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FOREWORD 

A great deal of interest has been generated in recent years by the 
concept of the "smart" or "intelligent" building. Although the 
intention seems clear, all too often the actual realization of these 
buildings falls far short of their potential. It is apparent, for 
example, that there is a market for versatile, convenient, and 
inexpensive telephone communication, but there are few buildings where 
there has been installed a fully integrated communication and control 
system. The situation is further confused by the fact that thus far 
the focus has been primarily on office buildings and office automation, 
to the neglect of the many other kinds of buildings that might be 
candidates for modern electronic systems. In fact, the phrase 
"intelligent building" has come to refer almost exclusively to the 
provision of shared communication and computation services in a 
multi-tenant office building. 

This report is not concerned with the marketing or management of 
particular approaches to providing communication and computation 
services to building occupants. Rather, it is intended to serve as a 
guide to those who wish to know what opportunities are available as a 
result of new developments in electronics and how they might take 
advantage of those opportunities by acquiring, either through new 
construction or renovation, an "electronically enhanced" building. In 
particular, this report tries to sensitize corporate and government 
executives and facility managers to the ways in which the design and 
construction of an electronically enhanced building differ from the 
design and construction of a conventional building. 

There is an emphasis on the use of diagnostics as an evaluation 
method for whole building systems. The report is addressed to 
client-occupants rather than to architects and engineers, in the belief 
that an educated client is more likely to utilize the advice, the 
professional services, and ultimately the building performance that are 
needed than is a client who does not understand the implications of the 
new electronic capabilities. 

The report was prepared by two committees (with some members in 
common) over the course of three years. 

John P. Eberhard 
Executive Director 
Building Research Board 
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PREFACE 

" . . the impact of new or improved technologies is not 
just a matter of enhanced technical performance. It is, 
rather, a matter of translating such information into its 
potential economic and social significance. Doing this is 
extraordinarily difficult. Understanding the technical basis 
for wireless communication, as Marconi did, was a very 
different matter from understanding the possibilities for an 
entertainment broadcasting industry that would reach into 
every household, which Marconi could hardly have been expected 
to envisage." 

--Nathan Rosenberg, "A Good Crystal Ball Is Hard to 
Find, " American Herita&e of Invention and Tecbnolo&Y, 1 
(3), Spring 1986. 

In recent years a considerable body of literature has arisen concerned 
with office automation. This literature provides guidance to managers, 
purchasing officials, and interior designers concerning the needs of the 
automated office in such areas as lighting, ergonomics, air quality, 
temperature, noise, office layout, and socialization. This report goes 
one step further. It is concerned with the design and construction of 
buildings capable of accommodating these new automated offices. It offers 
guidance to public and private decision makers responsible for ensuring 
that decisions about the acquisition of electronic technology and the 
buildings in which it will be housed are based on intelligent planning. 
The planning process suggested here starts with the development of a 
carefully worded statement about the purposes that the building and the 
technology contained in it are expected to serve. It goes on to 
underscore the importance of carefully developed performance requirements 
and of a quality assurance program that uses diagnostic procedures in all 
phases of the building process, from preliminary design through 
construction and occupancy, to ensure that the building is capable of 
meeting those requirements. Considerable emphasis is placed on the 
importance of utilizing independent expertise in a variety of technical 
fields not usually drawn upon in the acquisition of a conventional 
building. 
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Our goal in writing this report is to help institutions prepare to use 
modern electronic technology effectively. The fit between electronic 
technology and the buildings that house it has significant economic 
consequences. The early and proper use of appropriate expertise is 
essential to avoid inefficiency, added expense, and disappointment. As 
with organization and management, personnel selection, and procurement, an 
investment of time and money in planning can pay large dividends later on. 

Organizations have been slow to act on the interdependence of 
buildings, occupants, and technology. As a consequence, organizations do 
not typically have a single individual, below the level of the Chief 
Executive Officer, who is responsible for all the aspects of buildings and 
technology that are discussed here, including facilities, organization, 
data processing, communication, and training. We suggest that it would be 
in the organization's interests to appoint a person, the Project 
Administrator, under the Chief Executive Officer, who will be responsible 
for managing and coordinating the integrated efforts of the multi
disciplinary team of experts through all aspects of the building 
acquisition process. This report is intended to serve as a guide for that 
individual. 

Committee on Technologically Advanced Buildings 
Committee on High Technology Systems for Buildings 

xii 

Copyright © National Academy of Sciences. All rights reserved.

Electronically Enhanced Office Buildings
http://www.nap.edu/catalog.php?record_id=19116

http://www.nap.edu/catalog.php?record_id=19116


CONTENTS 

EXECUTIVE SUMMARY 1 

1. INTRODUCTION AND OVERVIEW 5 

2. PERFORMANCE POSSIBILITIES 15 

3. DESIGN REQUIREMENTS FOR ELECTRONIC TECHNOLOGIES 23 

4. THE PROCESS OF ACQUIRING AN ELECTRONICALLY ENHANCED BUILDING 53 

5. BUILDING DIAGNOSTICS AND PERFORMANCE EVALUATION 65 

6. CONCLUSIONS AND RECOMMENDATIONS 75 

APPENDIX 79 

BIOGRAPHICAL SKETCHES OF COMMITTEE MEMBERS 

xiii 

Copyright © National Academy of Sciences. All rights reserved.

Electronically Enhanced Office Buildings
http://www.nap.edu/catalog.php?record_id=19116

http://www.nap.edu/catalog.php?record_id=19116


EXECUTIVE SUMMARY 

The increas ing reliance by many public and pr ivate inst itutions on 
electronic technology- -part icularly for computation , information 
process ing , communicat ion , and automat ion of control systems - -has led 
to new modes of activity within office buildings . The computerized 
workstation , with its video display terminal and modem , is rapidly 
displac ing the tradit ional office workstation with its typewriter and 
telephone . The use of automated equipment by profes s ional and 
technical workers , and even by executives ,  is changing the numerical 
mix of profess ional and c lerical employees . The shift in office 
population , from c lerical to knowledge workers ,  has intens ified the 
demand for a high qual ity work environment , relief from intens ive video 
display terminal base work , and a "voice " in shaping and controll ing 
the work setting . The underlying assumption made by knowledge workers ,  
and increas ingly supported by organization , des ign ,  informat ion , and 
ergonomic profes s ionals , is that increased organizational product ivity 
is dependent on the "unleashing" of knowledge workers; i . e . , providing 
them the tools and opportunities to use the ir skills , knowledge , and 
decis ion-making abilities . This is the maj or challenge in des igning 
the technologically advanced office building . The phys ical layout of 
the office is changing to accommodate the new mix of people and 
e lectronic technology . In fact , phys ically flexible solutions which 
allow offiee spaces to readapt to changing work place demands should be 
inc luded in program requirements .  Even the organizat ional structure of 
many ins titut ions is changing to be respons ive to the new managerial 
demands that accompany the increased use of electronic technology . 

