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OVERVIEW 

Advanced technology for building design and engineering has been the 
focus of a National Research Council committee since 1982 when, at the 
request of the Federal Construction Council, the Advisory Board on the 
Built Environment (now the Building Research Board) organized an 
advisory committee to examine the long-range implications of how 
advanced technologies will affect future design, construction and 
management of facilities. The purpose of this committee is to assist 
federal agencies responsible for building programs in planning for the 
use of new, computer-based technologies by providing an informed 
assessment of the state of the art and its evolutionary direction. 

This committee invited several other experts to join it at a work­
shop held in August 1983 at the National Academy of Sciences Study 
Center in Woods Hole, Massachusetts. Participants at this first work­
shop, charged with the challenge to develop a conceptual framework for 
the integration of computer-based technologies in the building process, 
found that "much valuable data associated with the design, construction 
and operation of a facility are lost during its life span." The work­
shop participants stated that these lost data could potentially be used 
to improve the building process by providing the information needed for 
improving the performance and responsiveness of future designs, and for 
bringing about a reduction in the life-cycle costs associated with new 
facilities. The workshop concluded that efforts should be made to 
explore the development of an integrated computer data base that would 

* 
be available at all stages in the life of a building project. 

This idea of an integrated computer data base became the core of 
the 1984 workshop. As in 1983, the committee invited other experts to 
Woods Hole from June 17-2 2, 1984, to focus on the conceptual framework 
of an integrated computer data base that spans the life cycle of a 
building. Participants were asked to examine data-base requirements 

* 
A Report from the 1983 Workshop on Advanced Technology for Building and 

Engineering, National Academy Press, Washington, D. C. 1984 . 
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during the programming and planning phase, the design and engineering 
phase, the construction phase, and the facilities management phase. 
The results of their efforts is the subject of this report. 

ORGANIZATION OF THE WORKSHOP 

Thirty invited participants attended the 1984 Workshop on Advanced 
Technology for Building Design and Engineering. Architecture, 
engineering and computer sciences were the primary disciplines repre­
sented. Participants came from federal agencies, universities, archi­
tecture and engineering firms, computer companies, and research 
organizations. Biographical sketches of the participants are given in 
Appendix I. 

Participants divided into three working groups during the workshop. 
These were: 

1. Considerations for Data Capture. This group addressed questions 
about data capture throughout the entire life span of a building. 
This group consisted of c. Patrick Davis (chairman), Jack Enrico, 
Robert Furlong, Kenneth Goodwin, Ronald King, Robert Mahan, Edward 
Popko, David Skar, Peter Smeallie, and Robert Tilley. 

2. Project Data Utilization Interfaces. This group considered the 
range of interface issues that must be addressed before an integrated 
data base for the building process can be developed. This group con­
sisted of Harold Borkin, Alton Bradford (chairman) , Lawrence Dyer, 
Richard Field, Fred Kitchens, Thomas Kvan, Shirley Radack, Kenneth 
Reinschmidt, and Leonard Simutis. 

3 .  Data-Base Requirements for Analytic Methods in Early Design 
Decisions and Post-Construction Feedback. This group's objective was 
to examine the quality of building by maintaining the intent and 
philosophy of the building throughout its life cycle. This group 
consisted of Louis Childers, John Cook, Kenneth Crawford, Fred Lacerda, 
Douglas Nicholson, Mary Oliverson (chairwoman) , Frank Peters, Neville 
Powers, and Richard Wright. 

Each working group produced a report that was presented to the 
entire assembly on the last day of the workshop. These reports can be 
found in Part I of this document. 

Selected participants were asked to give prepared presentations on 
data requirements at the various phases of the building process. These 
presentations provided the working groups with current examples of data 
base considerations during the planning and programming stage (Fred 
Kitchens), the architectural stage (Harold Borkin) , the engineering 
stage (Richard Wright), the construction stage (Jack Enrico), and the 
facilities management stage (Douglas Nicholson) . Texts of these 
presentations can be found in Part II of this report. 
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PART I 

STUDY GROUP RESULTS 

1 
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1 
CONS IDERATIONS FOR DATA CAPTURE 

The group was asked to cons ider que s t ions  about data capture throughout 
the ent ire building process . The group addres sed the que s t ions of who 
captures data , what data to capture , when to capture data , and why 
capture data at a ll . 

INTRODUCTION 

The 1983 Workshop on Advanced Technology for Bui lding Des ign and 
Engineering conc luded that much valuable data assoc iated with the 
des ign , construc t ion , and operat ion of a fac i l ity are los t during its  
life span . Much of  the data could  be  used to improve the bui l ding 
process by (1) improving the qua l i ty of future des igns in terms of 
performance and respons iveness , and (2) reduc ing the l ife-cyc le c os t s  
associated with new fac i l i t ies . A s  demonstrated i n  the f ind ings o f  the 
interface working group ( see Chapter 2) , current practices  provide 
l i t t le incent ive for sharing data among part ic ipant s in the building 
proces s .  Someone in this process  has to assume a leadership role to 
ensure that these valuable data are not lost . 

Th is group bel ieves that the bui lding owner stands to  bene fit  far 
more than any othe r  part ic ipant and is in the bes t posit ion to serve 
as an information resources  manager for the data capture func t ion . 
Only the bui lding owner , who has contro l over the s teps in the bui lding 
process , c an cause this change to  take p lace in the indus t ry .  Figure 
1-1 shows that c l ose to 80 percent of the l i fe-cyc le costs  of a 
fac i l i ty are for operating purposes . Li fe-cyc le cost cons iderat ions 
demonstrate that bui lding owners wi l l  benefit  and wil l drive the 
development process  for an integrated proj ec t data base . It is the 
owners ' ab i l ity to amortize the cost  of data c reat ion ,  col lec t ion , 
maintenance , and use over the l ife of the fac i l ity that wi l l  pay for 
the deve lopment and imp lementat ion of these sys tems . 

Many independent part ic ipant s are invo lved in the bui ld ing process , 
each having a ro le that is  performed at a spec i f ic point during the 
l ife of a fac i l ity . Each part ic ipant generates ,  reviews , and mod i f ies  
data . Each also  obtains and ac t s  upon data generated by  o thers . Data 
are los t , e rrors are introduced , and de lays occur as needed informat ion 

3 
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4 

20 40 60 

Approximate distribution of life-cycle costs. 

FIGURE 1-1 Bui lding owner ' s l ife-cyc le cost s . 

is  located or regenerated . The l inkage i s  part icularly weak at  the 
beginning and end of a proj ect , that ie , in defining the ueere ' 

requirements  and in determining whether the fac i l ity ac tua l ly meete 
these requirements . 

Part icipants in the building proce11 generally do not have a c lear 
unders tand ing of or intereet in the informat ion need• of other part ici­
pants .  Consequently , the data ac tua l ly traneferred do not ueual ly 
ful f i l l  the needs of  others . Dat a are compreeeed and paeeed on in an 
abbreviated form, or not paseed on at al l .  In many cases , the informa­
t ion has to be regenerated , often repeatedly , during the projec t ' • l i fe 
span . To prevent thi1 loes , useful data mus t  be captured when 
init ial ly generated and made available to othere . 

Computer technology offers improved tools  to aid the free f low of 
informat ion among part ic ipants .  Computer aide such a1 informat ion 
s torage , re trieval , modification ,  communicat ion• , and diep l ay can 
contribute eignificantly to reduc ing deeign and conetruc t ion t ime 
frames and providing more respons ive and e f f ic ient fac il i t iee.  

This group hypotheeizes that an integrated informat ion reeource1 
management sys tem that accumulates projec t data over the l i fe cyc le of 
a fac ility  should provide s ignific ant benefit• to the buil ding owner . 
To do this , the informat ional needs of the variou1 part ic ipant• 
throughout the ent i re l i fe cyc le of the fac i l ity muet be ident if ied and 
captured . The fol lowing i s  a diecueeion of varioue c oneideratione in · 

capturing useful data . 

ASSUMPTIONS 

1. No major change s  will  occur in building procese concerning the 
tradit ional re lat ionship• among ownere , deeignere , c ontrac tor• , user• 
and othe r part ic ipants . As an integrated data baee ie deve loped for a 
proj ec t , the exi s t ing re lat ionships may change to take more complete 
advantage of the avai lab le data . 
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2 .  By ensuring data cons is tency and possib ly e l iminat ing data 
redundancy ,  an integrated data base wi l l  have economic advantages over 
the current proce ss . 

3 . Because c omputer techno logy i s  advanc ing at a rate faster than 
the building indus try ' s ab i l ity to apply it , the technology to capture 
the required data wi l l  be avai lable in whatever form may be nec e ssary .  

APPROACH 

Whi le the bui ld ing process  has a c lear object ive--to provide a fac il ity 
to the owner that meets  the req�i rement s for use--the data requirements 
within this process are not as c lear . The large numbe r of part ic ipant s 
in this  proc e s s  compl icates the quest ion of what data to  cap ture . Each 
part ic ipant deve lops a large amount of data , some of which are valuable 
to subsequent part icipants . Frequent ly ,  part ic ipants are autonomous 
organizat ions brought toge ther through separate contrac t s . Individua l 
data users  mus t  identify the "pas s-through" data that should be 
captured and "handed-off " to subsequent partic ipant s .  

Today ' s s truc tured technique s for identifying and de f ining data 
require that partic ipant s analyze their requirement s ind ividually and 
collec t ively . Capturing these data can be approached us ing a three­
leve l analys is . First , the processe s  invo lved in the maj o r  phases-­
planning and programming , des ign and eng ineering , procurement and 
spec i ficat ions , construc t ion and out fitting ,  operat ions and main­
tenance , and user operat ions--are ident if ied . Second , the app l icat ions 
that fa l l  wi thin each phase are def ined . The appl icat ions should be 
modular so they can be tai lored to the proj ec t requirement s . Fina l ly , 
the data required to support each app l icat ion should be ident i f ied . 
These data requirement s wi l l  be used to des ign the data base . 

STRATEGY 

This sec t ion des cribes a methodo logy for identifying spec i f ic data 
e lement s and data-base struc ture s . These steps are important to the 
development of data-base sys tems that have a high degree of cons is tency 
and integri ty . 

A bui lding can be described as an integrated ent i ty that enc loses 
space and has both form and func t ion for human use . To bui ld a useful 
bui lding , i t  is  necessary to have an integrated process that leads from 
the init iat ion of a requirement for a new bui lding through its  eventual 
occupancy and use . Because thi s  process  is  comp lex , i t  is  necessary 
to use an appropriate divis ion of  labor . 

To make the process  manageab le , i t  is  divided into spec ific phases , 
phases into work packages ,  work package s into tasks , and so  on . At 
each leve l ,  or d ivis ion , of work we ass ign spec ia lists  to  perform the 
detailed work . 

Each func t ional work area i s  a consumer and producer of both 
tangib le and int angible objects . Material  is transformed and a produc t 
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is produced . Informat ion is consumed and informat ion is produced . In 
each case , s ome value is added to the tangible or the intang ib le 
object . When the task is comp leted , the informat ion or produc t is 
turned over to another group for further ac t ion. 

The building process is a complex web of interconnec ted par t ic i­
pants . The computer is currently used to deal  with a s ing le work area 
or with an isolated func tion . As more computers are introduced , the 
information hand l ing sys tem become s more and more fragmented . As 
computers pro l i ferate , one becomes aware of  the ine ffic ienc ies c reated 
by an isolated approach . 

Building data are stored in a variety of  computer systems by 
different part ic ipant s in the bui lding process . Data are re-entered 
into a computer at various t ime s  during the l ife cyc le of  the fac il ity . 
At t imes , data cannot be entered and/or transferred because the various 
c ompute r systems are incompat ibl e , i . e . , they have different data 
formats and/or e lec tronic protoc o l s . In order to solve these and other 
data-re lated prob lems , it is necessary to take a broad view , one that 
brings the build ing process  into focus as a sing le , integrated process . 
We can envis ion a series of  steps that make pos s ible the integrat ion 
of bui ld ing process  data into one integrated building informat ion 
sys tem. 

The key to  the development o f  such a system is to c reate an infor­
mat ion resource management ( IRK) architecture . In the same sense that 
the architec ture of a building de sc ribes an integrated s truc tura l 
environment ,  an IRK architec ture describes an inte,rated informat ion 
environment . An IRM architecture wi l l  vary depend1ng on the character-
istic s  of  a part icular organizat ion , the state of technology , the kinds 
of data , and whe ther the use is pub l ic or private . Generica l ly , 
however , an IRM architec ture cons i s t s  of four dis t inc t part s :  

1.  Appl icat ions architec ture--the de f init ions of the func t ions and 
func t iona l  re lat ionship s that comprise the building proce s s ; 

2 .  Data architec ture--the iden t i ficat ion of the ent i t ies and 
re lat ionships that  support the appl ications architec ture ; 

3 Sys tems architecture--the de f init ion of the struc ture and 
re lat ionships of the hardware and software resourc es that support the 
data and appl icat ions architec ture ; and 

4 .  Ne twork architec ture--the de finit ion of the structure and 
re lat ionships of communicat ions and comput ing fac il i t ies . 

Taken togethe r ,  the four archi tec tures make up an IRM archi tec ture . 
The firs t two , appl icat ions.and data , are relat ive ly independent of  the 
techno logy and are driven by the bui ld ing process . The latter two are 
technol ogy dependent , but are a l s o  c losely re lated to the character-
is tic s  of  the bui ld ing process . For examp le , i f  the bui l d ing proces s 
is geographical ly di spe rsed , then a geographica l ly distributed sys tems 
architec ture may be required with its  as soc iated network . 

For this workshop , it  is mo s t  appropriate to concentrate on the 
app l ications and data architecture . 
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Applicat ions Architecture 

App l ic at ions architec ture can be derived from the desc ript ion of the 
building proces s and can be described or def ined in a number of ways . 
The mos t  common method of de fining appl icat ions i s  by deve loping a 
port fol io that desc ribe s the e lement s of a process  in terms of inputs ,  
outputs ,  and process ing funct ions . In order to capture a proces s , a 
complete set of  appl icat ions mus t  be de scribed . They should be 
described at  a leve l that i s  roughly s imi lar to  the leve l of de tai l  
found in the programming phase of a bui ld ing project . Enough informa­
t ion mus t be prepared to ident i fy each app l icat ion ,  locate it in the 
proces s , and dete rmine its maj or input s ,  outputs ,  and func t ions . If 
this i s  done properly , it  should provide enough informat ion to 
construc t a c rude data mode l at  the next s tage , the data architec ture 
stage . 

A s ignificant barrier exi s t s  in that c lass ical computer technique s  
teach the development of a comprehens ive requirement s analys is wi th 
detai led input , output , and func t ional ( algorithmic ) de script ions . To 
attempt to  do s o  for an ac t ivity as large and complex as the bui lding 
proces s  would not be effect ive . Instead , a high-level architec ture 
should be deve loped that can be success ively re fined in the s ame sense 
a bui lding des ign is  s ucce s s ive ly re fined . In the pas t , the de tai led 
requirements approach has been fol lowed because computer software was 
hard-c oded and not eas i ly modif ied . Today , the computer  re sources are 
available that c an be succe s s ively  ref ined without maj or rewrites  of 
the software . Table-driven software , generators ( such as sc reen 
generators ) , fourth-generat ion languages , and re lat iona l data-base 
sys tems represent highly f lexible tools .  

Figure 1-2 provides an app licat ions view at the highe s t  leve l for 
the fac i l it ie s  management proces s . It ident ifies  cand idate app l ica­
t ions areas . Further  definit ion of these appl icat ion areas is a needed 
next step . 

Inventory 

Depl'ec:lation 

Real Property 

Telephone Directory 

FIGURE 1-2 Appl icat ions architecture for fac i l ities management .  
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Data Architec ture 

Figure 1-3 shows the process  flow for the development of  a data archi­
tec ture . In order to generate a data architec ture , one must map the 
building proces s and its  applic at ions architec ture. Once the data 

Applications Date Modele Data Base Modele 

Network 

Information 
Structure 

Entities 

.. Relationships .. 
Attributes 

Hierarcy 

Identifiers 

I 

DODD 
Relational 

FIGURE 1-3 Data architec ture . 

architec ture is  e s tablished , a data base c an be implemented . The 
important charac teris itic s  of the process described in this figure are: 

• The data mode ling process  is driven by the building product ion 
process and i t s  assoc iated applicatio�s . The mode l  is  as good as , or 
as bad as , the descript ion of the app l icat ion environment . 

• The data mode l is independent o f  the physical  implementat ion of 
the data base . It represents a l ogical struc ture that is independent 
of the techno logy . The user c an e lec t to implement the physical  data 
base in any one of the three data s truc tures pic tured as examples 
( network , hierarchy , or re lat iona l ) . 

The purpose of the data mode l i s  to: 
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• Represent a logical informat ion struc ture that ref lec t s  the 
bui lding proces s ;  

• Ident ify the data e lement s to  be captured ; and 
• Provide a mechanism for the norma l izat ion of the dat a .  Normal i­

zat ion is  a process  that removes ambiguity from the data s truc ture that 
would c re ate implementation and use problems . 

The approach described in Figure 1-3 i s  the use of ent ity re lation­
ship analys is . Whi le this is an e spec ially useful technique , it is not 
the only one that can be used. An ent ity is an objec t about which we 
wish to s tore informat ion ( e . g. , a component such as a pump ) . A re l a­
t ionship def ine s the logical re l at ionship between different ent i t ie s . 

In addit ion , we can ass ign at tribute s to entit ies . If , for 
example , a pump is  an ent ity , then attributes of intere s t  are s ize , 
ident ify ing part number ,  manufac turer , and so  on . Data e l ement s  are 
spec ific instance s of attributes .  An identifier is  an attribute with 
the spec ial qua l ity of be ing unique . Part number would be an examp le 
of an ident ifier . 

After s t ruc turing a data architec ture , oQe c an beg in t o  deve lop a 
list  of data element s to be captured . The data e lements are generally 
defined in a data dic t ionary in terms of attribute name and de scrip­
t ion . The data dictionary serve s to focus discus s ion on the charac te r­
istic s  of ent i t ie s , and is used to ident ify what to capture . The main 
point is  that the development of a data archi tec ture is  e s sent ial to 
the deve lopment of  an integrated data sys tem. 

DATA DICTIONARY 

Genera l Data Bases  and Proj ec t Data Bases 

When one c ons iders e s tab l ishing an IRM architec ture for the building 
process , one mus t  recognize that there are two major type s of data 
required over the fac i l i ty l ife cyc le : gene ral  data that are 
appl icab le to a c lass of projec ts  and proj ect-spec ific data that are 
deve loped dur ing the build ing process  by the various part ic ipants .  
The se are , of  necessity ,  re lated , and project data bases mus t  be ab le 
to extrac t informat ion from genera l data bases and vice ve rsa . 

Many o f  the general data bases  al ready exist  in the form of 
profess ional handbooks , produc t catalogs , and computer programs .  These 
data bases may be nat ional , regional , ins t itut ional , or d i s c i p l ine­
based in scope and app l icat ion .  Example s o f  data inc luded i n  general 
data ba ses fo l low in Table 1-1. 