Some of the phys ical requirements of the computerized office - - a 
glare- free environment , suppress ion of acoust ic noise , uninterrupt ible 
electric power , and cooling to offset the heat the electronic equipment 
gives off - - are by nov well known . Other requirements that involve the 
building ' s  infras tructure are less well known- - demands for an extens ive 
and acce s s ible network of vires and cables , for central equipment rooms 
to house mainframe computers and private communication branch 
exchanges , for battery rooms to provide uninterruptible electric power , 
for satellite dishes and microwave antennas ,  and for freedom from 
elec tromagnet ic interference from l ight ing systems and other sources 
that can contaminate electronic data . These requirements are caus ing 
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architects , engineers ,  and interior des igners to realize that an office 
building capable of hous ing the new electronic technology must be 
des igned , built , tested , and maintained quite differently from the 
tradit ional office building in which a standard shell and core are 
built and whatever equipment may be des ired by the occupants is later 
installed . An office building that is to accommodate electronic 
technology successfully must be des igned from the outset to suit the 
technological systems that will be incorporated in it . In order to 
increase the l ikel ihood that the technologically advanced off ice will 
achieve its potent ial , performance cr iteria appropriate to the purposes 
should be formulated , and then a proces s should be established to 
ensure that the criteria are not compromised during the des ign phase . 

An e lectronically enhanced building , as used in this report , is a 
building that is equipped with the electronic and phys ical infra
structure to support the use of advanced communication , data 
proces s ing , and control technologies by its occupants and operating 
personnel . Such a fac i l ity is equipped with the neces sary wires , 
cables , ducts , power supply , heat ing , vent ilat ing , cool ing , 
illumination , noise suppres s ion ,  and security systems to support the 
performance requirements of today ' s  office environment . These advanced 
technologies are incorporated.in the building at the outset or are 
allowed for by providing ducts ,  channels , shaft risers for cabling , 
c losets , and so forth , in which they can be installed later . 

Intens ive use of electronic technology, whether in the form of 
computers , communicat ions , or automated control systems , imposes a 
number of demands on a building . F irst , electronic sys tems require 
networks of wires and cables , both for electric power and for voice , 
video, and data s ignals , and these cables must be distr ibuted 
throughout the building and must be readily acces s ible . This generally 
requires far more space beneath or in floors , above ceilings, and 
behind wal ls than is al lowed for in a tradit ional building . Second , 
both the electric power and the s ignal systems must be rel iable , 
uninterrupt ible , and secure . This may require backup batteries for 
emergency use, electric power l ine condit ioners, grounding and 
l ightning protect ion sys tems , adequate shielding to avoid contaminat ion 
of s ignals by electromagnet ic interference, and uninterrupted l ines of 
sight to satel lites or microwave transmitters . Third , the building 
mus t  be structurally capable of supporting the loads associated with 
mainframe computers , battery rooms, private branch exchanges, and 
rooftop antenna s .  Fourth , the building should have a heating and 
cool ing sys tem that is dynamically responsive to the occupants' unique 
or personal comfort requirements as well as coping with the heat load 
generated by the electronic equipment . Fifth, the building's interior 
l ighting should permit comfortable use of video display terminals , its 
carpet ing and other interior furnishings mus t be stat ic-free, and its 
wal l  and furniture surfaces should not create problems in terms of 
glare or acous t ic noise . Fina l ly , because the technology and degree of 
use of computers and other electronic sys tems is rapidly evolving, the 
electronically enhanced office building should be flexible enough to 
accommodate not only today's e lectronic systems, but also to cope with 
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the increased use of and demand for such systems. that is expected in 
the future . 

Many buildings have been equipped with electronic capabil ities to 
some degree, e ither at the t ime of cons truct ion or in subsequent 
retrofitt ing . Few buildings nov in existence , however , are as 
electronically enhanced , or as hospitable to electronic enhancement , as 
current technology would permit . The fully electronically enhanced 
building provides sufficient flexibil ity to permit the use of a broad 
range of electronic technologies in a variety of ways that may differ 
cons iderably among the building occupants and among the various parts 
of the building: a part ially enhanced building is more l imited in the 
range of electronic opt ions that are possible . The so-called 
" intell igent " office building is seldom more than a convent ional 
building with shared tenant telephone networks . 

For electronically enhanced buildings , there are spec ific 
procedures that should be added to the tradit ional building acquis it ion 
proces s .  First , the building ' s  miss ion statement should be art iculated 
in a manner that makes clear at the outset the performance that will be 
required of the building and its electronic infrastructure . Second , a 
mult idisc iplinary team of experts - - independent of manufacturers and 
vendors - - should provide guidance and crit ical react ions to all 
s ignificant dec is ions made during planning , des ign, and construct ion . 
Third , there should be a period of "commiss ioning" - - & period of about a 
year , from shortly before the complet ion and init ial occupancy of the 
building well into its f irst year of operat ion , during which the 
building and its component systems are carefully asses sed to determine 
whether it is indeed performing as it should under condit ions of actual 
use , and to propose remedies where needed . Fourth , diagnost ic 
procedures should be used during the design and construction proces s as 
well as during the period of " commissioning, " in order to ascertain 
whether various subsys tems of the total building system are meet ing 
performance requirements and to make a prognosis about the future 
performance of the fac il ity . 

Once the building has been occupied , a form of post - occupancy 
evaluat ion should be made .. To help in this process , there should be a 
trio of highly educated experts in today ' s  high technology off ices : 
( 1) the fac ilities manager (managing all of the mechanical systems and 
high tech/intell igent sys tems interfaces, as well as an inventory of 
furnishings and f inishes) :  (2) the information technology manager 
(manag ing all of the telecommunicat ion systems and assoc iated 
furnishings and f inishes): and (3) the personnel manager (monitoring 
personnel satisfact ion and productivity in relation to the fac ilit ies 
and technologies) . These three players should now be a permanent part 
of the management of buildings , and should be involved from the outset 
of the design proj ect . Moreover, they should be asked to work as a 
unit , not as individual or adversarial participants, throughout the 
programming , design , construct ion, commissioning, and operat ion of the 
building . Public agenc ies , as well as the private sector, need to make 
provis ions in their staffing for this purpose . 
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An ongoing diagnostic program s erves two purposes : ( 1 )  it provides 
cont inuing feedback to the building ' s  owners and operators about the 
building ' s  capabilit ies  and the des irabil ity of making modificat ions to 
the building or to the act ivit ies carried out in it; (2 ) it also 
provides what might be called " feedforvard" to the knowledge bas e  of 
the broad community of building owners , architects , and engineers that 
wil l , in the long run, make better des ign pos s ible . Because the 
concept of an electronically enhanced building is so new , and ' because 
electronic t echnology is changing so rapidly , the number of experts is 
st ill small and many diagnostic procedures that would be useful have 
not yet been developed .  This makes it tempting to shortcut the proces s 
and make do without the neces sary expert ise and without carrying out 
the neces sary diagnostic as ses sments . This temptat ion should be 
res isted . When electronic funct ional ity is central to a building , it 
makes sense to invest t ime and resources to develop the needed 
expert ise and to des ign and implement diagnost ic procedures suited to 
the part icular proj ect . 

The purpose of this report is to provide guidance to a proj ect 
administrator ( a  person respons ible for all the aspects of buildings 
and technology who reports to the chief execut ive off icer of the 
organizat ion) as well as to building owners , chief execut ive officers , 
and facil ity planners who are concerned with the incorporation of 
modern electronic technology in a new or renovated building and who 
must determine the guidel ines and criteria for the des ign , 
construction , procurement , and management of such a building . 
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1 

ImQDUCTION AND OVEI.VIEi 

BACKGllOUND 

An electronically enhanced building contains the electronic and 
phys ical infrastructure neces sary to support modern data processing and 
communicat ion systems and to support the use of advanced technology in the 
building ' s  electrical , mechanical , acoust ical , l ight ing , ventilat ion , 
humidity control , heat ing , and cooling systems . The presence.of this 
infrastructure fac ilitates  adaptat ion to new technologies and new modes of 
organizat ional activity that may emerge during the building ' s  life . 

Tradit ionally , the construction of a building and the outfitt ing of 
its interior have been treated as separate and dist inct activities . The 
building is des igned and built primarily as an aesthet ically pleas ing and 
structural ly secure shell that provides a certain amount of usable 
interior space and standard amenities such as heat ing , a ir condit ioning , 
l ight ing , stairwells , elevators , and sanitary fac ilit ies . The 
owner/occupant then equips this interior space with f ixtures ,  furnishings , 
and equipment suited to the act ivities that are to take place there . This 
is particularly true for speculat ive , mult i - tenant office buildings , but 
it is also the case for mos t  owner- occup ied , spec ial - purpose buildings 
such as corporate headquarters , retail stores , hospitals , schools , banks , 
post offices , and data process ing centers . Even when the des ign , 
construct ion , and interior furnishing of a building are nominally under 
the control of a s ingle corporate ent ity , the tradit ional approach is for 
an architect to des ign the structure and oversee its construct ion , after 
which an interior des ign f irm plans and oversees the outfitting of the 
interior space . 

This tradition should be altered if organizations are to make the most 
effective use of the electronic capabil it ies  available today . Electronic 
technologies are potential tools to be employed by organizat ions , and 
ult imately the users of the building , to enhance their activit ies . It may 
not always be neces sary to go to the oppos ite eztreme - - to des ign the 
building " from the ins ide out , "  with all dec is ions flowing from a detailed 
as ses sment of the occupants '  activit ies . At the very leas t ,  however , the 
use that is ant ic ipated for the interior space must be taken into account 
from the outset in the planning proces s .  Ezperts in a broad range of 
disciplines , as well as representat ives of the end users , should j oin the 
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architects and engineers as members of the des ign team at an early stage . 
If adequate provis ion for the neces sary phys ical hardware is not part of 
the de s ign ,  many promis ing technological options for communication and 
building control will either be ruled out or , at the least , will be more 
expens ive to introduce later . 

The purpose of this report is to provide guidance to the proj ect 
administrator ( see Preface) , but it should also be of interest to building 
owners , chief executive officers , and fac ility planners who are concerned 
with the incorporation of modern electronic technology in a new or 
renovated building and who must determine the guidelines and criteria for 
the des ign , construction , procurement , and management of such a building . 
The princ iples discus sed here are appl icable to : ( 1 )  private and public 
buildings , (2)  renovation and new construct ion , (3 ) spec ial - purpos e  
fac ilities ( such as banks , data proces s ing centers , hotels ,  hospitals , 
factor ies , and research laboratories) and office buildings . 
Implementation of these princ iples will take different forms depending on 
the c ircumstances . However , because most of the experience that has been 
gained thus far with electronically enhanced buildings has been with 
office buildings , they are the primary focus of the report . 

This report addres ses those distinct aspects of the selection and 
installation of a building ' s  electronic infrastructure that are les s 
famil iar than the traditional approaches . The f irst set of differences is 
based on the new technologies ava ilable and used in an electronically 
enhanced off ice building . The performance of advanced communications 
equipment , new computat ional hardware , and building s ensors and control 
systems make higher performance buildings pos s ible . This creates the need 
for rethinking traditional performance criter ia , espec ially by those 
organizations; e . g . , public agenc ies that have been cl ients of the 
construction industry for a long time and whose des ign criteria documents 
do not yet reflect this new potent ial . 

The proces s of acquiring an electronically enhanced building differs 
from the traditional building acquis ition proces s ,  and part icularly with 
the dec is ion-making sequences , the nature and timelines s of the 
information needed , and the expertise required at critical points in the 
proces s .  This aspect is of particular concern to those who must appoint a 
proj ect management team and oversee the proces s of planning , des igning , 
constructing , operating , and ma intaining the electronically enhanced 
building , and to the team members themselves . 

Still another aspect concerns the potential for advanced building 
diagnostics which utilize the capabil ity of the electronic infrastructure 
to evaluate periodically the performance characteristics of the fac ility ,  
enable an expert prognosis about its likely future performance , and 
support remedial action if called for . This diagnostic aspect is of 
particular interest to those involved in the commis s ioning stage and thos e  
respons ible for the.operat ion , ma intenance , and management of 
electronically enhanced buildings once they are occupied. 
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DEVELOPING AN ELECTRONICALLY ENHANCED BUILDING 

A technologically enhanced building provides an ever changing complex 
system in support of an organizat ional miss ion . It is composed of a 
variety of systems and subsystems which serve building users , building 
operators , and building owner/managers . The effect iveness of these 
systems is dependent upon the ir re spons iveness to the people who use and 
manage the building . 

Such a building make s it possible to use modern electronics 
effective ly to increase product ivity , improve building management , and 
provide ready acce ss to a wide range of information networks . 
Electronically enhanced buildings can also provide owners and occupants 
with the greater benefits of a higher performance and more support ive 
working environment and of a lower l ife - cycle cost . 

However , technologies per sa do not as sure this outcome . Recent 
studies by Steelcase , the Office of Technology As ses sment (OTA) , and the 
Nat ional Bureau of Standards describe many of the problems that can be 
encountered .  These reports point to organizat ional culture as a critical 
factor in determining whether technology solves or produces problems . For 
example , highly centralized dec is ion making and intens ive electronic 
performance monitoring , accompanied by l imited j ob or environmental 
control by employees has led to many complaints by people working under 
such condit ions . Electronic systems , because of the ir cable and power 
requirements , the heat they generate , and other ways in which they affect 
the interior environment , are most effect ive and most economical in 
buildings that are des igned specifically to accommodate them , and even 
then only when they are installed at the time of construct ion (or ,  at 
least , when specific provis ion is made for their later installat ion) . To 
a certain extent , the s ituat ion resembles the early days of central air 
condit ioning- - a technology that represented a s ignif icant advance in 
economy and effic iency over window air condit ioners , but whose benefits 
could be fully real ized only when it was incorporated in the des ign and 
construct ion of the building . Yet there is a s ignificant difference .  
Central a ir condit ioning was always viewed as part of the " infrastructure " 
of the building . Today ' s  new systems reach down to the leve l of 
individual workstat ions and telephones - - areas that have tradit ionally been 
thought of as furnishings provided by an occupant rather than as part of 
the building itself . These systems require their own electronic 
infrastructure - - a network of wires , sensors, and switches that must be 
incorporated in the building if they are to be effect ive . 