The second category of data bases contains data from al l phases of 
the building process  for a spec i f ic proj ec t . This beg ins at the point 
when a need for the fac i l ity is ident ified and cont inue s through the 
life of the fac i l ity .  A fac i l ity ' s l i fe cyc le can be divided into a 
variety o f  phases ,  but for the purpose s of this report , the fac i l ity 
l ife cyc le  is d ivided into s ix phases ( see Figure 2-1). These  are : 
(1) planning and programming , (2) des ign and engineering , (3) spec ifi-
cat ions and procurement , (4) cons t ruc t ion and out fit , (5) building 
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TABLE 1-1 Examples of Data for General Data Base 

1. Regulatory 
--Building codes and standards (national, regional, and local) 
--Professional standards (ASHRAE and ACI) 
--Handicap acce ss 
-Life safety 
--Securi ty 
--His toric pre se rvation 
--Zoning o rdnance• 
--Land us e re stric ti ons 

2. Inst itut iona l standards 
--Gu ide spec i f icat ions 
--Standard c rite ri a 
--Standard det ai l s 

3. Environmental 
--Cl imato logical 
--Topographical 
--Se i smic 
-Demographic and economic 
--General s tatist ic s  ( transportat ion a nd ut i liti es) 

4 .  Behavioral ( human) 
--Phys ical  fac to rs 
--E rgonomic 
-Psycholo g ic al 

5 .  Technica l  
--Des ign experience 
-Construc t ion experience 
--Knowledge 
--Techniques 

6. Cons truc tion produc ts 
--Informat ion on availability 
--Manufacturers 
-Technical  characterist ics 
--Pr oduc t p erforma nc e 
--Installation procedures 

7. Lega l 
--Contrac t s  
--Case law 
--Procurement regulat ions 
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TABLE 1-1 Cont inued 

8 . Economic s 
--Unit costs  ( a l l  leve ls ) 
--Labor , materials , and equipment cost s 
--Produc t ivity data 
--Market cond it ions 
--Genera l  economic conditions and data ( interest  rate s , inve stment 

leve ls , and other financ ial intel l igence ind ices ) 
--operat ions and maintenance costs  

9 .  Construc t ion 
--Re source s  data ( current and p lanned ) 
--Act ivity data ( current and p lanned ) 

10 .  Re search 
--Cons truc t ion management and market ing ( sources of potent ial 

bus iness ) 

11 . Services directory 
--Cont rac tors ( primes and subs ) 
--Arch itec ts  and engineers 
--Cons truc t ion managers 
--Special ized consul tant s 

maintenance and operat ion , and (6) use r ope rat ion . These  phases are 
cons idered to be more funct ion-related than t ime-re lated . They cover 
al l  aspec ts of the project , from "cradle to grave , " inc lud ing acquisi­
t ion , operat ion , management and renovat ion .  These phases  do not 
neces sari ly imply a t ime scale . Examp les of the data inc luded in 
project data base s , cumulat ive by phase , fol low in Table 1-2 . 

WHEN TO COLLECT DATA 

An integrated approach to the bui lding process imp l ies that  the part i­
c ipants wi l l  be ab le to exchange and use informat ion in ways that 
contribute construc t ive ly to the overal l process . Data sources 
required to  support this  integrated approach are beyond those current ly 
in use . Data  input wi l l  originate from a wide varie ty of organizat ions 
at different points in this proce ss . Emphas is must be p laced on when 
data are c aptured and how that t iming supports the real-t ime ,  inter­
ac t ive ,  integrated projec t data-base sys tem.  We must dec ide when is  
the mos t  cost-effec tive point to col lec t data . Whi le data  are 
valuable , they also  can be expens ive to acquire and rec ord . 
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TABLE 1-2 Examples of Data for Project  Data Base 

1. Planning and programming phase 
--Func t ional de sc ript ion 
--Space requirement s 
--S ite context descript ion 
--S ite evaluat ion criteria 
--Economic feas ibi l ity mode l 
--Spec ia l user requirements 
--Codes/regulat ions / legal c ons traints 
--Performance requirement s 
--Management plan 
--Market ing/ se l l ing data 
--Budget  l imi ts  
--Management deve lopment approach.  

2 .  Des ign and engineering phase 
--Space al locat ion 
--Space organizat ion 
--Cons truc ted e lement s 
--Quant ities /cos ta 
--Equipment 
--Populat ion distribut ion 
--Expec ted performance of the des ign configuration ( such as cost 

and energy use ) 
--opt ions ( left to choice of  bui lder ) 
--operat ions and maintenanc e 
--Training plan for operat ions and maintenance 
--Cos t  of des ign produc tion 
--Plans and spec ificat ions 
--Teat spec i f icat ions 
--Requirements comp liance 
--Coat est imates 
--Struc tural load calculat ions 
--Energy analys i s  usage proj ec t ions 

3. Spec ifications and procurement phase 
--Structure and procedures of procurement proce�s 
--Schedul ing 
--Quant it ies 
--Es t imated cos ta 
--Source s  of supply and payment 
--Furnished items 
--Cont rac t documents 
--Shipping 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1984 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19264

http://www.nap.edu/catalog.php?record_id=19264


TABLE 1-2 Cont inued 

4 .  Cons t ruc t ion and outfit  phase 
--"As-bui l t " information 
--Shop drawings 

13 

--De sign refinements ( graph ic , spec i f ications) 
--Material s bought 
--Equipment bought 
--Actual costa 
--Change orders 
--Cons truc t ion schedule ( daily log of  events , people , environment ) 
--Produc t ivity 
--Te s t  results 
--Status and forecasts 
--Construc t ion rates 

5.  Building maintenance and operat ion phase 
--Expenses and f inanc ing 
--Renewal/rep lacement 
--Servic ing /prevent ive ma intenance schedules 
--Repairs (se rvice reque s t s  and demands ) 
--Redecoration and remode l ing 
--Tra ining coat s 
--"As-bu i l t" drawings 
--Equipment /material l i s t ings and spec ificat ions 
--Warranty/guarantee informa tion 
--Punch l is t  resolut ion 
--operat ing manuals 
--Energy us age 

6. User operat ion phase 
--Space ass ignments 
--Space uti lizat ion 
--Communicat ions ass ignment s 
--Furnishing s and equipment inventory/assignment 
--Func t ions performed 
--Produc t ivity 
--Remode ling and renovat ion costs  
--Income/expense model 
--Occupancy costa 
-Layout detail  
--Growth project ions 
-Spac e/ func t ion requirement s 
--Drawings and spec ificat ions 
--Spec ial requirements 
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Ful l cons iderat ion should be g iven to col lect ion cos t s  and to 
minimiz ing the impac t on the work process . Automat ic gene rat ion of 
data and the creat ion of data from the computer-aided des ign proces s 
need to be maximized . Criteria are required to deve lop t iming rules 
appropriate to  the various func t ions and phases of a proj ec t .  The 
criteria mus t recognize the commonal ity of how ent ities  wi l l  use these 
data . Ent ity f l ow chart s  are requ i red to provide the s t ruc ture needed 
for deve lopment of t iming rules . We ant ic ipate that data wi l l  be both 
centralized and decentral ized . There fore , full  cons iderat ion should 
be given to  user locat ions and whether data are required as soon as 
they are c reated . Due to the data  sharing , timing must  cons ider the 
integri ty and accuracy of the data share d .  

If we wait to  col lec t data unt il  the sys tem is  put in use , we al low 
a period of  t ime to stand between the col lec t ion and the f irst  use of 
the data . Thi s  elapsed t ime can be critical  to the proc e s s  because 
important informat ion c an be los t , the data can be misused or 
misplaced , or not avai lable when needed . The incent ive for waiting to 
capture data is  that you postpone the t ime when you have to start 
incurring f i l e  maintenance coats . Ins tead , the data file is  writ ten 
once for the bui lding process , and l i t t le updating is required . 

Col lec t ing data at  the source improves accuracy , and m inimizes the 
chance of  data be ing los t , misused or misplaced . Once the data are 
recorded , they are available for use by others in the proc es s . 
However , early record keeping requires file  maintenance--perhaps the 
greatest barrier to early data col lec t ion . For a large proj ec t ,  f i le 
maintenance i s  an expens ive proces s .  It  is , however , le s s  expens ive 
than the t ime required to collec t and verify data at some later point 
in the proces s .  

The most  logical po int ,to col lect data i s  at the source ( or when 
the data are first  used) . The source generator of  the data mus t  be 
he ld re spons ible for updat ing the data as required . Such s ingle point 
responsib i l ity wi l l  he lp insure the accuracy and integrity of the data 
base . 

CONCLUS IONS AND RECOMMENDATIONS OF THE WORKING GROUP 

Major benefi t s  of  an integrated proj ec t data base wi l l  acc rue to the 
owne r .  There fore , deve lopment of the data systems wi l l  focus on the 
informat ion needs of the owner . The changes in the bui ld ing proces s 
brought about by an integrated data base wil l al low the owner to  
real ize the benefits which f low from the use of computer-based sys tems . 

The working group on data capture be lieves that re search proj ec ts 
should be undertaken that analyze the area of data requirements from 
the programming phase through the occupancy and use phase . In 
addit ion ,  the data flows in the build ing proces s  should be analyzed to 
ident ify data to be captured at each s tep in the process . 

The working group spec ifically recommends three areas of  re search . 
They are : 
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1 Research should be undertaken to quant ify the expected gains of 
implementing an integrated data-base sys tem in comparison to the dol lar 
and personne l resources necessary to  implement such a system . 

2 . Research should be undertaken to unders tand the impac ts  that 
automation of the des ign proces s w i l l  have on ex i s t ing personne l and 
the res is tence that might be encountered by exi s t ing personne l .  

3. Re search should be conduc ted on the degree of automation that 
is  appropriate and effec t ive for the design proces s . 

Final ly ,  the working group encourages the cont inued support of 
university re search in all areas o f  advanced technologies  in the 
bui lding process . Univers ity re search should serve as the underpinning 
to the apl icat ions-oriented deve lopments d iscussed at forums such as 
this workshop . 
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PROJECT DATA UTILIZATION INTERFACES 

The project  da ta utilization interfaces group was asked to  start from 
the premise that , in principle , there is not a series of data bases for 
a projec t , but conceptually , one data base . The group was asked to  
consider the data elements that make up an integra ted da ta base , how 
they will be used , and by whom. For example , information generated in 
the programming stage could be valuable to the designer as well as the 
facility manager ( to be used after the projec t  is completed ) .  How 
should this information be reformatted to be usable? This working 
group considered these and other interface issues tha t must be 
addressed before an integra ted projec t  data base can be developed . 

OBJECTIVE 

This group examined the data transfer and utilization interfaces that 
occur among the projec t data and the technical and management processes 
through the life cycle of a facility . This involved describing how a 
proje c t  is organized , locating where data are developed and used ,  and 
examining the da ta transfer points be tween the participants. This 
group considered the question: What will the future building process 
look like , and how will it most effec tively use the project  data? 

BACKGROUND 

The process of creating a facility , f rom the planning of the proje c t  
to its actual operation,  is organizationally fragmented through 
divisions of labor and corporate struc tures ( e . g . , design , construc­
tion , facility management ,  etc . ) .  I t is further fragmented by 
functional responsibilities such as architectural design , mechanical 
and electrical engineering , and so on . Data  supporting these frag­
mented organizations and func tions must flow through many interfaces 
if a cohesive , well-developed facility is to emerge . The struc ture and 
operation of these interfaces within a da ta base are major ingredients 
of effec tive data communications. 

Currently , the orderly flow of data be tween organizations and from 
function to function only exists where management has an interest in 

17 
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making the process  work . Otherwi se , the dat a  f low can beat be 
described as serial . For example , data that are deve loped and incor­
porated into the des ign of the fac il ity may or may not pas s through to 
the construc t ion phase or the fac i l ity management phase ,  even though 
sharing of data may be critical  to the e f fec tivenes s  of downs tream 
func tions . The original data may be los t , transformed , or even 
recreated throughout the different phases of the building proce ss . 

The effic iency of an interface  depends on the type o f  data ( such 
as words , numbers , mode l s , or graphic s ) and the means of process ing the 
data ( such as machine , written ,  or oral ) . The integrity o f  the data 
as they f low through the interfac e is  a major concern .  Cons idering the 
permutat ions that are possible and the requirement for data integrity 
at the interfaces , it  is  nece ssary to e ither Lnprove the interface 
e ffic iency or to reduce the number o f  interfaces . 

In addit ion to fac i l itat ing the flow of data across  the inte rfaces  
for use  in another func t ion , it  should a lso  be recognized that if one 
of the dependent func tions changed the data ( for example ,  changing a 
de s ign dec is ion) , then the impac t of  the change on other funct ions must 
also be addres sed . This  is an i s sue of data cons istency throughout the 
ent ire bui lding proces s . This is es sent ial ly a management func t ion 
that either automatical ly transfers data or informs the data base o f  
the change . The separate organizat ions and funct ions in the current 
s truc ture of the indus try have deve loped workable interfac es for the 
tradit ional media ( such as drawings and spec i f icat ions on paper ) , but 
these do not span the ent ire build ing process , nor are there any 
umbrel la mechanisms for compute rized data . 

The fol lowing trends support the evolut ion of a fu l ly-integra ted 
project data base: 

• The inc reas ing complexity of fac i l it ies ( e . g . , "smart " 

buildings ) require s  substantially more data and analyses . This tends 
to increase the number of organizat iona l ,  functional , and informat ional 
interfaces , and adds to the difficulty of  s toring and manipula t ing 
data .  

• Deve lopments  i n  informat ion techno logy wi l l  make i t  poss ible t o  
handle more effec t ive ly the data and informat ion required for dec is ion 
making and documentat ion by all  part ic ipant s in the bui l ding process.  

• The re is  a continuing need for t imely , accurate and low-c os t  
informa t ion .  

ASSUMPTIONS 

Th is group made the fol lowing assumpt ions: 

• Computer technology ( software and hardware ) , telecommunications, 
and othe r e lec tronic technologie s wi l l  be involved in proces s ing of the 
data required by the fac i l ity deve lopment team inc luding textual , 
graphic , numeric , and symbolic  data . 

• The cost  o f  informat ion technology wil l  cont inue to  fal l in real  
terms . 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1984 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19264

http://www.nap.edu/catalog.php?record_id=19264


19 

• Machine-to-machine interfaces wi l l  be pos s ible and wi l l  be ab le 
to occur independent ly of the manufac ture r .  

• Externa l  data base s wil l  b e  ava ilable in machine-readable form.* 

• The technology for integrated data bases , inc lud ing how to make 
data cons is tent , wi l l  be available . 

DESCRIPTION OF AN INTEGRATED DATA BASE 

Concept 

An integrated proj ec t data base , such as that dep ic ted in Figure 2- 1, 
formal izes the interfaces be tween the various project deve lopment 
funct ions . Such a data base conta ins a conceptual mode l o f  the projec t  

Need I D ' 
Pnlject Mlnlgement 

' I 
Pnlject lnllgrldld Dllta a... 

' t ' ' ' ' ' ' 
Plocurlmlnt' 

P!Mning' & Delign' & Documenla Conltructlan' 
�····��� EnginMr'•IQ Pun::lwe & OIMilllng 

Ordn81c. 

I I 1 f I I 1 I 
Work FileJ Work File 1 Work·F• I Work File 1 

Eldlmll (Genlrll) Dllta a.. 
. Deli rnent Function 

FIGURE 2-1 Integrated project data base . 

Building I 
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' ' 1 t 
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1 I lt 
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*External data base s contain general informat ion re levant to  many 
projec ts  or organizat ions . They are out s ide of , or external to , the 
project data base which inc ludes s pec ific data generated for an indi­
vidual project . External data bases  may inc lude regulat ions ,  code s , 
de s ign standards , eng ineering prac t ices , and general ly accepted 
knowledge app licable on a nat iona l ,  regional , or inst i tut ion-wide 
basis . 

· 
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that allows the various projec t deve lopment func tions to  extrac t 
required informat ion in a form that is  part icular to a func t ion as well 
as to  accept informat ion from other func t ions in  a s tandardized form . 
The means of accomplishing this i s  through interface modules that 
reformat the informat ion . The se interface modules contain the 
knowledge �bout what form each t rans fer requires . For example , one 
e lement of the interface to the construct ion funct ion can t ake c ompo­
nents of the mechanical sys tem from the data base and subd ivide items 
such as p ipe runs into spool piece s , each with a geometry and a unique 
part number .  After these parts have been ins tal led , the c onstruct ion 
system reports  back to the data base that this aspect of t he mechanical 
sys tem bas been completed and is  scheduled for test ing at a part icular 
date . The projec t deve lopment func tion views the data base  in 
d ifferent ways . Table 2-1 out l ines some of these views . 

TABLE 2-1 Dat a-Base Cons iderat ions from Viewpo int of Proj ec t  
Deve lopment 

Planning and Programm 
1 . Performance 
2. Constraints 
3 .  Spaces , people , funct ions , re lat ionships 
4.  Costs /budget s 

Des ign and Eng ineering 
1 .  Spat ial  al locat ion 
2 . Forma l , ae s thet ic cons iderat ions 
3. Construc t ion e lements 
4. Environmental control 
5. Operat ions 
6 .  Cos t  

Procurement 
1 .  Contrac t s  
2 . Drawings and specifications 
3. Bidding proce sses 
4. Cost  

Cons truc t ion 
1 .  Cons truc tion requirements 
2. Purchasing 
3.  Tes t ing 
4.  Cos t 

Ope ration and maintenance 
1 .  Performance 
2 . Maintenance procedure s 
3. Inventory tracking 

User ope rat ion 
1 . Staffing and schedul ing 
2 .  Space al locat ion and use 
3 . Performance 
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In order to accompl ish the de s ired kind of interac t ion with the 
project func tions , the content of the data base mus t  be organized in a 
standard way . This organizat ion need not be uniform ac ross al l 
projec ts in al l de s igns , but it  mus t  share common ideas and concepts 
on which the re i s  agreement . 

DATA INTERFACE ISSUES 

A data interface exists  at every boundary between organizat ions , firms , 
discip l ine s ,  and programs that have deve loped data struc tures indepen­
dent ly . An ideal ized data base c oncept would require the e liminat ion 
of these interfaces .  Howeve r ,  the s truc ture of the cons truc t ion 
industry--organizat iona l ly fragmented--i s such that they cannot be 
e l iminated . Each organizat ion and disc ipl ine has its  own methods and 
terminology . A group of such organizat ions comes togethe r to execute 
a projec t  for a c l ient . Each project team may be unique--neve r having 
worked together  before and possib ly neve r working together again . This 
group communicates by means of  various document s and informat ion 
transfers ( drawings , spec ificat ions , e tc . ) , that have been more or less  
s tandard ized over the years . Even so , many mis interpre t at ions and 
misunderstanding s  occur . 

Even within a s ing le disc ip l ine , data interfaces occur because 
different computer hardware and software systems are used for simi lar 
func t ions . For example , many d ifferent programs exist  for finite 
e lement analys is , s truc tural analys is , pip ing analysis , e tc . ,  and each 
organizat ion performing the se func t ions may select a different program 
for reasons of its  own .  Each program requires  s imilar type s of input 
data , but in different formats . Software deve lopers wri t ing inter­
ac t ive graphic s  programs , for example , must  either l imi t their market 
by provid ing c ommunicat ions with only one ana lys is  program or mus t  
write separate communicat ions programs . 

Similarly , computer-aided des ign (CAD) systems, although dea l ing 
with the same bas ic ent it ies ( line s , area , etc . ) , represent the se 
ent i t ies internally in different ways , so that d ifferent CAD sys tems 
cannot communicate with each other . One answer to this interface 
prob lem baa been the deve lopment o f  neutral fi les . A neutral  fi le is  
an intermediate data representat ion which does not nece ssarily ref lec t 
the internal s torage representat ion of any spec i f ic hardware or soft­
ware . Instead of  writ ing trans l ators to and from every othe r software 
produc t with which they wish to c ommunic ate , software deve lopers need 
only wri te trans lators to and from the ir system to the neutral format . 
The In it ial Graphic s Exchange Spec ificat ion ( IGES ) for c ommunication 
between CAD sys t ems i s  one exist ing example of this approach . 

Interfaces in the Integrated Proj ec t Data Base 

As il lus trated in Figure 2-1, the integrated projec t data base serves 
as a central ized repos itory of information through which a l l  func t ions 
communicate . The integrated dat a  base serves as the primary interface 
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between a l l  aspec t s  of the project . The internal s truc ture of  thi s  
data base serve s  a s  a major vehic le for communicat ion. 