Yet the number of new buildings put into service each year is only a 
small fract ion of the nat ion ' s  building stock . Most organizat ions wishing 
to take advantage of the new technologies wil l , therefore , have to find 
ways to introduce them into exist ing buildings . Retrofitting advanced 
technology into a building that was not des igned for it presents a 
s ignificant challenge . It will be carried out most effective ly if 
strategic planners and fac il ity managers come to understand the nature of 
the trade- offs and compromises that will be required . 
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THE PERFORMANCE CAPABILITIES 

Ezamples of electronic equipment with impres s ive performance 
capab il ities that are available today include mainframe computers , 
minicomputers , and microcomputers; voice , video , and data tele
communicat ions; internal ( local area) communication networks ; automated 
( computerized) workstations; and a variety of automated building sensors 
and control systems which can enhance performance . These include systems 
that: 

• Sense human presence in a particular part of the building and turn 
on lights and heat ; 

• Act ivate elevators ; 
• Alert security and fire alarm systems ; 
• Sense the intens ity and angle of exterior l ight and respond by 

adjusting interior l ighting systems , window louvers , visual (as well as 
thermal )  building enve lope characteristics , etc . , to provide spec ified 
levels of interior illuminat ion without exce s s ive glare ; 

• Sense the outs ide temperature and respond by turning on the heating 
system sufficiently far in advance of the arrival of employees to ensure a 
comfortable temperature at the start of the working day ; 

• Automat ically increase the vent ilat ion rate when tobacco smoke or 
noxious odors are detected; 

• Distribute electric power to computers on demand or in accordance 
with a preset priority schedule and automat ically act ivate reserve 
batteries or emergency generators when e lectric power fails to meet preset 
standards ; or 

• Automatically select the least - cost carrier or route when a 
long - distance telephone call is placed . 

Theae performance pos s ibilit ies are the result of recent advances in 
three appl icat ion areas of electronic technology- - computers , 
communicat ions , and automated controls - - along with the restructuring of 
the telecommunicat ion industry that followed the breakup of AT&T . They 
have led to the development of a new approach to the conduct of many kinds 
of commerc ial and governmental act ivit ies . The development of 
microcomputers a"d of software for word and data process ing has led to a 
new era of office operations . The computerized workstation with ita 
keyboard and vidt•o display terminal has all but replaced the typewriter , 
and many funct ions involving text and data are carried out in a 
"paperles s "  fashiln . The use of satell ites and f iber optics for 
long- distance comnunicat ion and the introduct ion of private branch 
exchanges and loc.\1 area networks for internal communication have made the 
telephone a more ,·ersat ile tool than ever before . Digital electronics has 
made sensors and a:tuators for automated control systems more precise and 
more programmable :han the ir electromechanical predecessors . 

As a consequen:e of such technological advances ( including the 
introduct ion of mi•:rocomputers ) , automated data proces s ing and the use of 
computers in a var.ety of bus iness appl icat ions , which when first 
introduced were co;t - effect ive only for organizat ions that ut ilized them 
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on a massive scale , are nov economical and manageable on a much smaller 
scale . Many public and private organizations are becoming convinced that 
they can increase efficiency and reduce costs by adopting new 
technologies . To use these new technologies , however , buildings must be 
capable of accommodat ing them . 

CHANGING DEMANDS THAT WILL BE PLACED ON OFFICE BUILDINGS 

Intens ive use of electronic technology , whether in the form of 
computers , communicat ions , or automated sensors and control systems , 
imposes a number of demands on a building . Although a s ingle 
microcomputer or personal computer can eas ily be installed and used in 
today ' s  buildings , problems arise when there is one computerized 
workstat ion for every one , two , or three employees .  

The shift in office population ,  from clerical to knowledge workers , 
has intens ified the demand for a high qual ity work environment , relief 
from intens ive work at a computer terminal , and a "voice" in shaping and 
controll ing the work setting . The underlying as sumpt ion made by knowledge 
workers , and increas ingly supported by organizat ion , des ign ,  informat ion , 
and ergonomic profe ss ionals is that increased organizational productivity 
is dependent on the "unleashing" of knowledge workers; i . e . , providing 
them the tools and opportunities to use the ir skills , knowledge , and 
dec is ion-making abilities . This is the maj or challenge in des igning the 
electronically enhanced building . 

From a technological perspective , electronic device s require electric 
power; when they are installed in large numbers they may at times demand 
more power , or power that is more precisely controlled in qual ity , than 
the building ' s  electric system can provide . They emit heat; when used in 
large numbers the consequent cool ing demand may exceed the capac ity of the 
building ' s  cool ing system . They produce noise; they require special 
illuminat ion ; and they make phys ical demands on the individual s  operating 
them that require ergonomically des igned , glare - free equipment and 
furniture , ant i - s tat ic carpet ing , and attention to the operators ' visual 
and auditory environment . They require networks of wires and cables , both 
for electric power and for voice , video , and data s ignals , and these 
cables must be distributed throughout the building and must be readily 
acce s s ible for repair and for network modification . This may require the 
provis ion of far more space beneath raised floors , above suspended 
ceilings , and within vert ical risers than is allowed for in a tradit ional 
building . The informat ion the se wires and cables transmit must , in many 
instances , be secure from eavesdropping . 

Both the electric power systems and the s ignal systems must be 
reliable , uninterrupted , and secure . This may require backup batteries 
for emergency use , electric power line condit ioners , grounding and 
l ightning protect ion systems , adequate shielding to avoid contaminat ion of 
s ignals by electromagnet ic interference , and uninterrupted l ines of s ight 
to satellites or microwave transmitters . Cos t - effective long - distance 
communicat ion is no longer a s imple matter of buying the standard offering 
of the local te lephone company; an organizat ion may operate its own 
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private branch exchanges, switches , wires, and satell ite antennas , a l l  of 
which must be installed in and on its buildings . 

The building that is to house a substant ial amount of electronic 
technology must contain adequate , acces s ible space for wires and cables . 
It must be structurally capable of supporting the loads associated with 
mainframe computers , battery rooms , private branch exchanges , and rooftop 
antennas . It must have a beat ing and cool ing system that can cope with 
the beat load generated by the electronic equipment and provide the 
neces sary cl imate condit ioning in spaces occupied by people . 

Finally ,  because the technology and the extent of use of computer s  and 
other electronic systems is rapidly evolving, the e lectronically enhanced 
office building must be flexible enough to accommodate not only today ' s  
electronic systems but tomorrow ' s ,  and to cope with the increased use of 
and demand for such systems that is expected in the future . In the next 
two sect ions is sues of " content " (what goes into the building) and is sues 
of "proces s "  (how is the building acquis it ion proces s organized) are 
discussed . 

BUILDING CONTENT ISSUES 

" Content " is sues deal with the actual electronic systems and equipment 
to be installed in the building - - for example , computer systems and 
telephone systems . Computer sys tems inc lude such features as central 
mainframe computers ,  control centers, desktop terminals, wires and cable s , 
cable ducts , and equipment closets . Telephone systems inc lude such 
features as switches ( e . g . , private branch exchanges ) , desktop telephones , 
the wires that connect them, and the wiring closets in which network 
connect ions are made . 

These is sues may be grouped in three categories . The f irst bas to do 
with connect ions between the building and the outs ide world . This 
includes connect ions between the building ' s  electronic systems and 
external sources of electric power, connect ions between the building ' s  
electronic systems and external communicat ion s ignals ( for example, 
s ignals transmitted via land l ines, via radio and televis ion broadcast ing, 
via microwave communicat ions , and via satel l ite communicat ions ) ,  and 
connect ions between the building ' s  electronic systems and external 
informat ion networks and data bases . The second has to do with 
connect ions within the building- -electric power distr ibut ion networks, 
building control system networks, and local area networks connect ing 
telephones , computers, and various kinds of peripheral equipment . The 
third category treats the electronic equipment itself, both individual ly 
and in clusters, and their requirements for space, structural support, 
electric power , cooling capacity , security, f ire suppres s ion, appropriate 
illuminat ion, and other es sent ial phys ical and environmental attributes . 
(More deta il will be found in Chapter 3.) 
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CHANGES IN THE PROCESS OF ACQUIRING A BUILDING 

"Process" issues involve the approach used in managing the planning, 
design, construction, and operation of electronically enhanced office 
buildings. In the past, the incorporation of special electronic 
capabilities into a building was not an integral part of the architectural 
and engineering procedures that went into developing the building program, 
designing the building, completing the contract documents inciuding 
specifications and working drawings, and overseeing construction. Rather, 
responsibility for incorporating electronic technology was left to 
equipment vendors and building occupants, who often had to make ad hoc 
building modifications in order to accommodate electronic equipment and 
cables. So long as the amount of electronic equipment was small, this was 
not a serious concern. However, as electronics have become all-pervasive, 
with the growing tendency to have a video display terminal or 
microcomputer on every employee's desk, it has become important that those 
responsible for building design take steps to ensure that the building is 
capable of accommodating and supporting the electronic systems that will 
ultimately be incorporated in it. This report offers guidance concerning 
the incorporation of such electronic technology considerations into the 
building acquisition process. (More detail will be found in Chapter 4 . )  

In the electronically enhanced building, far more than in the 
conventional building, it is advantageous to anticipate the use that will 
be made of electronic systems and to design the building to accommodate 
that use, rather than simply designing a versatile shell that individual 
occupants can equip to serve their own needs. Consequently, it is 
necessary to consult experts in electronics, computers, 
telecommunications, and office automation at a very early stage in the 
acquisition of an electronically enhanced office building. In contrast, 
when acquiring a traditional office building, such expertise is typically 
brought in only after the building shell and core are complete and 
attention is given to the interior design. 

There are situations in which this is simply not possible--either 
because the building being designed is a speculative office building or 
because for some reason the specific activities to be carried out or the 
specific technologies to be used are insufficiently known or are expected 
to change rapidly. In such circumstances, it is best to design the 
building with appropriate flexibility, so that whatever technologies are 
selected, the building will be able to accommodate them. All such 
buildings should have a professional "technology capability rating" (a 
standard which the industry should develop as a public service) which will 
aid the prospective customer or tenant in making general comparisons 
between alternative buildings. 

QUALITY ASSURANCE AND DIAGNOSTICS 

It is more important for an electronically enhanced building than for 
a conventional building to incorporate a quality assurance procedure into 
the design and construction process. This procedure should ensure that 
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individual electronic components function properly when connected to the 
complex systems that are installed in the actual building. It should 
reveal significant deviations from this performance early enough in the 
design and construction process to allow its correction with minimal 
disruption and cost. This is important because electronic systems have 
become both more complex and more interdependent. Individual components 
often do not function on a "stand-alone" basis in the actual working 
environment. The linkages that produce interdependence enhance 
functionality, but increase the vulnerability of each system (and of the 
building as a whole, and the institution that occupies it) by decreasing 
the number and magnitude of component failures required to bring 
operations to a halt. One solution to the problem is system 
redundancy--but redundancy is expensive, not only in money but in space 
and people. Another solution is enhanced reliability, of components and 
systems. A third is the development and use of techniques--many of which 
may themselves use electronic technology--that will allow the rapid 
detection, diagnosis, and repair of breakdowns that can lead to system 
failures. A fourth is the use of components that are capable of being 
operated as stand-alone or on an integrated basis. Indeed, in certain 
settings, reliance on diagnostics to identify and solve problems may be 
the only cost-effective way to assure smooth operations in an· 
electronically intensive environment. 

Many problems are easy to solve if they are caught early enough, but 
are difficult and expensive to correct once the building is being occupied 
and used. It is, therefore, important to incorporate in the building 
acquisition process procedures to ensure that such problems are 
anticipated during early planning and are dealt with at appropriate times 
during design and construction. To accomplish this there are specific 
measures that should be added to the traditional building acquisition 
process when the building is to be electronically enhanced: 

• Articulation of the building's mission statement in a manner that 
makes clear at the outset the performance that will be required of the 
building and its electronic infrastructure; 

• The use of a multidisciplinary team of experts--independent of 
system and component manufacturers (but utilizing their advice and 
suggestions) --to provide guidance and critical reaction to all decisions 
made during the process of planning, design, and construction; 

• The inclusion of a stage that has come to be called 
"commissioning "--• period of about a year, from shortly before completion 
and initial building occupancy well into its first year of operation, 
during which the building and its component systems are carefully assessed 
to determine whether it is performing as it should under conditions of 
actual use, and to propose remedies where needed; 

• The development and use of diagnostic procedures throughout the 
design and construction process and through the period of "commissioning, " 
to ascertain whether various parts of the building system are meeting 
performance requirements and to make a prognosis about the future 
performance of the facility; and 
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• The use of diagnostic procedures, not only to provide continuing 
feedback to the building's owners, designers, and operators concerning the 
building's ability to perform effectively for its intended purpose, but 
also to provide "feedforward" to the knowledge base of the broad community 
of building owners and operators, architects, and engineers in order to 
make better design possible in the future. 

Some of the essential requirements associated with electronic 
technology must be addressed during the planning phase. Others can be 
addressed during the design process, or even during construction. Still 
others can be put off until the period of initial occupancy. It is of 
critical importance, however, that a plan for the building acquisition 
process be developed in which the critical times for certain decisions are 
flagged, and it is essential that a team that includes expertise in all 
the necessary fields oversee the process. If the finished building is to 
perform as desired, performance criteria must be developed and performance 
assessed at appropriate times throughout the building acquisition process 
in order to determine whether those criteria are being met. If that 
assessment is put off too long, remedies may be costly, time consuming, or 
in some cases, virtually impossible. 

Two of the most essential elements in the successful acquisition of an 
electronically enhanced office building are the appropriate and early use 
of multidisciplinary expertise and the appropriate use of diagnostic 
procedures. The field is so new and is changing so rapidly, however, that 
the number of individuals having the necessary expertise is still small 
and many diagnostic procedures that would be useful have not yet been 
developed. This makes it tempting to shortcut the process, but when 
electronic functionality is central to a building, it makes sense to 
invest the time and resources needed to develop the necessary expertise 
and to design diagnostic procedures suited to the particular proj ect. 
(More detail will be found in Chapter 5.) 
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2 

PERlORMANCE POSSIBILITIES 

BACKGROUND 

While the electronically enhanced building is a direct re sult of 
recent advances  in the technology of computers , communicat ions , and 
controls ,  it has also changed the vay many organizat ions are managed 
and operated . Or , to reverse the logic , the newly emerging concepts of 
hov to organize and operate government agencies , small and large 
bus inesses , banking and financ ial establishments , research 
organizat ions , and many others , are largely driven by the new 
performance pos s ibilities for office environments .  It seems clear that 
there are still more changes on the vay . Some organizations change 
more slowly than others , but electronically enhanced spaces point to 
the direction of change for the vast  maj ority of organizat ions that 
conduct bus iness in "office"  buildings . 