Interfaces  to and from the data base and the externa l wor ld need 
to be addres sed in order to c lari fy the ir role . Wh i le it is  inappro­
priate here to  spec ify format s and technologies , it is  use ful to  
out l ine some of the primary func t ions and problema at the interfaces . 

Role of an Interface 

Es sent ial ly ,  a l l  interfaces are c oncerned with the trans fer of data . 
Al l  transfers can be c lass i f ied broadly as input functions or output 
func tions . There are , howeve r ,  more spec i f ic operations wi thin these 
broad categorie s in the mode l proposed . 

Input Input to the integrated data base comes from a variety of 
source s--primari ly , batch input from the external data base--but also 
the direc t input of discrete items . In general , input c an be 
c lass i f ied  as fol lows : 

1 . Discre te input of both s truc tured and uns truc tured data , e . g . , 
initial iza t ion of the data base with project identi f ier ( name , number ) 
and desc ript ion of projec t .  

2 . Bu lk trans fer o f  data from the external data base , e . g . , 
setting up of projec t l ibrarie s  of standard detai l s  and approved 
equipment . 

3. Updat ing and replac ing of exi s t ing data ,  item by item, e . g . , 
minor revis ions of equipment spec i f icat ions . 

4. Compac tion and replacement of a sec t ion of the data base . 
5. Supplement ing and expans ion of exist ing data , e . g . , extend ing 

the descript ion of part icular equ ipment with his torical data . 

Output There are a variety of rol e s  for the data output from the 
integrated data base . Some of the se are : 

1.  Discre t e  output by direc t querying of the data base , e . g . , 
ident i fying the manufac turer of a known part . 

2 .  Bulk extrac t ion of data , often to another data bas e , e . g . , down 
loading se lec tions and projec tions of the data base . Thi s  often 
requires output in spec ific record formats . 

3.  Reporting and tabulat ion of data base content s ,  e . g . , b i l l  of 
material s .  

4 .  Extrac tion of data and reproce s s ing before use by the 
rec ipient , e . g . , report ing of geometric data as areas ins tead of nodes 
and vert ice s . 

Interfaces  are required , therefore , not only to  transfer d i screte 
data e lement s ,  but to reformat one data struc ture to another .  There 
is an important role for the interface in the re interpretat ion of the 
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data , inc luding the extrac t ion of  impl ic it informat ion ( e . g . , the 
derivat ion of dat a not explic i t ly s tored in the integrated data base 
such as the areas of c losed polygons ) . 

Cons istency 

One of the most important qua l i t ie s  the projec t  data base shou ld have 
is the abi l ity to  maintain consis tency among the data stored . Whi le a 
central data base that a l l  partic ipant s share solve s  many of the 
uncertainty problems caused by independent data bases , changes entered 
in one subsys tem can have an impac t on many other  subsys tems . The data 
base shou ld s tore re lat ionships be tween data items and take the correct 
ac tion when thing s  change . To accomplish this automat ica l ly i s  very 
difficult  with current data base s tructures . An automated sys tem 
should send mes s age s to the part ic ipant s about changes that may affec t 
their work . Projec t management technique s that study the impac t of 
changes wi l l  be required to maint ain those aspec t s  of cons istency that 
are not automat ic ally accompl ished . 

Whi le the intent ion is  to max imize the value of information trans­
ferred by making the data as complete and ful ly contained as pos s ible , 
it  is also a prac t ical issue that the volume of  data be minimized . 
The interface needs to be as rich as poss ible whi le mainta ining 
cons i stency . 

There are a number of ways of  achieving this richne s s . The mos t  
common technique available is to emp loy repre sentationa l c odes which , 
in their  s truc ture , are embodied with value . For example , we can 
es tablish code s for geometric shapes in which we use nume r ic symbols 
to represent standard shape s . Th is technique can be extended to more 
complex objects  by the use of standard mas ter l ibraries e s t ablished as 
general s tandards . Such l ibrarie s can be devised as uniform c lassifi­
cat ion sys tems or can be al lowed to evolve in the marke tplace . The 
latter can be s imi lar to that employed in the e stablishment of bar 
codes in the grocery industry . 

IMPLEMENTATION ISSUES 

How an integrated projec t data base can be supported ac ros s differing 
c omputer environments and how d iffer ing proj ec t organizat ions can be 
accommodated within the same data base s t ructure are the major 
implementation issues . 

Implementat ion in the Federal Sec tor 

Implement at ion of an integrated projec t data base in the federal sec tor 
should c ause minima l disrupt ion if undertaken in an evo lut ionary 
manner . Mos t agenc ies already have computer-based systems for some 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1984 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19264

http://www.nap.edu/catalog.php?record_id=19264


24 

bui lding-re lated func tions , although the prac tice is uneven and p iece­
meal on an agency-by-agency bas is .  This fragmented deve lopment is due , 
in part , to the lack of a s ing le organizat ion respons ible for a l l 
aspec t s  of  a proj ect . There is no "c zar" in a pos it ion to  inf luence 
the process  at organizat ional  and func t ional interface s .  This s itua­
tion wil l  most  l ike ly cont inue to exi s t  without changes in re spons i­
bilities  and cons truc t ion procurement me thods . 

Project management in the federal sector general ly i s  not ves ted 
in one ind ividua l or organizat ion through9ut the l i fe of the proj ect . 
However ,  the organizat ion respon s ible for the de s ign and c onst ruc t ion 
can make the proposed sys tem work , provided the agency require s  that 
the necessary procedures be fol l owed during the programming and 
planning s tage . The des ign/cons truct ion organizat ion mus t  be 
respons ive to the needs of those respons ib le for operat ions and 
maintenance ,  and to the needs of the users . 

It mus t be recognized that agenc ies have a s ignif icant inves tment 
in exist ing hardware and software . ·  Procedures and polic ies  imp lement­
ing the integrated project data base must be f lexible enough to allow 
interface s within these exist ing systems . It should also  be recognized 
that some exi s t ing hardware may be too l imited in its  ab i l ity to work 
with an integrated data base . 

Implementat ion in the Private Sec tor 

Because of the fragmentary nature of the construc tion indus t ry ,  it is 
unl ike ly that a s ingle service f i rm  wi l l  be ab le to imp lement a 
complete integrated projec t data base independent ly .  

Large de s ign/construc t ion firms wi l l  cont inue t o  move toward 
internal  proj ec t data bases , part icularly on large projec t s . The 
economic advantages of increased e ffic iency may make such integrated 
firms more c ompe tit ive with respec t  to projec t  teams of sma l ler , 
spec ial is t firms . However,  even large .des ign/construc t ion firms wil l  
find i t  difficult  t o  implement and integrate proj ec t data base alone , 
and wi l l ,  therefore , have to maintain data bases that are open to a 
variety of suppliers and c l ients . 

The economic benefits  of improved data bases  wi ll  acc rue primari ly 
to the owners . Some of the economic advantages are : 

• Increased accuracy of es t imates by automatic quantity 
deve lopment ; 

• Reduced c onstruc tion interferences  through automatic inter-
ference de tec t ion or prevent ion ; 

• More rapid processing of des ign changes ;  
• Reduc t ion of errors due to manual data transc ription ; 
• Reduc t ion of des ign errors due to use of obso lete information ;  
• Bet ter qual ity drawings ; 
• Reduc tion of drawing revi s ions by use of pre-release  de s ign 

review by a l l  involved parties ; 
• Improved des igns due to deve lopment of mul t i-disc ipl inary des ign 

tools and methods ; 
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• Reduced cons truc t ion cost s  due to be tter construc t ion p lanning 
and improved transmi s s ion of de s ign informat ion to  cons truc tion ( inter­
ac t ive computer graphic s displays ) ; and 

• Reduc t ion in fac i lity operation and maintenance c o s t s  due to 
improved availab i l i ty of as-bui l t  data and de s ign c riteria . 

Data-Base Ownership 

The issue of data-base ownership mus t  be re so lved in order for an 
integrated proj ect  data base to be suc ce s s ful . Clear respons ib i l i ty 
for ownership , and the a ssoc iated respons ibil i ty for ma int aining data 
integrity , mus t  be estab l i shed . The prob lem fac ing data-base deve l­
opers is not the e l iminat ion of  data-base ownership at the organiza-
t ional leve l ,  but how to exploit the ownership func t ion as a means of 
data management .  

Data bases have no independent l i fe ,  but exi s t  only as produc ts  of 
some func t ion . If a func t ion is  not computerized , then a computerized 
data base dependent on that proc e s s  can be ma intained only by 
cont inuous management attent ion . 

Trends 

Progress  in computer technology , inc reased user experienc e with that 
techno logy ,  and improved economic s  are t rends that contr ibute to 
advanc ing the concept of an integra ted project  data base . Progres s  in 
computer techno logy inc ludes improved mic roproces sors , works tat ions , 
periphera l  equipment ( digit izers , p lot ters , tablets , etc . ) , and 
distributed ne tworks or te lecommunic at ions . Inc reased user experience 
inc ludes a growing acceptance of ( and investment in ) mic roc omputers and 
works tat ions , and the ab i l i ty to  use this capab i l ity to  support group 
objec t ive s ,  rather than individual  efforts . Favorab le ec onomic s  
results  from the need t o  extend f inite budgets through inc reased 
produc t ivity and e f f ic iency , wh ile  preserving the unique c ontributions 
of the various technical expert s involved . Economic s a l s o  inc ludes the 
dec reas ing cos t of computer hardware and the range of capab i l i t ies that 
are now avai lable . The use of  computer-a ided methods ( for mapp ing , 
draft ing , de s ign , and manufactur ing ) is becoming more commonplace and 
is some t ime s required i f  firms are to compete successfu l ly for pub l ic 
sec tor contrac t s . 

Another fac tor to cons ider i s  the l i fe of  computer sys tems . 
Regardles s of  the pace of evolving techno logy , system upgrade s and/or 
replacements are s trong ly inf luenced by tax l aws ( deprec iat ion 
schedules and inve stment tax cred i t s ) for private industry . 

CONCLUS IONS 

Thi s  working group conc ludes that an integrated proj ec t data base wi l l  
be an e ffec t ive mechanism for br idging the interfaces that exis t  
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throughout the l i fe cyc le of a bui lding project . Many interfaces  exist  
between the part ic ipants in  the bui lding proces s , between individual 
proj ec t func t ions , and between the data that are col lec ted and analyzed 
for the various projec t func t ions . This multiplic i ty of interfaces  
makes the bui lding proces s  comp lex and exceeding ly difficult  to manage . 

An integrated projec t data base wi l l  be a valuab le tool for bridg ing 
the se interfaces and for creat ing a means of communicat ion between 
people ,  funct ions , and data . 

Opportunities  for eas ing the interface prob lem are s igni ficant 
through the development and use o f  an integrated projec t data base . 
Bec ause of i t s  potent ial for st imulat ing better , more informed dec ison 
making and more effic ient management , a strong economic incent ive 
exists  to move toward the creat ion of integrated project data base s . 
Its deve lopment should help to pul l the separate pieces of  the building 
process together , resulting in more cos t-e f fec t ive bui ldings . 

As i s  true in other  appl icat ions of  advanced technology , there are 
potential barriers to realizing the ful l  benefits  of integrated proj ec t 
data base s .  Care ful planning and the involvement of management are 
necess ary to establish an integrat ion strategy , inc lud ing the rule s , 
guide l ine s ,  and c riteria that wi l l  assure cons istency in the data base . 
Proper training and preparation of  staff  are es sent ial to assure that 
the rule s are fo l lowed . 

Managers may find that they wi l l  need new organizations or new 
organizat iona l re lationships when implement ing the integrated projec t 
data bas e .  The se new re lationsh ips should re sult in improved communi­
cat ions between people , processes , and data , as we l l  as fewer interface 
prob lems . 

BENEFITS 

The integrated project  data base has at leas t four tangib le bene f i t s : 
(1) improved communicat ions ac ros s  the interface s ,  ( 2 ) improved projec t  
management , ( 3 ) more consistent data , ( 4 )  and bet ter analys is  and 
des ign . 

Improved Communic at ions 

By provid ing a common means for communicat ing about the proj ec t , the 
integrated proj ec t data base wi l l  he lp to make the many interface s 
invi s ib le and wi l l  provide a means for solving the interface prob lem. 
Although some of the data used in the build ing process  are spec i f ic to 
a part icular func t ion , other data could be use ful throughout a 
project ' s l i fe cyc le . The integrated project data base wi l l  be a too l  
for the c ommunicat ion of these common data acros s the inte rfaces  of  the 
various profe s s ions and c reators of the data.  It wi l l  ac t as a 
surrogate integrator of  people , proce s ses , and data .  

Anothe r aspec t of the integra ted proj ec t  data base i s  i t s  potent ial 
for fac i l itat ing change . Many changes occur in a proj ec t after de s ign . 
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Current ly , one of  the mos t  difficult interfaces  t o  bridge is  that 
be tween what was p lanned for a project and what  actually ex i s t s  as a 
result of the many changes that have been made . It is  import ant to 
pass the informat ion re lated to change to project managers and to other 
partic ipants in the bui ld ing proc e s s  who need to know about changes in 
order to perform the ir j obs e ffec t ive ly . The integrated data base wil l  
be a way t o  accompl ish this . 

Improved Projec t Management 

A second maj or bene f i t  is improved proj ec t management .  Because no one 
organizat ion has control of a bui lding projec t  from beg inning to end , 
no one organizat ion can capture the data that are needed throughout the 
process . The c reat ion of  an integrated proj ec t  data base wi l l  a l low a 
project manager to improve s igni f icant ly control over a project  and 
inc rease the proj ect manager ' s ab i lity to moni tor and channe l change . 

Data Cons istency 

A third bene f i t  is more cons istent , re liab le data through al l phases 
of the building proces s . The use of  advanced computer technology to 
create and maintain the integrated projec t data base wi l l  s t imulate 
disc ip line and precision in the data capture and representat ion 
processes . Ce rtain formalisms and guide l ines wi l l  be requ ired to 
assure that data stemming from the various segments of the bui ld ing 
proces s are cons is tent . This qua l ity i s  essential to the e f fec t ive 
operat ion and use of an integrated proj ec t  data base and to the e as ing 
of the interfac e  problems . 

Analys is and Des ign 

Bet ter processes for analys is  and des ign are addit ional bene f i t s  
f lowing from the c reation of the integrated project  data base . By 
creat ing a repo s itory of the es sent ial dec is ions that have been made 
about a projec t  and a record of changes made , the integrated proj ec t  
data base wi l l  a l low the various part ic ipants in the bu i ld ing process  
to  respond to  change and to use  the data  generated and co l lec ted by 
other part ic ipant s .  As a resul t ,  the interface between past experience 
and future ac t ivi t ie s  will  be bridged . 

RECOMMENDATIONS 

The two workshops on Advanced Technology for Build ing De s i gn and 
Engineering have produced definit ions of an integrated pro j ec t data 
base and have identified issues  in terms of barriers and incent ive s , 
or advantages and disadvantages .  This workshop has produced a graphic 
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depic t ion of  an integrated projec t data base in terms of i t s  re lat ion­
ship to projec t management and to the mul t itude of funct ions that both 
extrac t from and c ontribute to the data base . The next s tep is to 
execute the gene ric model  for a de f ined project so that the various 
interfaces  c an be de fined and examined . If  a goal of the integrated 
project data base is  to  preserve only c ommon and "useful " data , such 
an exerc ise would identify such dat a .  

The e stabl ishment and use of an integrated proj ec t d a t a  base i s  not 
a linear process--s tart ing at one point and progres s ing to the end--but 
rather an iterat ive process  without a f ixed s t art  or end point . Hence , 
this working group sugge sts  that at least two separate groups be 
involved in the establishment of the integrated proj ect data base . 
Each group would s tart at a dif ferent point in the proc e s s . If  the 
data are unique , then e ach group should arrive at approximate ly the 
same set of data e lements .  

Several federal government agenc ies are establishing data bases to 
support the ir projec t needs . The Rational Research Counc i l  shou ld 
as sign representat ives of the Bui lding Re search Board to "watch" and 
document this experience so that i t  may be availab le to a s s ist  others 
fac ing s imilar tasks . 

A potent ial produc t of Building Re search Board ' s e f forts could be 
a guidebook for use in e s tab lishing an integrated projec t data base . 
Recent e ffort s by the American Pub l ic Works As soc iat ion have re sulted 
in the pub licat ion of guidance materials for computer-aided mapping . 
This guidance contains documentat ion of  ac tual experience ( case 
his torie s ) as we l l  as rules-of-thumb derived from that experience . 
Singular or cooperat ive efforts to as s i s t  users with integrated data 
bases is  o f fered for cons iderat ion . 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1984 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19264

http://www.nap.edu/catalog.php?record_id=19264


3 

DATA-BASE REQUIREMENTS FOR ANALYTICAL METHODS IN 
EARLY DES IGN DECIS IONS AND POST-CONSTRUCTION FEEDBACK 

This group origina l ly was ass igned the topic of l inking a data base to 
graphics representation .  The group reas oned that graphic s representa­
tions are an input/output func t ion rather than a data-base func t ion . 
It dec ided that the area needing attention was data-base requirements 
for analyt ic al  methods at the programming , des ign ,  and pos t­
cons truc tion phases .  

INTRODUCTION 

Current technologies already use integrated data-base management 
systems to  manage geome tric mode l s  and the ir attributes , to se lec t  
output data to  generate drawings and spec i f ications , and to select  data 
required as input to analys i s  programs . From des ign de finit ion through 
design analys i s  and cons truc t ion , such sys tems are now being 
effec tive ly used and re fined . Pre l iminary des ign aids and post­
cons truc t i on feedback , however ,  have not yet been success ful ly 
implemented in current computer media.  

It may be  that these aspec t s  of the building process  have been less  
trac table for  computer app l ication bec ause they are less  compat ible 
wi th present computer media . Current computer med ia , wi th their  
emphas i s  on  digital  methods , may not be  adaptab le to  the genera l i ty of  
human image manipulat ion in  pre l iminary des ign .  Images manipulated by 
des igners in pre l iminary des ign processes , some t ime s  augmented by 
des igners making sketches with a 6B penc il , are not of the disc rete 
data images now hand led so effec t ive ly by computers . Therefore , new 
kinds of computer med ia , adaptab le to pre l iminary des ign image , may be 
needed to accommodate the early s tages of des ign proces ses and the 
feedback from post-occupancy ana lyses that should inform those 
processes . 

This  group ' s discus s ion examined ways to  improve the qua l ity of 
bui lding by maintaining the intent and ph i losophy of the bui lding 
throughout the l ife cyc le of  the fac i l ity . This  was discussed within 
the context of  an integrated data base for a bui lding proj ec t . 

29 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1984 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19264

http://www.nap.edu/catalog.php?record_id=19264


30 

DISCUSS ION 

Data Flow in the Bui lding Proc e ss 

Data should f low in an integrated progre ss ion from the point of c on­
cept ion o f  a fac il ity through it s occupancy . As the des ign progresses 
through the process , the spectrum of des ign choices narrows , and the 
leve l of detai l inc reases . 

Cons iderable  data and information are encompas sed in the bui ld ing 
process . The intent of a bui ld ing projec t originates in the obj ec t ive 
statement s that are embe l l ished and re fined unt i l  the conc luding s tep 
of use and occupancy . Integrat ion of this informat ion int o a data base 
is essential for comparison of the ac tual des ign against  the original ly 
established intent throughout the stage s of the bui lding proces s .  