The tradit ional office workstat ion , both for execut ive s and 
secretarie s ,  has centered for years around the telephone , the 
typewriter , and certain other peripheral equipment . The telephone was 
the bas ic instrument for communicat ion and telephone service was 
provided by the local telephone company . With the advent of the 
minicomputer and then the microcomputer , the work space has become 
increas ingly automated . The electronic terminal with its keyboard and 
video display is increas ingly replac ing the typewriter , and is the 
mainstay of the modern computerized workstat ion . The development of 
the digital Private Branch Exchange (PBX) has expanded the world 
acces s ible through tradit ional telephone vire s and the range of 
services that can be integrated through the installat ion of adjunct 
proces sors in conjunct ion with the digital PBX . When combined with nev 
transmis s ion media ( e . g . , fiber opt ics and satell ite and microwave 
l inks ) , the individual workstat ion has acces s to a world of unl imited 
bandwidth and ever increas ing functional ity . A bewildering array of 
communicat ion opt ions - - transmission l inks provided by a variety of 
vendors , to transmit data , text , and video s ignals as well as voice 
communications - -make pos s ible a wide variety of conf igurat ions 
replac ing a universally standard service . 

Computer technology has evolved toward greater process ing speed , 
greater memory capac ity , greater reliabil ity , lower cost , and equipment 
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that is less bulky , demands less electric power , and produces leas 
heat . The reduct ion in s ize accompanying the development of 
microcomputers has led to compact computerized workstat ions and an 
increas ingly wide spread use of portable terminals as well . Although 
the increas ing use of electronic equipment has resulted in a heavier 
load on the " infrastructure" of the building , it is anticipated that 
this trend will not cont inue indefinitely . 

Communication technology has produced a vide variety of options for 
both local and long - distance communication . These include private 

· 

branch exchanges ( PBXs ) : local area networks (LANa )  and sophist icated 
s ignal distribution vehicles : local and long - distance voice , data , and 
video transmiss ion systems : long- distance telephone routing systems : 
tela - and video - conferenc ing : and other services such as electronic 
mail . There are nev approaches to wiring and cabling , including the 
introduct ion of multi -media cabling systems that can bundle opt ical 
fiber , coaxial cable , and twisted-pair wiring in a s ingle sheath to 
pass all potential media to the workstation thereby as suring acces s  to 
any bandwidth needed . 

Control technology has produced digital electronic sens ing and 
actuat ing devices less costly and more versat ile than the 
electromechanical and pneumatic devices used in the past . When such 
controls  are connected to networks and sensors added , the potential for 
highly respons ive internal building environments becomes a real ity . 

Technological advances in these areas have led to a capabil ity for 
versatile communicat ion and computer systems for the use of building 
occupants as wel l  as versatile automatic or semi -automatic management 
and control systems for support ing a more respons ive internal 
environmental system . Although the underlying technology is the same , 
these  two appl icat ions differ in many respects . Perhaps the most 
s ignificant difference is that the building operating systems tend to 
be the respons ibil ity of the building engineer whereas the occupants '  
computation and communication systems tend to be the respons ibil ity of 
the individual and/or operating units . 

This separation of responsibil ity masks the fact that the two seta 
of appl ications are interdependent . Computerized workstations , for 
example , make demands on the building ' s  electric power distribution 
network and on heating , ventilating , and air- condit ioning (HVAC ) 
systems . If building occupants are to have the freedom to relocate 
workstat ions , the electric power distribution system and the HVAC 
system should be sufficiently flexible to accommodate this 
cont ingency . S imilar cons iderations apply to such factors as 
structural load-bearing capac ity , l ight ing , vert ical transport , 
secur ity , and safety . At the same t ime , bas ic building systems such as 
energy monitoring and control systems , to be effective , should take 
into account the temporal distribution of work activities , espec ially 
those that require electric power and generate heat , and also the 
variat ions in those act ivit ies in different parts of a building . 

As new patterns of office management and use emerge from the 
increase in performance capabil ity offered by the electronic 
technologies , the requirements for the des igners of buildings , for 
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space planning professionals , and for office equipment des igners will 
all undergo changes . The following pages will provide more detail on 
the performance capabilities of present electronic enhancements :  
however , the reader should keep in mind that more changes are emerging 
in these technologies each day . 

COMMUNICATIONS POSSIBILITIES 

Voice and Data Communication Networks 

Voice and low- to medium- speed data transmis s ion form the backbone 
of modern communications . The se draw on the local telephone company 
and pos s ibly other carriers , for their cables and switches , but the ir 
heart of the system is the modern private branch exchange (PBX) . The 
PBX , which may be located within the building or off - s ite , can serve as 
a switch for all voice and data traffic within the building , routing 
calls over the least expens ive long- distance trunks , and to local 
numbers over central -office trunks . Addit ional application proces sors 
associated with the PBX can ass ist in allocating costs to individual 
cost centers and can provide electronic mail and mes sage center 
services . Sophist icated PBX switching systems offer a number of 
opportunities beyond the bas ic service provided by local telephone 
companies . The user can place calls on hold , forward calls , confer 
with addit ional parties , have calls automatically transferred to other 
stations when the called party is unavailable , and restrict access  to 
certain fac ilities by extens ion number . In addition , it is poss ible to 
use very sophisticated electronic telephone sets . These sets can 
provide s ignals indicating caller identities , programmable keys for 
autodial numbers , one -button access to spec ial features ,  and a long 
list of other special features . These are ava ilable from a number of 
private sector firms on a compet it ive bas is . 

PBX-based telephone systems can also provide connections between 
data terminals and computer systems and between personal computers . 
This can save money and reduce complexity by eliminat ing wiring , 
reduc ing the number of computer ports , and increas ing operation speed . 

Data terminals generally require shielded twisted-pair cable 
connect ing the terminal to the computer . The data communication 
capabilities of the PBX make it pos s ible , in many circumstances , to use 
unshielded , twisted-pair , telephone wire to carry data as well as voice 
traffic . 

To use terminals more than 50 feet from the computer , a device 
called a modem or a l ine drive may be required . Special devices 
des igned for use with the PBX can el iminate the need for s eparate 
modems , and data can be communicated in digital form end to end . 
Modems are then only required for access  to the external switched 
network and can be pooled to serve a number of terminals . Several 
opt ions are available for connecting data terminals to computers 
outs ide the building , such as those at a home office or an informat ion 
provider such as Dow Jones or The Source .  
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Host terminals are connected directly to a computer port . However , 
all terminals are seldom in use s tmultaneously . Typically , only one 
out of three terminals communicates with a computer at any one tiDe . 
By us ing the switching and call-ass ignment capability of a digital PBX . 
users can dial up the computer and contend for the available ports . and 
quite pos s ibly the number of computer ports needed can be reduced . 
When inexpens ive modems are used to dial up computers within the same 
building , operating speed is normally reduced . With many PBX-based 
systems , however , data terminals can dial up computers within the same 
building and operate at sufficient speeds to provide satisfactory 
respons e  t iDe for most functions . 