This cap turing of object ive informat ion has been overlooked in pas t  
attempts at des igning integrated data base s . Not only mus t  an inte­
grated data base be struc tured to  al low for verificat ion that the 
original intent s are met , it  must  be struc tured so the results  of 
analys i s  at  each s tep are availab le for input to the next s tep . Each 
step expands on the leve l of det a i l  se t by the previous s tep in the 
proces s . This  progress ion al lows for a struc tured me thodo logy for 
making and documenting dec isions along the way . Al l prev ious informa­
t ion and dec is ions are then avai lab le at any future point . They are 
avai lab le to verify or provide warnings for future des ign dec i s ions or 
changes . 

INTEGRATED DATA BASE 

Figure 2-1 ,  deve loped by the interface working group , i s  based on the 
generally  unde rs tood sequence of operations in the build ing proces s . 
Spec ial emphas i s  is  placed at the beginning stage of planning and 
programming that def ines the reasons why a bui lding is needed . At the 
end , we place an emphas i s  on the feedback that can be ob ta ined from the 
peop le who use and occupy the bui lding . This group current ly has the 
least  input in deve lop ing des ign requirements for bui lding s . The 
diagram at tempt s to show that there has to be an overal l management 
cont rol  from the beginning to the end . One of the too l s  for this can 
be an integrated projec t  data base . For example , the integrated data 
base wil l  provide the means for proj ec t obj ec t ives , or ph i losophy ( that 
exp lain why a bui lding is  being bui lt ) , to be kept in focus throughout 
the bui lding proces s . 

The s pec trum of choices narrows and the leve l of de t a i l  broadens 
as the proj ec t approaches the cons truc t ion stage . If a data base i s 
we l l  organized , it  wi l l  al low knowledge of requirement s  and intents to 
be pushed forward into the stage s of des ign and procurement . Thi s  
al lows , i n  turn , the test ing of more al ternat ives , al lows them to be 
more cons is tent , and allows the a lternat ive s to be tes ted against  the 
object ive s . The archi tec tural qua l i ty shou ld be improved as a result . 

Integrated gene ral  and proj ec t spec ific data bases provide the 
informat ion to beg in cons truc t ing a computer mode l of a proj ec t . Other 
computer analysis  tool s he lp you rapid ly test  alternat ive s and re f ine 
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this mode l .  These too l s  wi l l  be evaluat ing everyth ing from s t ruc tural 
integri ty to human comfort . The analys is too l s  and computer mode l wi l l  
he lp you during the bui ld ing deci s ion-making process to improve on the 
original conc ept . Each dec ision in thi s iterat ive proc e s s  wi l l  add 
informat ion to your integrated data base and thus streng then the whole 
process . 

The use of  such  too l s  should provide a cons iderable saving in time 
in the des ign stage and , as a result , a l low more de s ign e ffort to be 
expended for the same budge t .  In each s tage o f  the proce s s , there 
should a l so be a way of going back to  test  the new re su l t s  agains t the 
previous mode l to see if progres s  ( in terms of qual ity ) is be ing made . 
This means trust ing the integrity and cons i stency of data of  the 
earlier model s  ( e . g . , the vol ume  de termined in early de s igns is  
re liab le for  later  evaluat ion) . There is  a critical need for improved 
tools  and mode l s  to support dec is ion making during the bui ld ing 
process , e spec ially for mas ter planning , architec tural programming , 
conceptual de s ign , and schematic des ign. These tools  and mode l s  wi l l  
draw the ir informat ion from the integrated proj ec t data base . There­
fore , the ir informat ion needs wi l l  be a prime determinant of  data-base 
contents . 

NEED FOR ANALYTIC TOOLS 

Tool s  and mode l s  are needed at the early des ign s tages bec ause of the 
high impac t of early des ign dec i sions on bui lding quality and cos ts . 
The further the building process  progresses , the less  we c an af fec t 
qual i ty and costs . Quality is  a func t ion of costs  and cos t s  a func t ion 
of quality , so that the trade-offs  are impor tant to know . Mos t  of the 
exi s t ing compute r-aided des ign too l s  and mos t of the expertise  in the 
deve lopment of data bases have tended to aid in the more detailed 
de sign s tage s ( not neces sari ly the working drawings stage , but 
certainly c loser to the concept s t age than the pre-conce p t  s t age ) . 
This has meant an emphasis  on de s ign too l s  of va lue for the des ign of 
items onc e they have been dimensioned . 

The integrated project data base should support al l s t age s of the 
bui lding process . It may be used to rec ord program and early de sign 
proposals  and to provide input to and rece ive output from broad-b rush 
analysis  mode l s . This  al lows de s igners to test  the ir ideas , quickly 
exp lore many al ternat ive s , and make maj or de s ign dec is ions . By incor­
porat ing knowledge and experience  ( based on feedback ) into such 
systems , des igners are g iven the opportunity to exploit the experiences 
of others . 

The data requirements mus t  be minima l  at the early s tages of 
planning and de s ign analysis . Otherwi se , the des igner is  p laced in the 
posit ion of deve loping an enormous dat a set  and finding that this  pre­
c ludes any further efforts  to change the des ign .  The data base mus t 
al low progres s ive des ign de finit ion and ref inement . Both data ent ry 
and des ign analys is  must  be largely interac t ive . 
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The key dec isions and reasons  for them ( inc luding intent and 
phi losophy ) may be saved for the informat ion of future bui lding owners , 
des igners ,  and fac i l it ies  managers so that the integrated proj ect  data 
base is used to carry forward e s s ent ial information about the building . 
The analys is too l s  and integrated project  data base may c ontinue to be 
used to  tes t proposed changes to the exi s t ing bui ld ing . Des ign c on­
cepts and intent need to be recorded in order to provide a framework 
to future feedback . Feedback i s  of no value unles s  it  i s  in a form 
that allows compari son with what was intended . 

The use of  a s ing le , c omputerized , and consis tent data base for a 
fac ility with assoc iated tools ( for a l l  bui ld ing s tages ) may allow for 
a reduc tion in s ize of the des ign team.  This , in turn , c ould lead to  
a smalle r , more integrated des ign team that is  be t ter  able  to 
coordinate des ign dec is ions and uphold the bui ld ing intent . 

BARRIERS AND INCENTIVES 

Barriers 

The appl icat ion of computer technology to the building proce s s  has 
focused his torically on funct ions that are we l l  understood and quanti­
fiab le in logical terms . Examp les inc lude automat ion of  the draft ing 
process and construc t ion management support . The front end of the 
building process  has not bene f i t ted subs tant ial ly from aut omat ion .  
Automat ion support has occ urred where improved cost , performance , and 
effic iency are demonstrably ach ievab le . 

We be lieve automat ion wil l  bene fi t the front end of the bui ld ing 
proces s .  Barriers exis t ,  however ,  part icularly with respect  to the use 
of data bases in the early de sign stages . Whi le none of  the barriers 
are "show-s toppers , " they are rea l  and significant • Some barriers 
are : 

1. Func tional requirements have not been spec if ied for the data  
base . Wh i le thi s  workshop is  a s tart , we be lieve the front-end process 
has not been adequate ly desc ribed , nor has the need for automated 
support been c learly established . The process  sequence and the roles 
of part ic ipants  are not standard ized . 

2 .  No sponsor with incent ive and suf fic ient deve lopmental  re sources  
has emerged . The data-base ownership i s sue remains unre solved . These 
are a re sult  of given economic s  such as : 

• Development s are pe rceived as high-risk undertakings wi th a 
quest ionab le re turn on inve stment ; 

• The cost /pe rformance improvement s  are extreme ly di fficult  to 
predict and quantify ; 

• Industry prac t ices , suc h  as the exi s t ing fee s truc ture s ,  do 
not provide incentive s ; and 

• The potent ial bene f ic iar ies  have not estab l ished a marke t .  
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3.  While  spec ialized analy t ical  tools exis t ,  they often are no t 
readi ly access ible when and where nee ded . 

4. The tools  and models  mus t  serve , rather than drive , the proce s s ; 
t hey mus t  be capab le o f  evolving and providing f lex ib i l i ty ra ther than 
imposing barrie rs . 

5 . Too l s  and mode l s  can be perc e ived a s  a threat to the s tatus quo 
and any impl ied hierarchy of part ic ipants . 

Inc ent ive s 

In genera l ,  the incent ive s are : 

1 .  The bu i l d ing owne r has t he greate s t  incent ive t o  s e e  the sort 
of improvement s env i s ione d  here pu t in p lace . S ince ope ra t ion c o s t s  
are s uc h  a l arge f ac tor i n  the l i fe cyc le o f  a bu i ld ing , owne r s  shou ld 
have a maj or inf luenc e  on imp leme n t ing the s e  deve l opment s .  

2 .  In the l ong run , partic ipants have an inc ent ive t h a t  c ome s f rom 
improved dec i s ion mak ing and improved c o s t  c ont rol s .  

RECOMMENDAT IONS 

1 .  Imp rove d analyt i c a l  too l s  are ne eded t o  support dec i s i on mak i ng 
in the early programming , conc e p t ua l  de s ign and s c hemat ic d e s ign 
s t age s . The se too l s  mus t be sui t e d  t o  the informat ion ava i l ab le a t  the 
de s i gn s t age and p rov ide re l iab le and t ime l y  re s u l t s  to cont r ibute to 
teamwo rk in the bui ld ing p roc e s s . 

2 .  Re search and d i agno s t ic s on ex i s t ing bui ld ing pe r f o rmanc e , and 
on the re l a t ion be tween de s ign re s u l t s  and the e f fec t ivene s s  of c on­
s t ruc t ion ,  ope rat ion and ma intenanc e p rac t i c e s , are re qu i red to ve r i fy 
ana ly t ic a l  too l s  and t o  c re ate the re q u i re d  gene ric data . The s e  
re search e f f or t s  mu s t  gene rate t h e  ne eded fami l ie s  o f  ana l y t i c a l  t o o l s . 

3 .  Pub l ic , neu t ra l , inte rface d a t a  d e s c r i p t ions ( in f o rmat ion 
in te rface s t anda rd s ) are needed to a l l ow a lgori thms , s o f twa re and hard­
ware for p ro j ec t data bas e s , gene r ic dat a bases , and ana l y t ic a l  t oo l s  
t o  b e  deve l oped independent ly but a p p l ied integra l ly .  

4 .  Proj ec t s  for importan t  bu i l d ing type s shou ld be s t ud ied 
systema t ic a l ly ( f rom ear l ie s t  de s ign pha s e s  through c on s t ruc t ion and 
oc c upanc y ) t o documen t  needs for dat a and ana ly t ic a l  t oo l s , the d a t a  
management and ana l y t ic a l  techn i q ue s c urrent ly used , and t he i r  
e f fec t ive ne s s . A s t art ing po int and an evo lut ionary proc e s s  f o r  
integra te d proj ec t da t a  ba se s and de c i s ion s upport too l s  in t h e  e a r l y  
de s ign pha s e s  n e e d  t o  be e s tab l i s hed . A n  envi ronment c onduc ive t o the 
de ve l opment o f  ve r i f ie d , ra t i ona l ana l y t ic a l  t oo l s  mus t be e s tab l i shed .  

5 .  E f f o r t s should b e  made b y  maj o r  owne r-u s e r s , p ro fe s s iona l and 
t rade a s soc ia t i ons , and re search ins t i tu t ions to spons o r , c onduc t ,  and 
apply re s e arch for improved ana l y t i c a l  t oo l s  for dec i s ion mak ing in 
e a r l y  de s ign phas e s . 
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4 
DATA-BASE REQUIREMENTS AT THE PLANNING AND PROGRAMMING STAGE 

Fred Ki tchens 
As s i s tant Chief , Engineering Division ,  Savannah Dis tric t 

u.s.  Army Co rps o f  Enginee rs , Savanna h ,  Georg i a  

Th i s  presentation deals wi th t h e  planning and programming s tage of  a 
bui lding as  i t  begins and progre s s e s  through i t s  usable li f e . The 
Savannah D i s t rict  of the Co rps of Engineers i s  involved in the a rea of 
planning and programming by assist ing t he installat ions we support . 
There are a numbe r of  data elemen ts  that are genera ted in this s t age 
of a facility ' s  life . I wi l l  present wha t s ome o f  tho se da ta elemen ts 
are . The ca tegories of data elemen ts re late to  func t i onal require­
ment s ,  s i ting informat ion , ut i l i t i e s  to support the fac i l i ty , des ign 
c r i teria that inf luence the scope and fund ing , and , f i nally , cos t .  

THE U . S .  ARMY CORPS OF ENGINEERS 

In order to unders tand our ac t ivi t ies , I wi ll br iefly descri be the 
Corp s of Engineers o rgani zat ion and how we rela te  t o  other element s of  
the Army . The Corps cons i s t s  of 14 d ivis ions and 41  d i s t r i c t s  located 
throughout the world . The Savannah Di s t ric t , wi t h  which I am asso­
c iated , i s  located o rganizational ly wi thin the South At lant ic Divis i on . 
We are respons ible f o r  suppo r t i ng Army installation s in Georgia , Nort h  
Carolina and South Carolina , and A i r  Force bases i n  Georgia and North 
Carolina ( Figure 4-1 ) . Georgia ba s the large s t  numbe r of  Army and Air 
Force ins talla tions . Fort Jackson , which I wi ll talk about in more 
deta i l  as we proceed , is in  Sou th Carol ina , nor theas t  of Columbia . 

We are involved in all  aspe c t s  of a project from the beginning t o  
the end . Whi l e  we a re not direc t ly re spons ible for  programming and 
planning , we do tha t work upon re ques t in support  of the Army cus tomers 
we serve . Our prima ry function is to provi de engineering , des ign , and 
cons truc t ion support for Army and Ai r Force fac i l i ties . 

The Mil i ta ry Planning Sec tion of  t he Savannah Dis t ri c t  Engineering 
Divis ion i s  the interface for planning and p rogramming support for 
ins tal lat ions tha t reque s t  the se service s .  Anyone involved wi t h  the 
federal government recogni zes tha t un til  Congress appropr iates the 
money for a projec t , the re is no proj ec t as  f a r  as cons t ruc t i on i s  
concerned . However ,  the planning for that projec t  s t a rted many years 
before . 
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FIGURE 4-1 Savannah Dis tric t mil i tary boundary ( cons truc t i on and rea l  
estate ) . 

At any one t ime there are four ma jor overlapping pr ograms as  shown 
in Figure 4-2 . They are the MCA (Mi l i ta ry Cons t ruc t i on-Army ) ,  the FYDP 
( Five Year Defense Plan) , the POM ( Program Objec tive Memorandum ) ,  and 
the MACOM FYP (Major Command Five Year Plan) . A projec t  i s  generally 
f i r s t  ident if ied as part of the MACOM FYP and progre sses through the 
four ma j or programs ove r  an eight-year period . The firs t four years 
are genera lly the planning and programming years . The f i f th year , the 
guidance year ( GY ) , is par t  of t he MCA Program ; the final programming 
documents are completed and the project enters the de sign s t age of 
development .  

Many of  the data elements generated during those f i rst  f ive years 
of a projec t are needed in t he des ign stage spanning the guidance year 
( GY) , des ign year ( DY) , and budge t year ( BY )  of the MCA Program . In 
addition , many more data element s wi l l  be ini tiated  during these  years 
as a re sult of technical and management ne eds . 
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Time Now - FY 84 
.....----

py IICA I'YDP 
Years Years 

84 py 
85 BY - No . 1  
86 DY - No . 2  -

87 GY - No . 3  -

88 - No .4 -

89 - No . 5  -

90 85 - 89 -

9 1  

F IGURE 4-2 Progression o f  an Army projec t .  

- ---

POll IIACOII 
Years nP 

Yean 

No . 1  
' 

No . 2  - No . 1  
No . 3  - No . 2  
No .4 - No . 3  
No . 5  - No.4 

86 - 90 - No . 5  
87 - 9 1  

The DD Form 1391 is the documen t  us ed t o  ident ify a projec t and 
s ta t e  in general terms the fac i l i t y  requi rement s .  Items 1 through 10 
of the 1391  ( Figure 4-3 ) ar e standa rd on t he f i rst page of the document 
and represent the pro j e c t  on i t s  ini t ial submi t tal  for  cons ideration . 
In the guidance year the project i s  released , eighteen pa ragraphs of 
spec i f i c  data are added to comple t e  the 1391 wi th further jus t i f icat i on 
for the projec t . These pa ragraphs contribute additional data elements  
tha t wi l l  be  needed i n  various s tage s o f  the  projec t . 
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FIGURE 4-3 The DD 1391  form . 

INSTALLATION MASTER PLAN 

In order f or a projec t t o  be accepted as pa r t  o f  the program , i t  mus t 
be on the approved installat ion master pl an or an ac cepted s i te 
development plan . Mas t e r  planning i s  involved and divided into five 
ma j or phases . 
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Phase I is  an account ing of  the  existing facilitie s : Wha t i s  on  
t he s i te , how many bui ldings are  there , wha t are  they used for , where 
are  t hey located? Bot h  graphical and tabular information are nece s­
sary . Those maps have been t radi tionally prepared at  a scale of 
1 " -400 ' and have been used primari ly as a mas t e r  plan document .  They 
depic ted wha t was there and no mo re . 

Pha se  I I  i s  an analysis  o f  future requirement s ,  and ove rlays Phase  
I ,  the basic  informat ion maps . I t  superimposes new fac i l i ties that are 
required . Eve ry projec t i n  the MACOM FYP shou ld be ref lec t e d  in the 
Phas e  II  document . 

Phase I l l  shows the ut i l i t ies required and is  another overlay of  
t h e  bas i c  information and future requi rement s .  I t  shows no t only t he 
g raphic representation of t hose ut ilit ies , bu t al so includes s t udies  
and analys e s  to  determine wha t is  necessary t o  support a new projec t .  

Phase IV i s  the expansion capabi l i ty p lan for the ins tallat ion . 
I t  identifies  wha t can be plac ed on t he installation and answers t he 
quest ion of how many people could be accommodated under a peacet ime 
s i tuat ion? 

A mobi l ization mas ter plan cons ists  of the phys ical compos i t ion of 
the installa t i on and a plan for an orderly comprehensive development  
to support full mobi l i zat ion wi th the  capac i ty for to tal mo bilizat ion .  

AUTOMATED INSTALLATION GRAPHICS SYSTEM 

Since t he la te 1970s there ha s been a great deal of in tere st  in auto­
mating t he master planning proce s s . As a resul t of previous work by 
t he Savannah Dis tric t ,  we we re asked by TRADOC ( Training and Doct rine 
Command ) to evaluate  t he po tent ial for an Automated Ins tal lat ion 
Graphics Sy stem for Fort Jackson , South Carolina . A cont rac t was 
awarded to  Mid-States  Engineering in 1982 to crea t e  the interact ive 
da ta ba se and t o  develop the sys tem for managing and us ing the data . 

I unders tand tha t one of t he reasons Fo r t  Jackson wa s chosen i s  
because i t  i s  the smalle s t  installat ion i n  TRADOC tha t has  a l l  of the 
prerequi s i t e s  necessa ry f or a comple te  te s t  o f  the system . Even so , a 
large data ba se re sulted--approx imately 500 , 000 blocks of data . The 
bas i c  data i n  t he cantonment area we re  collec t e d  a t  a sca l e  o f  1" •100 ' 
and the rema inder we re at a scale of 1 " •400 ' . Da ta we re collec ted 
us ing aerial  photography , s tereo digit ization , and exi s t ing documents 
such as  ba sic  information maps and as-bui lt drawings . 

The resul ts  provid ed graphi c  da ta and non-graphic  attribute da ta 
for  access by users of computer-a ided design and draft ing sys tems . The 
sys tem also  has an in terac t ive graph i c  des ign sys t em and a da ta manage­
ment  and re t rieval sys tem .  The system ha s provided the ma s ter planner 
wi th the tools  nece ssary for  mas t e r  planning and for  use i n  programmi ng 
of facili t ie s . 