The PBX can also facilitate high qual ity alternat ives to the 
traditional telephone answering service . An answering service is a 
fac ility staffed by telephone operators who answer calls and take 
mes sages for users of the system . New technology-based service s  
ut ilize computer terminals that display the status o f  the individual 
whose phone is being answered and allow messages to be entered directly 
into the system ; maintaining an efficient link between the caller and 
the operator . In many cases , an answering service can cos t - effect ively 
replace a secretary or recept ionist ,  thereby , reducing personnel 
costs . The answering service can be integrated with the PBX and other 
office automation functions so that the user does not have to check for 
mes sages at a message desk . Instead , the user sees a "message wait ing" 
l ight on the telephone , or a notice on the phone display , or a s ignal 
to retrieve the message on the electronic mail screen . 

Use of a PBX with a long - distance telephone service makes it 
pos s ible to track and control long - distance costs . Detailed reports 
can be generated that permit management to allocate costs by department 
or by individual extens ions . Special restrict ions can also be placed 
on extens ions within an organizat ion to control costs or for security 
reasons . 

Internal Communicat ion Systems 

Among the new capabilities provided by electronic technology are 
local area networks , voice mail systems , and electronic mail . 

L9cal area networkS (LANa ) make it pos s ible to connect a variety of 
terminals together . Bas ically , a LAN is a wire system with its own 
intelligence , as opposed to us ing the intelligence of a mainframe 
computer to direct s ignals between devices . A LAN funct ions in a 
telephone system . much as a field interface or direct digital control 
funct ion in an energy management and control system . 

Voice mail systems , sometimes called voice mes saging or
.
"voice 

store and forward" systems . are electronic acces sories to PBX systems 
that can record voice mes sages and play them back on demand . In a way 
they funct ion like a gigantic answering machine . However , voice ma il 
systems can also be used to distribute voice messages to a list of 
people , store mes sages for future reference , or pass along message s for 
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further handl ing . These systems are alternat ives to message centers 
and answering services . 

Electronic mail is a computer application that allows customers to 
send and rece ive messages in electronic form . both within and outs ide 
the ir organizat ion . Electronic mail systems sometimes require a 
spec ial terminal to access the system and generate and retrieve 
mes sages . 

External Communication Systems 

Among the electronic capabilit ies for short - and long - range 
external communicat ions are microwave transmis s ion . packet- switched 
networks . electronic tandem networks . radio paging . and facs imile , 
teletype . and telex communications . 

Microwave transmiss ion can be used to provide high- speed 
communicat ion l inks with nearby buildings and proj ects . Microwave 
communicat ions allow proj ects to share PBX and office automation 
fac ilitie s . 

Packet - syitcbed networks are a special method of transmitting 
low- speed data at relatively low cost to computers in the United States 
and around the world . Tymnet , Te lenet , and AT&T Net/1000 are examples 
of packet- switched networks in extens ive use today . To attach to a 
packet- switched network . a packet assembler/disas sembler ( PAD) is 
required .  These PADs provide high- speed connection to the packet 
network and are generally quite expens ive if bought from the packet 
network company . Many advanced PBX systems have ava ilable relat ive ly 
inexpens ive PAD systems that can be integrated with the PBX system 
itself . 

Electrgnic tandem netyorts (ETNs ) are sophist icated systems of 
communicat ions lines , PBX equipment , and PBX software . With them , 
multiple PBX systems in mult iple locations can be t ied together in a 
network . Us ing an ETN , a large company can make communication 
acce s s ible to all its employees without a need to use special acces s  
codes . In addit ion , an ETN allows a company to share acces s  to a l l  
long - distance communication lines in the company . 

Certain radio paging systems provide for a high leve l of 
interaction between the PBX of the us er and the radio paging system . 
This interact ion allows incoming calls to go directly to the 
originator . These paging systems are typically expens ive . however , and 
require a large number of users to be cost - effective . 

Facs imile and Teletype or Telex permit organizations to communicate 
written mes sages rapidly from t ime to t ime . both within the United 
States and overseas . Fac s imile equipment scans a document and sends an 
exact picture of it over telephone l ines to another s imilar machine 
anywhere in the world . Federal Express ZapHail also uses this 
technology . It can be used for letter - and picture - quality documents . 
Teletype or Telex equipment allows the transmis s ion of typewr itten 
mes sages electronically to any one of several hundred thousand s imilar 
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devices throughout the world . This technology is the common method of 
communicating electronically for international bus inesses . 

Video- Conferencing and Teleconferenc ing 

A video- conferencing facility generally cons ists of a specially 
des igned meeting room with cameras . large - screen televis ions . and 
special video proces s ing and communication equipment . These rooms are 
expens ive to build and operate and typically are developed in 
as soc iat ion with a nat ionwide service provider . A typical room might 
require 600 square feet for the meeting area and an addit ional 200 
square feet for equipment . 

There are other teleconferencing systems that are leas 
sophisticated and consequently leas expens ive . The moat promis ing 
system is audio - conferenc ing with facsimile and data communications . 
An audio - conferenc ing system would cons ist of a small meet ing room . 
acoust ically treated to deaden echoes and enhance voice transmis s ion . 
Special highly sens itive microphones and high-fidelity speakers are 
built into the room to pick up voices and ampl ify conversations . 
Portable microphones could be available so that conversation can take 
place eas ily anywhere in the room . When combined with the abil ity to 
send picture s  via fac s imile and data via the terminal , this 
teleconferenc ing room would provide many of the same advantages of 
video - conferencing at a fract ion of the coat . 

Perhaps the most important trait of all these technologies is that 
they are not presently standardized in the ir ability to communicate 
with each other . The communications industry is developing standards 
to fac il itate system interaction and integration . 

NEW COMPUTER POSSIBILITIES 

High- Speed Computer Printing 

The increas ing ut ilization of personal computers to perform word 
process ing and report preparation tasks has increased the need for 
high - qual ity computer print ing . In the past . high- speed . high-quality 
print ing vas expens ive and vas . therefore . usually available only to 
large organizations . Prices are rapidly falling . however , so that 
high- speed , high-quality printing is coming within the reach of every 
organizat ion . 

The data capabilities of the PBX and the communications 
capabilities of a high- speed LAN can provide access by users to 
centralized print ing fac ilities . These fac ilities typically cons ist of 
one or more high- speed printers and at least one high- speed color 
graphics printer . A part - t ime technician is required to keep the 
printers operating and full of paper and to distribute output to the 
appropriate customers . 
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Word Proces s ing Services 

Word proces s ing services require a word proces sor . access  to a 
high- speed . high- quality printer . and a user with the needed typing 
skills ( for many modern executives this has become an acquired skill . 
thus . reduc ing the number of clerk- typists required) . Use of the PBX 
data fac ilities or the building LAN allows the user to exchange 
documents eas ily with customers ' personal computers and word 
processors . 

NEW ELECTRONIC SENSORS AND CONTROLS FOR BUILDING SYSTEMS 

Controll ing Building Systems 

A secondary effect of recent technological advances concerns the 
systems that control the interior characterist ics of a 
building- - electric power . heating . cooling . air quality . noise . 
illuminat ion . security . fire safety . etc . These systems can be made 
more versat ile . more automat ic , and more respons ive to user ' s  needs by 
a different set of applications of the same new communication and 
computation technologies that underl ie the computerized workstation . 
Many of these applications rely on sensors to detect spec ified 
conditions in various parts of the building . wires and cables to 
transmit the informat ion in digital form to computers . and wires and 
cables to transmit instructions for automatic responses to the 
conditions detected- - responses that increase illumination , decrease 
cooling . sound evacuation alarms . etc . 