Let ' s  go back to the programming process . The functional data 
neces sa ry to  prepare the Form 13 91  a re obtained from the user and docu­
mented i n  t he PDB- 1 (Project Development Brochure s ) . Whi le all  of the 
information tha t i s  contained i n  the PDB-1 i s  not use d  in the Form 
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1391 , i t  i s  essent ial input to the des ign stage o f  t h e  projec t and , 
therefore , mus t be re tained . Af ter review and approval of the PDB-1 , 
t he front page ( i tems 1-10 ) of the Form 1391  i s  submitted  through t he 
MACOM to  the Department of the Army . If  considered a viable projec t ,  
the full Fo rm 1391  i s  prepared and submitted  for approva l . Mos t  o f  t he 
informat ion necessary for the Form 1391 is requi red during subsequent 
s tage s of  the pro jec t development . 

The Form 1391 is  generally prepared us ing the 1 3 91 Processor whi ch 
originated a s  a subsys tem of  t he Comput er-Aided Engineering and Archi­
tectural Des ign Sys tem ( CAEADS ) and i s  now a subsys tem of  the Mili tary 
Cons truc tion Programming Admini s t ration and Execution Sys t em (PAX) . 
Use of t he 1 391 Proces sor makes the information for each projec t 
avai lable through automated means to a l l  participant s in  the projec t  
development proces s .  A s  part of PAX i t  feeds the Program and Projec t 
Management Systems and , wi t h  prope r interface wi th CAEADS , could 
t ransfer da ta to  the de sign s tage . Using the 1391 Proces sor makes the 
information universally useful as wel l  as  enhances  the programming 
proces s .  The inf ormat ion i s  readily avai lable to all  off ices and 
partic ipant s in the approval proce s s ; it can be recyc led quickly as 
many t imes as necesary at each s t ep in the process .  

DATA ELEMENT CATEGORIE S 

The ma j or ca tagories of da ta elements genera ted in the programming and 
planning s tage are useful in bo t h  the programming document as we l l  a s  
input to t h e  des ign s tage . As now def ined , we s e e  the possibility o f  
having all  that  da ta ava ilable through automat ion . For example , func­
t i onal requ irements identif ied in the PDB can be automated ; master 
planning support sys tems , as developed f or For t  Jackson , can provide 
informat ion necessary for si te development and u t i l i ty support ; the PAX 
Sys tem can provide information f rom t he 1391  Processo r .  The co s t  data 
for pr og ramming support are under development . We are approaching the 
full capabil i ty to provide an  automated means of  providing dat a 
gene rated in the programming and planning stage to subsequent s t ages 
of  projec t development . 

The sourc e  of information genera ted in the planning and programming 
stage i s  we l l  defined . Howeve r ,  the usefulne s s  of  t he da t a  i n  subse­
quent s tages of the projec t  varies . Mos t  of the data are useful in the 
design s tage and , i n  varying degrees , i n  the construct ion and opera­
t i ons s tages . Time , money , manpower , and o ther re sources can be more 
efficiently used and more respons ive fac i l it i e s  can be provided to the 
user and the owner i f  we provide as surance that the data , once gener­
ated , a re prese rved and made ava i lable to subsequent partic ipan t s  i n  
the building process . 
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DATA-BASE REQUIREMENTS AT THE ENGINEERING STAGE 

Richard N .  Wright 
Direc tor , Center for Bui lding Technology 

National Bureau of S tandard s ,  Gaithersburg , Maryland 

Thi s ses s ion deals wi th da ta requi rements at  the engineering s tage . 
We are looking a t  an environment in which the re i s  an integrated 
project information sys tem or da ta ba se . This  i s  represented in 
F igure 5-l . Throughout the whole  history of  the bui lding projec t ,  from 
programming through occupancy , a va riety of pa rtic ipants can access the 
informa t ion sys tem t o  ge t the input da ta tha t they need to d o  thei r own 
da ta processing , carry out their  analyses , and make the i r  decisions . 
They then can put back int o  the sys t em t he output information tha t  is 
needed t o  inform other part icipants of thei r decis ions . 

There a re a couple of  things I wan t t o  mention t o  reveal  my own 
thinking . One of them i s  that as we wo rk through the whole bui ld ing 
proces s ,  we a re striving to produce a qual i t y  produc t ,  a bui lding that 
ha s a t tributes such as  usefulnes s ,  safety , and economy . A building 
s hould support i t s  intended purpose . The people who a r e  in i t  or a re 
af f ec ted by i t  should no t be subjec ted to  undue hazard s to life , limb 
and property . The building should pay back t o  t he inve s tors and the 
public a prof i t  on the re sources tha t  went into i t . 

Ano the r though t that I am tes t ing this we ek i s  tha t i f  we are going 
to achieve effec tive , in tegra ted computer-ai ded des ign , we need an o pen 
cons truc tion proce s s . I t  should be open i n  the sense tha t  i t  i s  
possible f o r  a va riety of people t o  c ompete fai rly for  the opportuni ty 
to pa rticipate as  a manufac ture r ,  as a designe r ,  as a deve lope r ,  or  as 
a subc ontrac tor to interact wi th the other partic ipants and the pro jec t 
information sys tem and make an effective cont ribut ion . Thi s  openne s s , 
as  well as extending to people , wi l l  extend to  the information .  We 
have secur i ty and pr ivacy problems , but people mus t  be able to get the 
inf orma t ion that they , need t o  carry out  their  role effec t ively . The 
informat ion systems need to be open to the variety  of hardware and 
sof twa re that the various pa rt ic ipants may posses s . 

A numbe r of you may have seen an article that Ken Reinschmid t wrote  * 
for Engineering News Record la s t  fa ll . Ken pointed out ve ry 

* 
K .  L .  Re inschmidt and D .  L .  Lersch , " Communica t ing Computers a 

Mus t , "  Enginee ring New Record , Septembe r  2 9 ,  198 3 ,  P •  62 . 
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f o rce fully and succinc tly the problems associated wi th the building 
c ommuni ty ' s  composi t ion of small busines ses and the forma t ion of a new 
team wi th each building projec t .  Each partic ipant i n  the process  i s  
working on a variety of pro jec ts wi th a va riety of d i fferent other 
par t i c ipant s .  Like a carpente r  wi th a ki t o f  tool s , each partic ipant 
ha s hardware and sof tware to support his or her other decis ions . He 
o r  she needs a process tha t is open and interact ive t o  exchange infor­
ma t ion wi th the other  part icipants . 

Another advantage of this  opennes s  is  that it wi ll suppor t innova­
t i on and improved technologie s .  Openne s s ha s a great  dea l  o f  value in 
terms of t he abi l i ty to support effec t ive innova t ion in a free market 
e conomy . For ins tance , a t  the National Bureau o f  S tandard s , we work 
to improve pe rformance prediction and measurement technology . If we 
make an improvement in the defini tion of wind loadings and you have a 
monol i thic in tegra ted system ,  how can you accept tha t improved def ini­
t i o n  of wind loading s in the des ign proce s s ?  An examp le of  thi s 
p roblem of non-openness may have oc cured wi th the S t ruc tural Des ign 
Language ( STRUDL ) sys tem. Las t  fall McAuto adve rtised tha t  STRUDL has 
incorporated the 1978 AISC speci fication . Thi s  is a lack of openness ; 
i t  took five yea rs to  make available the updated design criteria 
because they had to be hard-coded into sof tware . 

I have the s e  though t s  and background as I look a t  the da ta requi re­
ments for the engineering s t age . I don ' t p re tend to o f fer a view of  
the engineering design process  from t he viewpoint o f  an individua l  
d e s igne r . Wha t I d o  offer is a framework that may he lp i n  the 
d iscussion of  da ta requi rement s in the engineering stage . I wil l  walk 
through i t  quickly , then come back and look at some of the data 
requirements that occur at  the vari ous s tage s .  

THE BASIC PROCESS OF DE SIGN 

In th i s  proces s , shown in Figure S-2 , we star t wi t h  the func tiona l 
plan, es sential ly the planning and p rogramming s t age di scussed by Fred 
Ki tchens in Chapter 4 .  The func t ional plan defines wha t the projec t 
is s upposed t o  ac complish in a general sense . From the func t ional 
plan , t he des igner pe rforms a func t iona l analys i s  t o  de termi ne what 
cri teria have to be applied in order to ac hieve the intended func t ion . 
Conceptua l  design produc es a va rie t y  of solution scheme s tha t wi l l  me et 
those funct ional cri teria and fit the functional plan .  Environmental 
analys i s  lead s to a def ini tion of the environment in which each of 
those schemes would func t ion. A soc io-economic analysis leads to the 
object ive func t ions by which the de s igne r wi ll sort through the 
var ious schemes and designs to determine which is be s t .  

A proce ss o f  integrity  analys i s  follows for each scheme . Thi s  i s  
where t he designer  looks at a pa rt icular solution scheme and says : 
" How can thi s  bugge r come apa r t ?  What ar e i t s  fai lure mechanisms ? "  
For e ach pos s ible failure mechani sm appropriate ul t ima te c r i teria are 
deve loped t o  as sure a high rel iabi l i t y  of successful pe rformance .  
Then , after  considering the various fai lure mechani sms and the 
envi ronment ,  bo th na tural and func tiona l ,  it ' s  possible t o  d evelop t he 
mode ls that wi l l  allow you t o  predict the system ' s  performance . 

For each part icular scheme , the re  i s  the proce s s  des ign whe re a set  
of init ial proport ions i s  def ined . Using the analy tical model and the 
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F IGURE 5-2 The bas i c  process  of  design.  

model for the environment , i t  i s  po ssible to  determine how the system 
wi ll respond . Tha t response can be checked agains t the ult ima t e  cri­
teria and func tional cri teria to d e termine the ex tent to which i t  i s  
sa t i s factory o r  unsati sfactory . Generally , the design i s  no t con­
verged , and the process of sens i t ivity is considered to determine how 
changes in the des ign variables may lead t o  improvement in mee t iqg the 
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c r i teria  or in mee ting the object ive function. Thi s i s  continuously 
cycled unt i l  the de sign i s  converged and re corded . 

DATA REQUIREMENTS 

Havi ng walked through the proces s ,  we can address the da ta requirements 
tha t are genera t ed i n  each stage as shown in Table 5-l . If we look a t  

TABLE 5-l Data Requirements a t  the Engineer ing S tage 

Data Requirement s Input 

1 .  Funct ional analys i s  Generic da ta ba se and 
program plan 

2 .  Concep tual de sign Program plan , func t ional 
criteria , and generic 
data ba se 

3 .  Envi ronmental analysis Pro ject-specific data ba se 
and generic da t a  base 

4 .  Socio-economic analysis Pro ject specific da ta base 
and generic  data base 

5 .  In tegrity analysis S cheme solutions and 
generic data  bas e  

6 .  Modeling Scheme solut ions and 
simula t ion generic data bas e  

7 . Proport ion Projec t-spec ific da ta ba se 
and generic  da ta ba se  

8 .  Analyze 

9.  Review 

10 . Sens i t ivity 

1 1 .  Record 

Output 

Func tional Cri teria 

Scheme de f ini t ion 

Environment 

Ob jec t ive func tion 

Func tiona! and 
ultima t e  limitat ions 

Performance 
mode l 

Values for design 
variable s 

Response 

S tatus of  criteria 

Tes t  convergence 

Da ta file  

the functional analys is stage , we need p ro jec t-s pecific data f rom the 
func t iona l plan as we l l  as  generic da ta tha t  ind ica te  how th i s  type of 
system should perform .  

These da ta are es sent ial to def ine the func tiona l cri ter i a .  I f  we 
look a t  the conceptual des ign s tage , we nee d data from the projec t 
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information sys tem dealing wi th the functional plan and the resul t s  of 
the functional crite ria as we l l  as generic data about how to configure 
various solutions . 

In the environmental analys i s  s t age , we need a great deal of 
generic or projec t non-speci f i c  da ta such as how much rainfa l l  we can 
expec t while on Cape Cod . We need data from the project da ta f i le t o  
describe t h e  part s of the envi ronment tha t  wi l l  b e  cri tical i n  thi s 
part icular projec t-specif ic s i tuation .  Again,  for socio-economic 
analys i s , a grea t deal of generic da ta are requi red , in add i t ion to 
project specific da ta . 

Dur ing the integri ty analys is s tage , a la rge amount of informat ion 
i s  required from the projec t information system. Generic information 
i s  required to  de scribe what we know about failure me chanisms and how 
to provide adequa te rel iabi l i ty . 

Simi liarly , in the modeling stage , the criteria tend to come 
large ly from project  information systems but how t o  mode l  the per­
formance of va rious types of systems is ve ry much a ma t ter of generic 
information.  By  the  t ime we ge t to the design s tage , the participant 
can work in relat ive i s olat ion if  the c ri teria , ul t imate and func­
tiona l , describe the amoun t of "ratt le spac e "  ava ilable .  Thi s i s  t he 
amount of f reedom available to se t variables wi thout interferences .  
The re i s  much interac t ion , mos t  like ly wi th a local information syst em 
rather than a project informa t ion sys tem ,  because the des igner ha s 
s tarted sketching through various alterna t ive s . The projec t informa­
tion system is no t needed unt il we reach a converged design at which 
point the values tha t we ' ve se t for  t he s ignif icant design variables 
need to be recorded in the project information sys tem and made 
available to other part icipants . 

Thus fa r ,  I have been talking about this proces s as if  an ind ivid­
ual i s working in isolation . I t  i s particularly cri tical a t  the sche­
mat ic s tage tha t the des ign process be integra ted because we ' re ta lking 
about f i t ting together a distribut ion of func tions through space . The 
architect and the owner carry ma jor roles here . We ' re ta lking about 
how to de l iver the proper envi ronmen t--heat ing , vent ilat ing , a i r­
condi tioning systems , and othe r se rvices . We ' re talking about how to 
f i t  the se thing s  wi thin the s t ructure . Interact ive work i s  needed to 
assure that the schemes for the va ri ous sys tems can work togethe r .  

KEY ISSUES 

I would like t o  ci te a few key is sues about the engineering inter­
actions wi th the da ta  base . Fir s t , how can we make t he proje c t  da ta 
base support team work ? Our enginee ring jobs are no t f irs t ra te i f  all 
we can do i s sub-op t imi ze  wi thin a very l imi ted choice  o f  schemes and 
funct iona l criteria that have been imposed on us from above . Second , 
how do we provi de t he proper projec t to partic ipan t da ta  inte rfac e ?  
We have real problems about maintaining cons is tency and in tegri ty . 
Third , can we be sure tha t  t he various piece s  of information tha t  par­
tic ipants are us ing are cons i s ten t ?  How can we do this wi thout locking 
everybody ' s  hand s ?  Finally , do we provide the kind of  inte rface s  tha t  
wil l  support the automa ted exchanges o f  da ta among the pa rtic ipants in 
the des ign proces s ?  
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DATA-BASE REQUIREMENT S AT THE ARCHITECTURAL STAGE 

Harold Borkin 
Pr ofessor of Architec ture , College of Archi tec ture and Urban Planning 

Univers i ty of  Michigan , Ann Arbor 

BACKGROUND 

I ' m a researcher and an a rchitect  who ' s  t rying to develop computer­
ai ded des ign in archi tecture . I wi ll at tempt to explain what i t  is  I 
am t rying to  achieve and some o f  the experiment s we have been worki ng 
on over the years . The research me thod of the group wi th wh ich I am 
involved i s  one of ac tion - research a s  opposed to theore tical research,  
although , our  current work in  computer-aided design has a theore t ical 
bas i s .  We don ' t be lieve tha t you should s i t  in the universities  wi th 
large groups of researchers and think about things and then wri te 
papers that  s ay the se are the answers to a l l  your problems . Our mode 
of work i s  ba sed on interaction wi th people and real problems at many 
scale s .  I plan t o  describe t o  you whe re we started , wha t  our ideas 
are , how they are developing , wha t  we ' re wo rking on now, and wha t the 
process i s . 

Let me f i rs t  give you an i dea about what I think archi tectural 
de sign i s .  I f  you strip  away a l l  o f  t he mys tique o f  art  and sc ience 
of des ign , you are left wi th the idea that design is c reat ive descrip­
tions . You ' re bui lding a mental model  of a bui ld ing tha t , a t  first , 
may be an ext remely priva te model . Later , you may tell a c l ient about 
it . You may then tell other people abou t i t . Fina lly , you have to 
turn the model into a formalized description that you can g ive to 
someone else  to build . 

I t  is essent ial ly a que s t ion of mode l bui ld ing . You s tart wi th a 
set  of  requi rement s  and conceive a conceptual mode l .  Tha t model grows 
over t ime , ge ts more complex , changes , and t ransforms i tself . What 
tools  do we have to bui ld these mode l s ?  The conventional tools  are 
those that archi tects have used for a number of years : certain kinds 
of drawings and certain kinds of descriptions used to communicate wi th 
others . Architects formalize descript ions us ing ce rtain pa t terns on 
which there is universal agreement . 

COMPUTER-BASED MODELS 

Our. re sea rch is focus ing on the kinds  of mode ls  that can be bui l t  
wi th a computer . Can those models help the des ign proce s s ?  If  a model 
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is bui l t  on a compute r , does tha t  model have any characteristics  that 
can help one to design? Wha t kind s  o f  mode ls can be built  on a 
computer tha t track through the design process ? Wha t i s  the purpo s e  
of looking a t  any design model? The key i s sue concerns the usefulness  
of  computer-based mode l s . I wi l l  expla in some characteri s t i c s  about 
these models . 

First , by building a mode l of a project on a computer , one should 
be able to conduc t evaluations of the proposed projec t on the computer  
and answer the ques t ions : Does i t  mee t  the problem? Wha t will i t s  
technical pe rformance be? Wha t wi l l  i t s economi c pe rformance be? If  
those ques t ions can be be t ter answered by a computer model than by a 
paper mode l , then the des ign proces s  i s  aided . The answer s to those 
performance ques tions are important at any s tage in the design proce s s . 

The second i s sue concerns the changing procedure s of des ign : Wi l l  
this model al low one t o  u s e  the procedures o f  i terat ive des ign be tter ? 
Can one genera te more alterna t ive s ?  Can one evaluat e  them bet ter ? Can 
these things  be under taken wi thout a huge inves tment ? Can one s t i ll 
ge t t he same kind s of  informa tion from a computer mode l  a s  from a pap er 
model? 

The third i s sue concerns i teration ve rsus optimization : Can one 
use improved design procedure s ?  Can op timizat ion be used , ins tead of 
jus t  i tera tion .  Can one ask for and receive the bes t  pa rts  o f  the 
des ign? Is one encouraged to  invent different design procedure s wi th 
the hope of making improvement s ?  

The fourth is sue concerns the ac tual model . Does i t  support 
mul t iple views of the building ?  Is t he model idiosyncra tic  t o  the 
archi tec t or does it al low others to view i t  in d i f ferent ways for 
different reasons . Does i t  have any life  after  tha t t he design phase 
of the pro jec t ?  

These are the four crit ical  is sues about bui lding a computer model 
of a proje c t . Whi le others may have di fferent criteria for deciding 
on what i s  necessary for an improved model , I believe i f  I could 
address these  i ssue s on one mode l  o f  des ig n ,  I could produce bet t er 
building s .  

I have some ideas about how you build these models . Whi le i t ' s  
diff icul t t o  do in de tai l ,  the idea s are s imple . Firs t , the da ta  ba se 
tha t support s the model does no t have to be pa rt icularly intelligent , 
although i t  mus t  be cons istent . The intel l igence should originate from 
the input and output rout ines that allow users to put da ta in and get 
data out . The internal struct ure of  the model can be much more generic 
and s imple . 

Th is idea was a big breakthrough for us . Int erfaces , tha t make 
things work f ine f or a part icular cla s s  of user s ,  should be kep t  out 
of the core data base and implemented as a separate input func t ion. 
These can change depend ing on the user s .  

In the beginning we put together a sys tem that had a lot of flaws 
so tha t people could experiment wi th computer modeling . Ou t of thi s 
f i rs t  experience we f ound a whole se ries of mis takes . We mixed up the 
user  func t ions wi th the par t s  of bui ldings and discovered a whole set  
o f  inconsistencies . We learned that there are two charac teris tics a 
model mus t  have : ( 1 )  i t  ha s to  be capable of modeling the objec t s  that 
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make up the building , and ( 2 )  it ha s to be capable of  modeling the 
re la tionships be tween the objec ts that make up the building . 

What are the objec ts tha t  make up the bui lding? Archi tec t s  deal 
wi th space , and in the beginning there were not very good models of 
space for computer s . We tried to de termi ne wha t  i s  a reasonable 
sp a t ial model .  We spent a lo t of t im� looking at da ta s t ruc tures 
bef o re abandoning tha t approach .  Finally , w e  concluded tha t we could 
model space if we could use the ma themat ical concepts of s e t  theory on 
spatial  model s .  Th i s  allows the operat ions of union , intersec t ion , 
and d i fference to be performed on three-dimens ional space . 

Thi s  development was no t an ea sy proces s ,  but the abi l i t y  t o  apply 
se t  theory t o spatial problems tu rns out to be a powerful tool for real 
problems . We appl ied it in complicated problems such as inte rfe rence 
problems in a power plant de sign . We did some prac tical work on power 
plant piping using those idea s . We asked if we rea lly wanted t o  
identify everything about the project o n  a spa tial model . I t  became 
clear tha t the spac e o f  any obje c t  was jus t an att ribut e , l ike i t s  
c olor and we ight . Once we reali zed that the space something occupies 
is jus t anothe r att ribute , we could deal wi t h  any attribute s  of  
object s  wi thout great diff iculty . 

We were now able to  deal wi th the relat ionship be tween things . 
Certain things are related by name or pa rt numbe r or function . Others 
are re lated by the ir space , e . g . , this is  near that or thi s  i s  far 
away . You can ask quest ions about spatial relat ionships  i n  t he same 
manner that you can ask generic quest ions . For example , you can ask 
for all of the e lemen t s  that  are concrete , or  all the elements that a re 
concrete in a certain space , or all of the concre te element s that are 
wi thin 10 fee t of  each other . These are a l l  spatial i ssue s tha t  have 
to be suppor ted in a model . 

We did develop a simple , expe rimental modeling system that pu t 
the se  concept s toge the r ,  and we t ried t o  apply i t  t o  some working 
situat ions . We built  a re lat ional da ta ba se that had the concept  of  
relat ions and domains . Domains are the columns in a rela t ional data 
base . They are drawn over some thing tha t has common va lues , and they 
exi s t  acro s s  rela t ions . For example , a doma in could be a da te  or a 
cos t . One o f  the domain types tha t we developed wa s that of shape . 
This could be used t o  re present the space tha t  some thing occupied .  If 
an ob jec t had a domain tha t  wa s shape , we had special procedures in 
order to  ask quest ions about space . We could draw t he space , and we 
could perform set opera tions on i t . We could model things us ing those 
attributes  by put t ing space and objec t s  toge the r and asking questions 
about their re lat ionships . 

CONSI STENCY 

One intere s t ing area that emerged whi le developing this model concerned 
the cons is tency of da ta base s .  For every domai n ,  a candidacy procedure 
can be invented so that no value can exist  under this domain i f  i t  does 
no t meet  these cri teri a .  This is one way to assure consi s tency .  For 
example , if one of the domains of the da ta base is the s tart ing da te 
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of a project and i f  someone enters a date prior to the starting da te , 
a candidacy procedure would deny en try because that date wa s before the 
starting dat e  of the projec t .  Whi le thi s is a very s imple candidacy 
procedure , elabora te candidacy procedures can be wri t ten . For example , 
you canno t put thi s objec t i n  t he da ta base  unless certa in othe r  
objects are there , o r  you canno t put thi s  object i n  the da ta base i f  
i t  inte rfere s wi t h  another objec t , o r  you canno t bol t  a copper obje ct 
to a s teel objec t . Candidacy procedures can be wri t ten in any number 
of ways to keep cons i s tency i n  the data  base . 

We perf ormed many experimental projects f rom nuclear power plant 
modeling to convent ional bui lding s . Wha t d i d  we discove r from thi s 
experience? One lesson was that cand idacy procedures were very di ffi­
cul t t o  describe and wri t e . They are spec i f i c  to the project and are 
diff i cul t to def ine . Someone ha s t o  ask what are the rules to  operate 
this model . These rules are of ten not explici t and are usually subject 
to change . 

These domain candidacy procedures are developed f rom knowledge such 
as knowing that copper can not be bolted  to steel because of an adverse 
me tallurgic reaction .  For example , you don ' t want to develop a rule 
that  no two thing s  can occupy the same space at the same time , even 
though at f i rs t  this may seem true . Take the example of a concre te 
s lab that has to have some inser t s  put in i t . The question then 
becomes : Do we want to deal wi th the concrete slab minus the inserts  
plus the insert s ,  o r  do we s imply wan t  to put  t he inser t s  in the 
concrete s lab . It  has to do wi th how we want to think about the 
problem. We found tha t there needs to be more research undertaken in 
the area of maintaining cons is tency through the rules or the domain 
candidacy procedure s .  We need to unders tand be tter wha t goe s into t he 
da ta-base  rules . 

We a l so learned tha t you have to develop special ways of ge t ting 
data into t he model . As we bui l t  this mode l ,  we chose two editor s .  
One ed i tor allows u s  t o  edi t  re lations that look like tables o r  a 
spread shee t .  The other edi tor allows us to  edi t  geometrie s .  Describ­
ing a fa irly complicated bui lding using these edi tors i s  no s imple 
mat te r ,  but i t  can be accompl ished i f  the design is nearly comple te . 

How to design a building wi th these da ta-base tools is a d i f ficult 
and challeng i ng problem . We need t o  know the dynami c s  of design 
development and changes . We are currently working on part of the 
CAEADS projec t tha t  uses the idea of a cent ral da ta base tha t  grows and 

* 
interac t s  wi t h  a group of use rs who are trying to des ign something . 
We place much emphasis  on the way models are built  up . We are looking 
at a central data base tha t wi l l  allow the use of many analysis tool s .  

CAEADS involves a fa i rly s imple early description o f  the building 
tha t allows the inte rface to a number of  analys i s  routine s .  The 

*
computer-Aided Eng ineering and Architec tural De s ign Sy stem .  

Sponsored by the U . S .  Army Construction Engineering Research 
Labora tory . 
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central data base can be used to suppor t  a varie ty of  design activi t ies 
required for the project . I t  is an evolving sys tem that involves space 
allocation for concept design in order to ge t s tarted in the des ign 
p rocess . 

Some o f  the da ta elements are the ac tivi ties , equipment , f inishes , 
furni ture , f loors , materia l s , opening s , rooms , stairs , and walls  o f  the 
p r o j ec t .  We capture information about the s i te and the s t ructural 
s y s tem . The se are all integrated and can be used across  disciplinary 
l ines . 

We are now looking a t  new ideas about dynamic des ign and ma intain­
ing cons is tenc y in the data base . We are attempting an experiment to 
use a language tha t models data bases and also models rules wi th the 
addi tion of spatial modeling to see whethe r we can model  an integra ted 
de s ign wi th that language . We have been wo rking wi th PROLOG , a 
language tha t  builds a data ba se so tha t  t he element s o f  the da ta ba se 
can a l so be wri t t en as rules in the da ta base . Thi s  gives data 
e lement s  and rules tha t externally look exactly the same . I don ' t  
think i t ' s  anything other  than an experiment right now. Some people 
have talked about using thi s  as the bas i s  for  design and wri t ing design 
s o f tware . I t  certainly is  a way of experimenting wi th this idea of 
r ules and data  bases . 
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DATA-BASE REQUIREMENTS AT THE CONSTRUCTION STAGE 

Jack Enrico 
Manager for Cos t  and Schedule ,  Becht el Power Corporat ion 

Norwal k ,  California 

I am go ing to be pret ty bas ic wi th wha t I wi l l  tell  you about data 
r equirement s  f or cons truc t ion , and I int end t o  use my expe rienc e wi th 
Bechtel to de scribe how our da ta requirements  fo r  cons t ruct ion evolved . 
In certain areas we have t o  adjus t t o  t he same issue s tha t  have been 
r e peatedly ra ised at this wo rkshop . In others we are unique because 
we deal most ly wi t h  the contruction of private , rather than government , 
f ac i l i t ies . For thi s reason , there are certain thing s  that inherently 
go into our data bas e  because o f  t he way we are organized and do 
bus iness . 

As you can see in F igure 7 -1 , we concern ourse lves wi th pre­
projec t , systems planning , s i t e  acquisit ion , and so  on . We have worked 
hard to make the da ta f l ow and interfaces wo rk . One of the key points 
cons idered when we look at data i s  the cont rac tural requirement s of 
that project . They have a t remendous e f fect on the kind of informat ion 
I wi l l  need as  a s i t e  manage r .  I have t o  evalua te  the risk involved 
in wha t I ' m going to cons t ruct , and let it determine the informa t ion 
I ' m going to need . I also have to  consider t he extent of my respons i­
bi l i t ie s  and decide wha t my interface wi th others wi l l  be . Needles s 
to say , the se can considerably change my information need s . 

At Becht el , we have developed a data ba se that accommodates these 
as  we l l  as other factors that  inf luence the content of  our da ta base . 
Our sys tems are modular so tha t we can ad jus t  to the contract form ,  and 
we can sca le t he deta i l  in the sys t em to accomodat e  our respons ibi l i­
ti e s .  Considerable emphasis  has also been placed on ident ifying data 
element s  critical to  our work process and ass igning respons ibi l i t y  for 
their integrity . 

PROJECT INFORMATION SYSTEM 

Figure 7-2  is a representation of our information system .  All o f  the 
ac tivi ties shown in the boxes are computeri zed . Some of them are 
interac t ive , depending on whether we need the response tha t  an inter­
act ive sys tem provides . The right side is  our " bean counter . "  I t  i s  
made u p  o f  t he day-to-day systems tha t  suppo r t  t h e  work each of the 
functions shown perform . As you can see , cons t ruction i s  one of the 
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s ix func tions . The day-t o-day sys tems are inte rfaced wi th a sophi s t i­
cated management informa t ion system that integrates al l the day-to-day 
da ta into project  and management repor t s .  The da ta flow shown in 
Figure 7 -1 is fundamental to  this proces s .  Also fundamental are 
clearly defined user responsibili t i e s  a s  they rela t e  t o  da t a  integri ty . 
This is  because the flow of data from concept through t urnover makes 
the downstream use r tota l ly dependent on the t imeline s s  and quali ty of 
data provided by h i s  upst ream in terface . Cons t ruction , because of i t s  
pos i t ion i n  t he f low , has t he mos t  t o  lose i f  da ta integri t y  i s  no t 
maintained . 

CONSTRUCTION DATA REQUIREMENTS 

I t  i s  fairly s imp le to think about wha t  data is needed in the cons t ruc­
tion phase ( F igure 7 -3 ) .  As s i t e  manager , I just need to know what you 
want me to bui ld , how much work i s  involved , and wha t spec i f i c  compo­
nents need to be ins talled . To do thi s ,  you need to tell me when I 
wil l  receive an ins tallation drawing and when you are going to have t he 
ma terials delivered . Cons t ruc tion basically deals wi th descriptions 
and da tes tha t  a re provided by other s .  In mo s t  ins tances , bas ic da ta 
requirement s are the same , and the sequence shown in F igure 7-1 wi ll 
apply regardles s  of t he complexit y  of the projec t . 

COMMUNICATIONS 

Passing information from one pha s e  to anothe r ha s always been a problem 
because ,  to be useful , data  mus t  be rest ruc tured to f i t  the requi re­
men t s  of the phase in which they wi l l  be used . Figure 7-4 illustra t es 
this problem.  For example , engineering des igns and informa tion from 
tha t design , such a s  spec if ications , purchase  order s ,  and vendor draw­
ing s ,  will all  be ident ified in t hat engineering sys tem . Cons t ruc tion 
builds by area /volume ; therefore , t he cons tructor needs engineering to 
unders tand what is  intended to be bu ilt f i rs t , and what ma terials and 
drawing s wi l l  be needed . The data-base  numbering system mus t be st ruc­
tured to accommodate these dif ferent requirements , ye t do i t  wi thout 
dest roying the integri t y  of the engineering or const ruction individual 
numbering requirements . 

COMPONENT NUMBERING 

We expected the p roblem jus t de sc ribed to be d i f f icult to so lve , ye t 
found i t  t o  be one of t he easies t when we cons idered tha t cont rac tors 
bui ld wi th component s , i . e . , put ting in a li ght f ixture , installing a 
valve , or laying a piece of pipe . Since component s are ident if iable , 
we felt  tha t the component number could p rovide the common thread 
through our ent i re process , and we we re right . In our sys tem the com­
ponent number becomes a part of the sys tem the moment an e s t imator 
creates  an est imate , t he moment a schedule is made , and t he moment an 
engineer begins a design .  Obvious ly , this concept i s  dependent o n  a 
set  of ve ry rig id numbe rs  tha t i s  carefully specif ied and unders tood 
by everyone . 
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PROJECT COMPUTER ENVIRONMENT 
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FIGURE 7- 3  Proj ect compu ter environment .  
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COMMUNICATION 

� ENCI-SYSTEII AIIEA·VOLUME 5U-SYSTEM -

I 

I 
I 1 I LEADME r-

DETAILED DESIGN CONST. ACTMTY 

AIIEAJELEVATION 
DRAWINGS 
MATERIAL USTS 

DESICN CONTilOL 

-piAWING-
CONTilOL 

SPEC. r-CONTIIOL-1 1.._:---AREA/ELEVATION CONTROL --.... 
.... .  ---------------------- MA� CONTIIOL ----------------� 

F IGURE 7 -4 Communica t ion . 

DATA CAPTURE 

Qllll 

We are ve ry dependent on a dat a  dictionary i n  our work because i t  i s  a 
very d i sciplined system.  In the dict ionary , data elements are defined 
and input requirment s  are specified to insure data int egri ty . As wi th 
all systems , da ta integri ty plays a very s ignificant part in succes s 
or fai lure . Figure 7 -5 i l lus tra t e s  how we cap ture data  at  the source 
and at t he moment it is originated . At the top are s teps required to 
de sig n ,  purchase , 

"
and insta l l  a pump .  At the bot tom are illustrations 

of data . In this manner ,  we ac tually make the source person respon­
s ible for t he integri ty of his  or her assigned dat a .  Th i s  approach 
has va s t ly improved the quality and t imel iness of the data ba se . 
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BUILDINC A RECORD 
ILLUSTRATION USINC A PUMP AND THE 

EQUIPMENT SYSTEM 
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FIGURE 7- 5  Building a record illustration using a pump and the equipment system .  
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CONCLUSION 

1 have t ried to po int out so .. of the aa jor cons idera tions used in our 

approach to a da ta base . I have stressed that cons t ruction is princ i­
pa l l y  a user of da ta ra ther than a generator of da ta . In that sense, 
i t is total l y  dependent on t he ti .. liness and quali t y  of da ta provided 
by o t hers . I t  i s  evident tha t data capture , da ta handling , as well as 
a clear def in i t i on o f  da ta requireaent s ,  are essential t o  the effect ive 
use of a da ta base in the cons t ruc tion phase . 

I 
, 
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DATA-BASE REQUIREMENTS AT THE FACILITIE S MANAGEMENT STAGE 

Douglas Nicholson , Senior Vice Pres ident 
Cushman and Wakefield , New York , New York 

I ' m an industrial eng ineer who has spent much time working in t he 
programmi ng phase of the building proces s .  My bus iness  does no t 
involve writ ing the bui lding program as  much a s  writing a long-range 
real es tate program , i . e . , te lling a company how much and what  type s  
of spaces i t  wi ll need in t h e  future . 

Cushman and Wakef ield manages over 70 mi llion · sq . f t . of space and 
has a project consulting department t ha t  manage s  rea l  esta t e  project s .  
The f irm he lps acquire the land , hi res the design team ,  gives them a 
program , and manage s  the des ign/build proces s .  Cushman and Wakef ield 
owns Building Programs Internationa l of wh ich I am chairman . Thi s  f i rm 
does much research for  the Internat ional Facilities  Management Asso­
ciat ion ( IMP A) • 

!MFA ha s co�ple ted 
comme rcial bui lding s .  
from that s tudy that  I 
This s tudy is  based on 

a re cent unpublished study on the management of 
I have selected some finding s  and s tat i s t i c s  
thought would b e  worthwhile for t h i s  group . 
a preliminary analys i s  o f  the IFMA data bas e .  

IFMA DATA BASE ANALYSI S  

Fac i l i ty Management Responsibil i t ies 

IFMA sent a quest ionnaire to its  members  concerning facili ty management 
respons ibi l i t ie s .  Over 130 responses were received . The respondent 
group can be described as follows : The average s i ze of facilitie s  is 
1 . 5  mi llion s q .  f t . , ranging from 2 2 , 000 to more than 24 mi llion sq .  
ft . Typically , facilitie s  management re spons ibi l i t ies are split  among 
two or three groups in the organization. Forty percent of the respon­
dents were in fac ili t ies departments ; 30 percent in adminis tra tive 
services department s ;  10 percent in architecture and des ign , bui lding 
services or real es tate department s .  Faci li ties-related groups are 
usually located two or three level s  below t he vice-president ' s  leve l .  
Th i s  is  usually true regardless o f  the s i ze o f  the organizat ion . One 
of the problems in facilities  management i s  t he lack of acce s s  t o  
senior management and , consequently , their d i s tance f rom key deci sions 
about how thing s are managed .  This i s , obvious ly , more a pol i t ical 
problem than a da ta-base problem .  

6 3  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e p o r t  F r o m  t h e  1 9 8 4  W o r k s h o p  o n  A d v a n c e d  T e c h n o l o g y  f o r  B u i l d i n g  D e s i g n  a n d  E n g i n e e r i n g
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 6 4

http://www.nap.edu/catalog.php?record_id=19264


64 

Clusters of  Re sponsibi lities 

The IFMA study looked at three types of responsibili t ies ca lled 
" clus ter s . "  These c luster s  can be described a s  ( 1) a space manageaent 
cluster , ( 2 )  a long-range planning c lus ter , and ( 3 )  a ma intenance 
clus te r .  Th e  three clusters ,  by defini tion ,  a r e  typically done by 
dif ferent groups . 

Space Management Clus ter The space management cluster of responsi­
bilities  is the mos t  complex , and comprises ten main jobs and seven 
peripheral ones . The ten ma in re spons ibilit ies in this  c lus ter are : 
init ial planning of interior s ,  replanning , furniture specif icat ion , 
space inventory , space forecasting , space standard s , minor change s ,  
major  change s ,  moving crew , and ins tallat ion crew. The seven peri­
pheral respons ibi l i t ies , wh ich are re lated somewhat weakly to the main 
clus te r ,  are : capi ta l , opera t ion s ,  furniture budgeting , evalua tion of · 
design and user satisfac t ion ,  furni ture maintenance f inishes 
maintenance , and space allocation . 

Thi s clus ter of responsibi l i t ies i s  usually handled by an 
administrat ive services group in sma l l  organizations ( under 500, 000 sq . 
f t . ) ,  by an architec ture/design group in medium large organizations 
(500, 000 s q .  f t .  to 2 . 5  mi llion sq . f t . ) ,  and by a faci li ties  group in 
ve ry large organiza t ions ( over 2. 5 million sq . f t . ) .  

Interes ting f indings about the space management cluster include : 

• Major changes and minor changes are of ten done by different 
groups . 

• The cutoff point between ma j or and minor changes ,  is in the 
range of $5, 000. 

• Furni ture budget ing is adminis t rat ively unrela ted to bo th 
capi tal and operations budget ing and is usually done by the group 
re spons ible for replanning , space inventory , and furniture 
specif i cation.  

• Cap i tal budgeting , on the other hand , is usually done by the 
group involved wi th design and user evaluation or ini t i a l  planning . 

• Opera tions budgeting is usually done by the group responsible 
for furni ture maintenance . This is the only budget ing proce s s  t ha t  
involves a build ing services department t o  any extent . 

• Furniture maintenance and maintenance of  interior f inishe s are 
admini strat ively unrela ted to each other . 

• Space allocation is largely unrelated to seemingly similar 
re sponsibi li ties such as space standards , des ign evalua t ion , and 
interiors planning . 

• Des ign evaluat ion and user sa t isfaction evaluat ion are done by 
the same group tha t does capital planning of interior s .  

Long-Range Planning Clus ter The second c lus ter of respons ibi l i t ies 
cons is t s  of t he long-range facility  planning func t ions . Senior manage­
ment seems to handle long-range planning independent ly ,  ge t t ing input 
from mult iple group s , but re taining overal l responsibil ity . In the 
smaller survey , organizations (under 500, 000 sq . ft . )  re ported senior 
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management ' s  involvement mo s t often.  In  large organizat ions , senior 
management is  involved mainly in long-range planning and no t so often 
in short and medium long-range planning . 

Maintenance Cluster The final clus ter of  re sponsibil i ties can be 
called maintenance o r  housekeep ing . Th i s  cluster cons i s t s  of  house­
keeping , t rash d i sposal , preventive and breakdown ma intenance , and 
maintenance of t he building shel l  and grounds .  

Inte res t ing findings in this clus ter include : 

• The se re sponsibilitie s , more than any other , are contracted out . 
• The smallest and the larges t  organizat ions do the mo st 

contrac t ing . Organizations between 2 and 4 . 5  mi llion sq . f t .  tend to 
do more of t hese respons ibilities in-house .  

• Building services department s are usually involved in al l these 
responsibi l i t ie s . 

• In small organiza t ions , adminis trat ive services departments are 
involved as  well . 

• In very large organizations , faci lities  departments , ra ther than 
adminis trat ive services , are involved . 

Summary The p icture that emerges i s  one of some f ragmentat ion of 
facili ty respons ibilities . Clus ter s of responsibilit ies are adminis­
tratively separa ted . Some re spons ibili t ies that appear to be rela ted , 
such as  different type s of budgeting , are of ten performed by d i fferent 
group s .  Neverthel ess ,  in the opinion of  the analys t s  the respons i­
bilities are much more integrated than in a s imilar survey done four 
year s ago . Further analysi s  may reveal size or industry-related t rends 
as well . 

Staffing 

A second que s tionnaire drew responses from over 100 IFMA member s .  The 
"average " respondent ' s  group ha s a fac ility-related s taff of 11 pro­
fessional s ,  15 trade speople , and eight suppor t  staf f .  These numbers , 
of course , vary widely depending on s i ze of the company and how much 
work is cont racted out . 

On t he whole , the number of professional s  on s t aff is  d i rectly 
related to the square footage of the faci lities . The numbe r o f  t rades­
people is much more st rongly re la ted to the degree to which services 
are contracted out than to  the number of square fee t .  The number of 
suppor t people is related to the degree to which the department has 
other non-facility responsibi lities , implying a sharing of  support 
staff wi th other functions . 

COMPUTER U SE IN FACILITY MANAGEMENT 

Another ques tionnaire on computer us e sent by IFMA resulted in 2 5 2  
response s .  Although t he use of computers varies widely , it  i s  evident 
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that the trend is well-established and growing quickly . I include here 
some of the highlight s of this report . 

The use of computers in facility management appears to  be in an 
early s t age of development . Sys t�ms in use are ,  on the average , 
only 3 years old , and there are many vendors ,  o f  which very few are 
used by more than one re spondent . Nevertheless , the use of com­
puters in facility management is fairly widespread , with 41 percent 
of respondents now using computers and 33 percent planning to do 
so  in the next two years . 

Alphanumeric programs , including inventory control and project 
management , appear to be mos t  important to users as well as the most  
frequently used applications . Computer use and the number of applica­
tions were found to be related to certain organizational character­
is tics . 

What Kinds of Organizations Use Computers for Facility Management? 

By using responses to earlier questionnaires , several characteristics 
of responding organizations were examined to see if they related to the 
use of computers in facility management . The characteristic s were :  

• Size of facilities managed ; 
• Indust ry type ; 
• Kinds of facilities managed ; 
• Use of design standards ; 
• Facility budget size as a percent of corporate operating 

expense s ; 
• Facili ty expenditures per square foot and per employee ; 
• Dispersion of facility management responsibility; and 
• Facility management workload ( number of major and minor work 

order s ) . 

We also found industry differences . The financial industry ( banks and 
insurance companie s )  seem to  be the slowes t  to use computers , manufac­
turing companies generally are fu ture users ,  and utilities companies 
have the highe s t  proportion of current users . 

INTENT IN PROGRAMMING 

At las t  year ' s  workshop , I noticed that the buzzword mos t  often used 
was " algorithms . "  This year , I would like to introduce a new word: 
"holis tic . " The major problem I find when I span the entire building 
process is that a different data base exists  for each of the phases . 
Different da ta base s , computer-based or otherwise ,  exis t even within 
discrete segments of the process .  

For example , the programming ef fort is  carried out by many people . 
"Programmers"  include the use r ,  the professional programme r , the regu­
lators ,  and the financiers . The designer , engineer , interior designer , 
builde r ,  major subcontractor s , and fabricator all have a hand in 
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carrying out the original intent ions of  the program . The programming 
effort should span the entire building process instead of be ing 
prepared by one group and then g iven over to the designers who may or 
may not use i t  effec t ively . 

A number of  years ago a learned co lleague of mi ne pointed out that 
in the field of consulting , of which programming is  a category , 90 
percent of the accepted consul ting report s  we re never adapted . His 
reason was tha t managers , who may have created the problem in  the f i r s t  
place , re ceive a report and c a n  no t f ind anywhere to  u s e  i t . My 
busine s s  ha s learned t o  adopt thi s  lesson in tha t we do no t produce a 
"program" a s  an end unto i t self . A program i s  an ongoing thing that 
evolves out of  interaction.  You s ta r t  wi th a beginning statemen t  of 
goals , then evolve it and enrich i t . The real program is a re sul t o f  
tradeof fs  be tween t he mechanical versus structural versus electrical 
versus design and so on. Jus t hand ing over a printed statement of 
things to be done does not resul t i n  a program be ing followed . Unless 
the p rocess i s  i nteract ive , spanning the entire bui lding process , the 
program probably wi ll not work. 

The program mus t  be seen as a developing process . I t  should ge t 
broader and r iche r ,  and take in the data tha t are relevant a s  i t  
proceeds through the proces s .  By the t ime one ge ts t o  the faci lit ies 
management phase , a good and comple te program should exis t .  Program­
ming is now concentrated in the f ront end and is too of ten ignored . 
One of the step s to improve da ta management at  the facil i t ie s  manage­
ment end of the process is to have that da ta s tart off  at a minimum 
bas i s  in the programming s tage and bui ld i tself through the proce s s  
unt i l  one ends u p  wi th,  li terally , a user ' s  manual . 

This use r ' s  manual can be a computerized data base , thus easily 
manipulated . I t  would add something ve ry few programs ever contain , 
vi z . , intent . Intent i s  no t just  the resul t--for example , the HVAC 
must deliver a certain amount of heat--but includes the ra tionale and 
de tails  about who is go ing to be af fected . 

Because design of  a commercial bui lding involves a team of people 
through the bui lding proce s s , i t  is l ikely tha t the original program 
wil l  be bas tardized . I t  is  a Murphy ' s  Law in de sign that i f  i t  can be 
bas tardized , i t  wil l . Therefore , t o ensure better bui lding s ,  bui ldings 
that respond to their original in tentions , a program should s tart off  
with a clear description of intention and should have one person 
responsible for it through the ent ire process . Original in tent can be 
los t when the programme r is no t involved through the ent i re proce s s . 

A program should re sul t  from user needs--needs that include com­
muni ty need s , financial need s ,  lif e-cycle need s ,  space requi rement s ,  
local regulations , and so on--in some type o f  symbolic representation 
( models , graphics , drawings or spec s ) . We should have symbol i c  repre­
sentat ion for the p rogram tha t appear as cri teria for things such as 
use , space l ayouts , t he maintenance o f  lighting , air  cond i t ioning , and 
so on . 

DATA REQUIRED FOR FACILITY MANAGEMENT 

The da ta for f acility managemen t mus t evolve from the original program . 
They should begin wi th intent and should build into specific cri teria 
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through the bui lding proce s s . Facility design and facility management 
should evolve f rom the same data . They are really just di fferent 
place s in the same data base . 

There are three ma jor ca tegories of data needs at the facility 
management s tage . The se are : ( 1 ) bas i c  s i t e  information ( the bui lding 
location , general shape and s i ze , and the available ut ilities ) ,  ( 2 )  the 
ownership or lease abstract s , and any unusual requirement s  for 
res trict ive covenants ( such as the requirement that a building can only 
be four s tories  in thi s area ) , and ( 3 )  basic space availability that 
the us er can manipulate . 

Da ta need s include a de scription and a graphic symbol of the 
building , the locations of the space , the conf iguration and dimension­
ing of each floor , the ma jor permanent core , and the time and legal 
availabili t y  of space ( lease ownership abstrac t s  tha t te l l  how long one 
has the space and under what conditions ) .  I t  should also include 
current space usage including the parti tions ( in some graphic  rep�e­
sentation) , ceiling pattern ,  elec trical di stribut ion system ,  and 
te lephone d i s t ribut ion system .  Current space usage by organizational 
group should include layout , location ,  pe rsonnel inventory by group and 
the special needs by group , and proje�ted growth changes for the 
organization, as we ll as the unit group , on a regularly updated basis . 

It  should include the ground rules for space usage including layout 
and s tandard s ,  and the under lying philosophical intent behind them . 
This should be t ied· into those  thing s  that are manipulated in the da ta 
base ( part i t ions , desks and so on) .  

There should be some amount of equipment specificat ion data , main­
tenance guideline s , security guideline s ,  l i f e  safety guideline s , 
environmental guidelines  ( acous t ics , l ighting and s o  on) , information 
management guideline s , spec ificat ions for special areas , and budgeting 
guidel ines . 

I t  is  neces sary to have the capacity to produce instant working 
drawing s .  For example , organizations such a s  Ci ticorp i n  New York ate 
chang ing so fas t  that interior design firms have no time t o  f ind out 
about the change s , make the drawings , show it to management for 
approval , and then make a se t of  working drawings . By the t ime th is 
is  done , the change has already taken place . These working drawings 
would be relatively easy to produce coming out of the da ta base I ' ve 
been describing . 

For me , a da ta base does no t  include many things ; i t  is  res tricted . 
This l i s t  o f  element s  above i s  adaptable t o  some so rt of graphic 
symbol . Most of the i t ems can be re lated to intent where , in the 
speci ficatio n , the statement of intent can be introduced . In the 
faci l i ty management stage , then , you end up wi th a description of  what 
exist s ,  of wha t  is  likely to exi s t  organi zat ionally , and the intent ion 
or the underlying philosophy o f  the use of  these things . 

My view o f  intent is  simply put : I ' m going to house certain kinds 
of people . I have this at t i tude toward these people in terms of how I 
want them to interac t and deal wi th one anothe r .  I want the environ­
ment to support these ac tivi t ie s  in certain ways . I want t o  see this 
intent carried out in the way the building i s  operated , managed , and 
used . 
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APPENDIX I 

BIOGRAPHICAL BACKGROUND OF PARTICIPANTS 

HAROLD BORKIN is an architec t and profe ssor of archi tec ture and urban 
planning at the University of Michigan . He is  director of several 
compute r-aided de sign re search projec t s  for the u . s .  Army Corps of 
Engineers . He is also the d irec t or for the d evelopment of  the 
ARCH , a model computer-aided design system . Professor Borkin ha s 
authored numerous articles and pape r s  on advanced t echnologies  for 
hous ing and computer-aided de s ign . He received his bachelor of 
architecture from t he Universi t y  o f  Michigan . 

ALTON s .  BRADFORD i s  a regis tered profess ional engineer and a graduate 
of the Univers i t y  o f Ma ryland . He i s  current ly the assis tant 
commander for engineering and de sign at the Naval Fac ili ties 
Engineering Command ( NAVFAC ) ,  Washington , D . C . His 2 5-year career 
has been ded ica ted to the design and acqui s i t ion of nava l shore 
fac il i t ie s , s t ruc ture s and sys t ems a t  the NAVFAC . Mr . Bradford has 
worked on such projec t s  as By rd Station ,  McMurdo Stat ion , and Pole 
Station , Antarc t ica ; various projec t s  throughou t CONUS , Hawai i  and 
Alaska ; and many projects  in areas such as Spain and Vie tnam . 
During the early 1 960s , Mr . Bradford pioneered the use o f  compu­
ters in NAVFAC by employing them in his  des ign wo rk and later by 
developing and implement i ng a na tionwide compu t e r  acce s s  sys t em for 
use by NAVFAC fi eld divisions , inc luding Hawaii . 

JAMES H .  BURROWS has been the direc t o r  o f  t he Ins t i t u t e  for Comput e r  
Sciences and Technology , Na t i onal Bureau of S tandards ,  Depar tment 
of Comme rce since 19 7 9 .  The Ins t i t u t e  manage s  the government-wide 
federal computer s t andard s program , provides techni cal assis tance 
to federal agenc i e s  in t he use of comput e r  technology , and conduc t s  
re lated computer science researc h .  The se ac t ivities a r e  aimed a t  
improving economy and effec tivene s s  in  t he procurement and u s e  o f  
computers by t he federal government . Prior to 1 9 7 9 , Mr . Burrows 
wa s as socia t e  directo r ,  Office o f  Comput er Resource s ,  u . s .  Ai r 
Force . As the Air Force ' s  s enior c ivi lian manager for data automa­
t ion , he was responsible for  developing and implementing pol icies 
for ADP management ,  ope ra t i ons , procurement and s t andards u t i l i za­
t ion.  Before thi s he di rec ted the development of large information 
sys tems and data management pro jects  for the Mi tre Corpora tion and 
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t he Linco ln Laboratory in Mas sachuset t s .  Mr . Burrows received hi s 
B.s. in engineering f rom the Massachuset t s  Ins t i tute of Technology 
in 1949 and his M . S .  in mathematics from the Universi t y  of Chicago 
in 1 9 51 . 

JOHN A . COOK i s  a Re search Project Supervisor , Of f ice o f  Cons truc t ion ,  
Research Staf f , Veterans Administration.  From 1960-19 6 7 , he 
supervi sed const ruc t ion of VA med ical bui ldings . Since 196 7 , he 
has been a membe r of the Office  of Cons truction Research S taff . 
Mr . Cook has supervi sed several pro jec ts covering many de sign and 
engineering discipline s .  Two of the mo s t  s ignif icant pro j ec t s  have 
been the Fac i l i ty Development and Des ign Review Sys tem , an integ­
rated ADP sys tem for the Off i c e  of Construction concerned mainly 
wi th de s ign review ; and the development of  the VA Hospi tal Building 
Sys tem (VAHBS ) .  The VAHB S i s  now applied t o  the des ign and con­
struc tion of al l ma jor new VA hospital s .  He is current ly super­
vising a projec t  to develop a pro totype nursing home design on a 
CADD sys tem .  Mr . Cook has a Bache lor of Bui lding Cons t ruc tion 
degree from Auburn Univers ity . 

LOUI S E .  CHILDERS is an archi tec t wi th the u . s .  Postal Service . As 
Manage r ,  Faci lity Design Branch , he i s  responsible for planning , 
functional design requirement s and the se lec tion ,  technical review 
and management of contrac t s  wi th archi tec t-enginee r  firms per­
forming services  for major pos tal facili ty projects . Previous ly , 
he was a principal in an architec tural practice engaged in design 
of educational and publ ic fac ili t ie s .  

KENNETH H .  CRAWFORD i s  an principal inves t igator on t he Computer-Aided 
Engineering and Archi tectural De sign Sys tem ( CAEADS) software 
development team at t he u . s .  Army Construct ion Engineering Research 
Labora tory in Champaign , Illinois . Cur rently , he is working on a 
criteria d r iven comput�r-aided design sys t em for use  by the Corps 
of Engineers architec ts and is involved wi th t raining Corps per­
sonne l in comput er  usage . Mr . Crawford has ove r twen ty years 
experience in sof tware development and ha s se rved as a consul tant 
to univers i t ie s , comme rc i al firms and government agencie s .  Mr . 
Crawford ha s taught ma thematics , computer sc ience , computer 
graphi c s  database des ign , and da ta process ing courses at Parkland 
Col lege , Be rea College , Ill inois  State University and F lorida S tate 
Univers i ty .  He is a visit ing professor of archi tecture at  the 
University of I l l inoi s .  Mr . Crawford is a former Nat ional Sc ience 
Founda t i on Facul ty Fellow and has been a Visit ing Lecturer for the 
Ma themat ical Association of Amer ica . He is  a co-author of  the text 
"Ene rgy Conservation for the Il linois  Home . " 

c. PATRICK DAVIS ha s been the chief of the Technical Engineering 
Branch wi th the South Atlant i c Division of  the u . s .  Army Corp s of  
Eng inee rs since 1978 . In thi s  po sit ion he i s  re sponsible for 
p lanning , o rganizing , directing and coord inating t he work of  t he 
mechanical , elec trical , s t ruc tural , hydraul ics , environmental , 
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architectural and cos t engineering disciplines for a wide var iety 
of Army and Air Force p rojects and c ivil works projects in seven 
southeastern s tate s ,  Puerto Rico and the Vi rgin Island s .  Mr . Davis 
is interested in optimum computer system development and utiliza­
tion for the division and f ive district  off ice s .  Part icular areas 
of current emphas i s  include cost  e s t ima t ing and design systems to  
improve des ign review quality and t o  shorten des ign t ime . He  i s  a 
registered profess ional eng ineer and a graduate of  the University 
of  Miss i s s ippi and the Univers i t y  of  Texas . 

H . LAWRENCE DYER is  a senior consul tant wi th the Environmental Tech­
nology Center f o r  profess ional services at the Control Data 
Corporat ion wi th responsibi l i ty for p roduct development and 
marke ting . Current projec t s  include the design of an integrated 
computer system for use by wa ter ut i l i t ies , wa ter management 
agenc ie s , and the i r  engineering contrac tor s . Hi s  pas t  experience 
inc ludes wa ter re sources development at Argonne National Laboratory 
and environmental engineering f o r  Science Applicat ion Inc . Mr . 
Dye r holds membership in the American Soc iety of Civil Engineers 
and othe r honorary and profess ional societies . He i s  a mechanical 
engineer wi th degrees f rom Wentworth Ins t i tute , the Univers ity of 
Arkansas  and Purdue Univers i ty . 

JACK F .  ENRICO is manager of co s t  and schedule fo r Bechtel Power 
Co rporation ' s Los Angeles  Power Division where he has the respon­
sibili ty for implementing and administering cost and schedule 
se rvices on both international and domest i c  projec t s .  For mo re 
than f i f teen years he ha s supervi sed the development and implemen­
tation of automated cos t , s chedule and material systems for  use in 
the engineering/cons t ruc t ion indus t ry . At Becht el , he has served 
on a number of related commi ttees including t he Computer  Applica­
t ions Commi t tee and as chairman of the Los Angeles Power Divi s ion ' s 
Project Control Advisory Group . Mr . Enrico i s  a membe r of the 
American Association of Cos t  Eng ineers , where he se rves as na t ional 
d i rector f or project management ; t he Projec t Management Ins titute ; 
the Los Angeles Council of Engineering Soc ie t ies ; the Planning and 
Scheduling Study Team of the Busine s s  Roundtable ; and pa rt-t ime 
lec turer at the University of Southern Ca li fornia Graduate Schoo l 
Department of Civil  Engineering . 

RICHARD H .  FIELD is  currently deputy assis tant commi ssioner for design 
and cons t ruction at the General Service s  Admini s t ration.  Mr . Field 
has more than 2 5  years experience in fac il i t ies planning , acquisi­
t i on and management . Prio r  to joining t he General Service s 
Admini s t ration ,  he wa s a captain in the u . s .  Naval Re serve Civi l 
Engineering Corp s and a mobili zation plan officer i n  the Naval 
Cons t ruc tion Force ( SEABEES ) .  He re ceived a B . S . in mechanical 
engineering from t he Univers i t y  o f  New Hampshire and a M . S . in 
admini s t rat ion from the George Wa shing ton Universi ty . 
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ROBERT J .  FURLONG has been a civil engineer wi th t h e  u.s. Ai r Force 
on the s taff of the Directorate of  Engineering and Services since 
1982 . Prior to this posi t ion , he was a project enginee r  with the 
Naval Facilit ies Engineering Command . He is re spons ible fo r 
developi ng and maintaining civil engineering criteria for all types 
of Air Force facilities . Mr . Furlong has several years experience 
in the use of computer-aided design and management informat ion 
sys tems . His current interest is in the use of computer systems 
to manage the des ign and construc t i on proces s .  He i s  a registered 
professional engineer who re ceived hi s B . S .  in c ivil engineering 
from Columbia Unive rs i t y  and hi s M . S .  i n  geotechnical engineering 
f rom the George Washington Univers ity.  

KENNETH R .  GOODWIN i s  the  chi e f  of the  Office  of Sponsored Programs in 
the Nat ional Engineering Laboratory of the Nat ional Bureau of 
S tandard s .  Prior to this he was associate direc tor for program 
planning for the National Engineering Laboratory where he was 
respons ible for developing long-range plans and budge t proposals 
for programs in electronics , chemical and manufacturing 
eng ineering , building and f i re research , and applied mathematics . 
Mr . Goodwin has also served wi th the Federal Communications 
Commiss ion where he es tablished i t s  f i r s t  long-range policy 
planning of fice and developed legisla tion for the financing of 
publ ic broadcasting and policy analys i s  of ent rance of cable 
te levision into the ma jor markets ; as an examiner for commerce 
science and technology programs wi th the Bureau of the Budge t ;  as 
a consultant for Booz , Allen & Hamilton in high technology federal 
and state government programs ; and as science adminis t rator with 
the Ins t i tute for Applied Technology of the Nat ional Bureau of 
Standard s .  He also has served as a Commerce Sc ience and Technology 
Fellow to the u .s. Senate Commi t tee on Energy and Na tural 
Resources . Mr . Goodwin has a B . S .  in physics  from Yale Universi ty . 

RONALD KING i s  area manager for design , const ruction ,  and building 
operat ions and maintenance sys t ems in t he Gene ral Government 
D ivision ,  Civil Procurement and Property Management Group of the 
General Accounting Office . Prior  to th i s  he was proje c t  manager 
for GAO ' s  s tudy of computer-aided de s ign .  Mr . King has a degree 
in accounting and holds a Cal ifornia CPA ce rtificate . 

FRED KITCHENS currently serves as assistant chief , Engineering 
Divis ion , Savannah Distric t ,  U . S .  Army Corps of Engineer s .  Prior 
to this as signment he was chief , Mi l i tary Program and Management 
Branch and ass is tant chief  of the Design Branch .  Mr . Ki tchens has 
more than 25 years experience in the field of enginee ring and 
des ign , and computer applica tions in both the technical and 
managerial areas . He is a registered profes s ional engineer in 
Geo rgia and South Carolina and holds a B . S .  and M . S .  in civil 
eng ineering f rom the Georg ia Ins t i tute of Technology . 
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THOMAS KVAN i s  current ly vice president for development wi th the 
Computer-Aided Design Group of Santa Monica , Cali fornia . In this 
posi t ion he i s  cha rged with the development of a comprehens ive 
fac i l i ty space management sys tem ba sed on a cent ral ized data ba se . 
Prior to thi s ,  Mr . Kvan spent several year s  as a consul tan t  
spec iali zing i n  the applicat ion o f  computer-aided de sign and 
drafting systems in archi tec tural pract ice . He has also practiced 
archi tecture in Asia and Africa . Mr . Kvan was awarded h i s  B . A .  at 
Cambri dge , England and his M . A .  in archi tecture at the University 
of  California , Los  Angeles . He  is  currently working on hi s 
doctorate a t  UCLA. 

ROBERT E .  MAHAN is manager ,  Computer Systems Support at  Bat tel le 
Pacif i c  Northwe s t  Laboratori e s .  He is an adjunc t lecturer in 
computer science at the Jo int Center for Graduate Study at the 
Univers i t y  of Washington where he teache s digital desig n ,  computer 
architecture , and da ta communicat ions . Previous po s i tions at 
Bat telle include manage r ,  Elect ro-optics  Sys tems Sec t ion and 
associate manager , Computers and Informa tion Sys tems Section. His 
research intere s t s  are in the areas of s trategic planning , 
technology forecas ting , and management systems . Mr . Mahan received 
his  bachelor and mas t e r  of science in e lect rical engineering f rom 
Washington State University . 

DOUGLAS w .  NICHOLSON i s  senior vice pres ident of Cushman & Wake f ie ld 
Inc . associated wi th project development group act ing as con­
sultant s or manager s  for development of some ma jor of f i ce and mixed 
use complexe s such as the Bank of America ,  SFO , Sears Towe r ,  
Chicago , Petro Canada , Calgary , et c . He is  also chairman of 
Build ing Programs International , a consult i ng f i rm special i zing in 
the development of long range real es tate and build ing programs for 
such major commercial f i rms as AMOCO , Ci t i corp , The World Bank , 
and Northwe s t  Mutual Life Inc . 

MARY OLIVERSON , now wi th IBM , was pres ident and treasurer o f  Appl ied 
Research of Cambridge , Inc . in Lewi ston ,  New York . She i s  an 
architect wi th experience in hous ing de s ign , development and con­
s truc t io n ,  and large-scale projec t  planning/predesign . She also 
has experience in the appl ica tion of computer techniques to 
building design , planning and modeling of  the bui l t  environment 
inc luding de tailed knowledge of computer-aided d raft ing sys tems , 
and compute r-aided design systems for architec ture , civil and 
services engineering . Prior to the posit ion at ARC ,  Ms . Ol iverson 
worked wi th Skidmore , Owing s and Merr i l l  in San Franci sco . 

FRANKLIN G .  PETERS is currently ac t ing d i rec tor for the policy 
development divi s ion , Off ice of  Pro ject and Facili t ies Management , 
wi th the u . s .  Department of Energy . He has expertise in prog ram 
and project  management ( including cons t ruction management ) ,  infor­
ma tion sys tem ( manual and automa ted ) development and implementa­
t ion . Mr.  Peters holds his  B . A .  in busine s s  management and M . S .  
in c omputer/ informat ion science . 
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EDWARD POPKO i s  with t he Graphic s  Sys t em Programming Uni� at  IBM as 
sof tware advisor for archi tectural , engineering and const ruct ion 
CAD/CAM . S ince 19 71 he has worked extensively with internat ional 
development agencies to build computer sys tems for document 
retrieva l ,  land use planning , and cons t ruc tion management .  In 1979 
he completed his  Ph . D .  research at  MtT in urban studies and 
planning and was appoint ed project  di rect o r  of the Laboratory for 
Computer Graphics and Spatial Analysi s  at Harvard Graduate School 
of De s ign . At t he laboratory , he part icipated in graphi c s  systems 
development , taught graduate courses in computer-aided des ign and 
cont inued h i s  personal intere s t  in develop ing count ries wi th 
re search on mi croprocessor-based planning systems for low-income 
housing . Mr . Popko s tudied archi tec ture a t  the Universi ty of 
Florida , the Univers ity of Det roit and the Massachuse tts  Ins t i tute 
o f  Technology . 

NEV ILLE POWERS is a principal applications engineer wi th Appl�con/ 
Schlumbe rge r ,  responsible for facili t ies/plan t-layout demonst ra­
t ions and software support for marke ting communications . He jo ined 
App licon in June 1983 after three years with Archi tectural Science/ 
Computer Modeling (AS/ CM) where he wa s consul tant to the u.s. Army 
Co rps  of  Enginee rs  in the Off ice  of the Chie f  of Engineers wi th t he 
Cons t ruction Engineering Research Laboratory , and to the Massa­
chuset ts Ins t i tute of Technology Laboratory for Architecture and 
Planning . Prior to s e t t ing up the AS/ CM,  he was employed for seven 
years by Bol t  Beranek and Newman Inc . ( BBN ) , where he was a con­
sultant in archi tectural acoust ics , and d id research and develop­
ment work on computer-aided sof tware for graphics and building­
analysis applicat ions . He rece ived a B . A .  f rom Bowdoin Col lege and 
an M .A .  in a rchi tecture from MIT . He is  an autho r of technical 
papers in acous tics and computer-aided design , and of primers for 
new use r s  o f  computer sys tems , computer language s ,  and computer 
applications . 

SHIRLEY RADACK is  on the staff of the Ins t i tute for Compute r Sciences 
and Technology of  the National Bureau of S tandard s . At the 
Ins t i tute , which provides technical support to the federal govern­
ment in the management and use of  informat ion technology , she i s  
re spons ible f o r  developing report s ,  special stud ies , and analyses 
of Ins t itute activitie s .  Mr s .  Radack has a B . S .  in microbiology . 

KENNETH F .  RE INSCHMIDT i s  vi ce president and manager for the consult ing 
group a t t he Stone and Webster Engineering Corporat ion in Boston . 
Prior to joining Stone and Webs ter , he was an as sociate professor 
of civil engineering and senior research associate at  the Massa­
chusetts  Insti tute of Technology . Dr.  Reinschmid t has consulted 
on problema in const ruction management ,  seismic analys i s  of  nuclear 
piping , project management , and probabilis tic f racture mechanics . 
He has been active in computer-aided engineering and design since 
1 960 and was as sociated wi th the development of such sys tems as 
STRE SS ( Struc tural Engineering System Solve r )  at  MIT . Current ly 
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he is  chairman of  t he S tone & Webs ter computer ove rsight compute r 
and sponsors developmental wo rk in computer graphic s ,  CAD/ CAM , 
expe rt sys tems , data bas e  applica t ions in engineering , microcom­
puter applicat ions , financial analysi s , and ri sk analysis . Dr . 
Reinschmid t received his S . B . , S . M .  and Ph . D .  in c ivil engineering 
f rom the Massachuse tts  Ins t i tute of  Technology . 

LEONARD SIMUTIS was associa te dean for  academi c affai r s , College o f  
Architecture and Urban Studies at Virg inia Tech unt i l  May 1984 . 
He became the Dean o f  the Graduate School of Research a t  Miami 
Univers ity in Oxford , Ohio on July 1 ,  1984 . At Vi rginia Tech he 
served as assistant dean and chai rman of the Division of Envi ron­
mental and Urban Stud ies f rom 1975-1982 , and as di rec tor of the 
Computer Applications Laboratory in the College of Archi tecture and 
Urban Studies f rom 1 9 73-7 5 . He received his bachelor ' s  degree from 
the University of  Illinoi s ,  and his  M .A . and Ph . D .  degrees from the 
University of Minnesota . His ma jor teaching and re search interests 
are in computer-based approache s t o  design and planning , with 
special interest  in heuri s t ic approaches employing computer 
graphics and informat ion sys tems . 

DAV ID SKAR i s  d i rector of the Naval Facilities Engineering 
Command ' s  Engineering Sys tems Management Division , respons ible for 
planning , develop ing and managing the use of advanced technology 
for engineering and design in Headquarters and i t s Engineering 
Field Divisions . Thi s  re spons ibi lity includes justifying 
resource s ,  developing requi rement s  for equipment , sof tware , 
te lecommunications and training , and managing sys tem development 
and ins tallat ion . These sys tems suppo r t  all phase s  o f  cons truction 
contract document development , cri teria development , consul tation 
and management . 

ROBERT F .  TILLEY , now wi th Computech, wo rked wi th the des ign and 
developmen t of computer graphics  applications f or the Office of 
Cons truct ion of the Veterans Admini stra t ion .  His primary emphasis 
has been to f ind ways i n  which thi s new technology can aid in the 
"Des ign Review" process . In March 1983 his  of fice re ceived 
approval for a $4 . 5 mi llion system development effort to automa te 
the de sign cri teria and A/E package preparat ion func tions . 

RICHARD N .  WRIGHT has direct ed the National Bureau of  Standard s '  Center 
for Bui lding Technology , the u . s .  na tional building research 
o rgani za tion , since 197 4 .  I t s  110 engineers and scientis t s  conduct 
field , laboratory and analyti cal re search on bui lding prac tices and 
on t he pe rformance of bui lding material s ,  component s  and systems . 
From 1 9 57 -7 4 ,  he wa s a member o f  the civil engineering facul ty of  
the Univers ity  o f  Il l inois  a t  Urbana . He has conducted  research 
on computer-aided de sign since 1 963 . Recent studies focus on 
advanced methods for the analysi s ,  synthesis  and expression of 
s tandards and thei r application in computer-aided design . He was 
elected Pres ident o f  the International Counc il for Building 
Researc h ,  S t ud ies and Documentat ion ( C IB )  for the 1 983-86 term,  in 
whi ch capaci t y he will ho s t  the l Ot h  CIB Triennial Congress  CIB . 8 6 .  
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APPENDIX I I  

Nat iona l Re search Counc i l  
Commis s ion on Eng ineering and Technical Sys tems 

Advisory Board on the Bui l t  Environment 

SECOND WORKSHOP ON ADVANCED TECHNOLOGY FOR BUILDING DES IGN AND ENGINEERING 

Nat ional Academy of Sc iences  Woods Ho le Study Center 
Woods Ho le , Massachusetts  

Sunday , June 1 7  

6 : 00 PM - 6 : 3 0 PM 

6 : 30 - 7 : 00 

7 : 00 - 8 : 30 

Monday , June 1 8  

7 : 45 AM - 8 : 30 AM 

8 : 30 - 9 : 00 

9 : 00 - 1 0 : 30 

1 0 : 30 - 1 2 : 00 Noon 

June 1 7-2 2 ,  1 984 

WORKSHOP SCHEDULE 

Registration 

We lcome and Introduc t ion to the Workshop 

Int roduc tion of Part ic ipants  Se l f  introduc t ion of  
par t ic ipants . 

Data Base Des ign Is sue s  

General Discus s ion 

Breakfas t Study Center.  

Int roduc tion to the Day and the Week Carriage 
Hous e .  

Data Requirement s at the Programming and Planning 
Stage C .  Pat Davis and Fred Kitchens , U . S .  Army 
Corps of Engineers . Carriage House .  

General Discuss ion 

7 9  
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Monday , June 1 8  ( cont inued ) 

1 2 : 00 - 7 : 30 PM 

7 : 30 - 1 0 : 00 

Tuesday , June 1 9  

7 : 00 AM - 8 : 3 0 AM 

8 : 30 - 9 : 00 

9 : 00 - 1 0 : 30 

1 0 : 30 - 1 2 : 00 Noon 

1 2 : 00 - 6 : 00 PM 

6 : 00 - 7 : 3 0  

7 : 30 - 1 0 : 30 

80 

Free Time Unstruc tured t ime set as ide for 
discuss ion ,  relaxation ,  or explorat ion of the 
reg ion . Lunch is provided at the Study Center . 

Working Groups Discus s ion of subjec t ; es tablish 
general principles . 

A . Interface between Data Sets  
B .  Data Captur ing 
C .  Graphics  Representat ion 

Breakfast S tudy Center . 

Brief Reports of Evening Se s s ions 

Data Requirements at the Architec ture and 
Eesineering S tage Harold Borkin , Univers ity of 
M1chigan and Richard Wright , National Bureau of 
Standards . Carriage House . 

General Discuss ion 

Free Time Lunch is provided at the Study Center .  

Reception and Dinner Cash Bar . Clambake . Study 
Center .  

Working Groups Formulate c r i t ical is sues ; 
deve lop report out l ine . 

A. Interface be tween Data Se ts  
B .  Data Capturing 
C .  Graphic s Repre sentat ion 
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Wednesday , June 2 0  

7 : 00 AM - 8 : 3 0 AM 

8 : 30 - 9 : 00 

9 : 00 - 1 0 : 00 

10 : 00 - 1 0 : 3 0  

1 0 : 30 - 1 2 : 00 Noon 

1 2 : 00 - 7 : 30 PM 

7 : 30 - 1 0 : 30 

Thursday , June 21  

7 : 00 AM - 8 : 30 AM 

8 : 30 - 9 : 00 

9 : 00 - 1 0 : 00 

1 0 : 00 - 1 0 : 3 0 

1 0 : 30 - 1 2 : 00 Noon 

1 2 : 00 - 6 : 00 PM 

6 : 00 - 7 : 30 

7 : 30 - 1 0 : 3 0 

81  

Breakfas t Study Center .  

Brief Report s of Evening Sess ions 

Data Requirements at the Construc tion Stage 
Jack Enric o ,  Bechte l .  Carriage House . 

Cof fee Break 

General Discuss ion 

Free Time Lunch is provided at the Study Cente r .  

Working Groups . Discus s crit ical  i s sue s ; ass ign 
writ ing tasks . 

A. Interface be tween Data Se t s  
B .  Data Capturing 
C .  Graphic s Repre sentat ion 

Breakfast  Study Center .  

Brief Report s of Evening Se s s ions 

Data Requirements at the Fac i l it ie s  Management 
� Doug las Nicholson ,  Cushman and Wake f ield . 
-carriage House . 

Cof fee Break 

General Discuss ion 

Free Time Lunch is provided at the Study Cente r .  

Recept ion and Dinner Cash Bar . Cook-out . 

Working Groups Final ize writ ten and verbal 
reports . 

A. Interface between Data S e t s  
B .  Data Capturing 
c .  Graphic s Repre sentat ion 
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Friday , June 22 
7 : 00 AM - 8 : 30 AM 

8 : 30 - 1 2 : 00 Noon 

1 2 : 00 Noon 

82 

Breakfast 

Reports 
p lenary . 

S tudy Center .  

Working groups present reports in 
Carriage House .  

SUIIIIIUlrY Ses s ion 

ADJOURN Lunch is provided at the Study Center . 
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1984 Workshop Part ic ipant s . From left to right : Shirley Radack ,  Kenneth Reinschmidt , Louis Chi lders , Robe rt 
Mahan , Al ton Bradford , C .  Pat rick Davi s , Robert Ti l ley ,  Nev i l l e  Powers , Richard Wright , David Skar , Leonard 
S imutis , John Eberhard , Richard Fie ld ,  Haro ld Borkin , Thomas Kvan , H .  Lawrence Dyer ,  Frank l in Peters , Fred 
Kitchens , Mary Ol iverson ,  Fred Lacerda , Kenneth Goodwin , Rona ld King , Kenneth Crawford , Pe ter Smea l l ie ,  Robert 
Furlong , John Cook . Not pic tured are : Jack Enrico ,  Doug las Nicholson ,  Edward Popko and De lphine Glaze . 
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