Electronic building automation systems center on distributed data 
gathering panels (DGPs ) that contain microproces sor-based " cards " which 
perform a variety of functions : automatic temperature control . fire 
detection . security monitoring . alarm monitoring . energy management . 
etc . The DGPs serve e ither one mechanical equipment room or an entire 
building . They are connected with each other and with a "head end" by 
means of a data highway . which can cons ist of twisted-pair copper wire . 
coaxial cable . or opt ical fiber depending on the complexity of the 
system and the distance between components .  Fire detect ion and 
security can readily share a data highway ; whether these two functions 
should share a data highway with energy management and temperature 
control depends on the philosophy of the building operator and . 
somet imes . on local code requirements . 

Each DGP can operate in a stand- alone mode for most  appl ication 
programs other than global programs ( such as electric power d$mand 
l imiting and preventive maintenance management ) which require 
interconnect ion . It is also pos s ible for monitoring equipment to be 
located hundreds of miles away from the building . and send back s ignals 
to operat ing equipment from such remote locations . (See more detail in 
Chapter 3 . )  
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Diagnostics by Sensors and Controls 

One of the exc iting areas of development that will be greatly 
accelerated by the introduction of electronic enhancements is build ing 
diagnostics . It should be emphas ized at this point in the report that 
the process of diagnosis can be greatly fac ilitated by us ing built - in 
sensors and control devices in the building for produc ing neces sary 
data and analys is . As an earlier study by the Building Research Board 
said , 

" Building diagnostics is the process  of j udging how wel l  a 
building can be expected to perform its funct ion . This judgment 
requires knowledge about the building ' s  original purpose , its 
present purposes , its surroundings , and its history . . .  
Information obtained from the building ' s  owners and occupants ,  
visual observations , and measurements made by ins truments provide 
the data on which the diagnostic asses sment is based . 

Four elements are essent ial to the practice of building 
diagnos t ics : (1)  knowledge of what to measure , (2)  availabil ity of 
appropriate instruments and other measurement tools , ( 3 )  expert i s e  
in interpreting the measurements ,  and (4)  a capability for 
predicting the future condition of the building based on that 
interpretation . 

New diagnostic technology includes . . . small " tattletale" 
devices ( such as streamers for air diffuser testing , color - changing 
desk thermometers for temperature assessment , and smoke penc ils for 
infiltrat ion testing) for intrus ive testing of existing buildings 
and of mock-ups and mode ls are finding increas ing use along with 
sound- leve l meters , air quality testing equipment , l ight meters , 
flow meters , thermographic cameras , spot radiometers , moisture 
meters , and so forth . " *  

The ideas described in this sect ion of the report are ones which 
could build on the sensors and control devices of the building . In 
Chapter 5 of this report a number of diagnostic procedures that might 
be part icularly valuable in electronically enhanced buildings will be 
discussed . 

*Building Research Board , BUILDING DIAGNOSTICS : A CONCEPTUAL FRAMEWORK , 
Nat ional Academy Pre s s ,  Washington , DC 1985 . 
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3 

DESIGN IEOUIREMINTS FOR EL!CTIONIC TECBNOLQGIES 

GENERAL REQUIREMENTS 

No one would propose to build a house in a new subdivis ion before 
the infrastructure of water , sever , power l ines , phone l inea , and roads 
had e ither been installed or provided for . The eventual owner of such 
a house would not be able to operate any of the modern appliances , take 
a shover , or call a friend without the internal and external 
connect ions to infrastructure having been made . While it is less 
obvious , it is just as tmportant that the total des ign of a modern 
office building be conceived and executed within the context of its 
required infrastructure . If the architectural team des igns the 
building without cons idering the des ign requirements of the advanced 
equipment to go into the building , mistakes are l ikely to be made , or 
costly retrofits will be required .  In the same way the owners and 
operators of the offices  cannot wait until the building is finished to 
begin the planning of the ir equipment requirements .  This chapter 
provides all of the parties involved in the process  of des igning and 
managing an electronically enhanced office building with information on 
the des ign requirements imposed by the electronic technologies . 

First there are several general cons iderations that apply to the 
incorporation of electronic technologies in office buildings . These 
have to do with central ization , flexibility , and tolerance of less than 
ideal condit ions . 

Centralization or Decentral izat ion 

The e lectronic equipment in a building can be central ized or 
distributed , or it can be a mix of both . When equipment is centrally 
located it is  eas ier to manage , maintain , troubleshoot , and repair , and 
it is eas ier to provide ass istance to users and appropriate security 
for equipment and operat ions , but it is less convenient for users who 
have to go to a central location rather than having the equipment 
available within the ir work area . The more the equipment is 
dis tributed , the more such concerns as the phys ical arrangement of 
equipment rooms and wire closets and riser shafts and the phys ical and 
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electronic control of the equipment in each equipment room will affect 
the des ign of the building and the activities of its occupants .  

Flexibility to Accommodate Change 

Depending on the use that is to be made of the building , there may 
be a high or low likelihood that , as time passes , changes will be made 
in system components and configurat ions . Different technological 
opt ions and different building des igns - -having different costs - -may be 
appropriate depending on whether the building ' s  occupants will require 
continual rearrangement of workstation configurat ions and continual 
upgrading of system components or whether a particular configuration 
and choice of equipment are likely to remain in place for some time . 
Moreover , the technology is changing rapidly , and if changes are to be 
introduced into the building at a later stage in response to those 
changes - - if coaxial cable is to be replaced with fiber optic cable , for 
example - - the change will be difficult and expens ive unless  the 
building ' s  infrastructure vas originally des igned with this change in 
mind . Such flexibility in des ign is itself costly , and may be 
worthwhile for some organizations but not for others . 

Tolerance to Non- Ideal Conditions 

The phys ical and environmental requirements as soc iated with 
different electronic technologies vary cons iderably with regard to 
the ir tolerance to other - than- ideal condit ions . Some requirements are 
virtually essential , while others are amenable to alternative 
approaches .  For example , if satell ite communicat ions are required ,  
then a l ine of s ight from the building to the satellite is essential . 
On the other hand , if the building ' s  floor - to- floor he ight does not 
allow enough subfloor space to house the cables for a local area 
network , networks can still be installed us ing a different approach , 
such as  the installation of ducts or false columns in which cables can 
be housed , the use of cable trays to conceal flat wire under a raised 
floor , or the use of flat cable laid on the floor and covered with 
carpet t iles . Similarly , if the building ' s  interior surfaces ,  as 
originally planned , are found to cause glare or to amplify acoust ical 
noise , different finishes can be used or finished surfaces can be 
covered with material having more des irable properties . The 
ava ilability of workable alternatives depends in part on the tolerance 
of the electronic system and in part on the cost of the various 
opt ions . As a rule , the earlier the potent ial problem is ident ified , 
the lover will be the cost of avoiding or rectifying it . Consequently , 
the cont inuous use of diagnost ics to evaluate the performance of the 
building and its systems is recommended .  

There are maj or demands placed on the electronic enhancements in 
the modern office by changes in the des ign and selection of 
workstat ions . Work surfaces not only need to be larger , espec ially 
during the t ime of trans it ion from a tradit ional work setting ' to the 
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electronically enhanced setting , but they need to handle s imultaneous 
paper and computer -based work . The workstations should be vertically 
adjustable ( to pos it ion keyboards , screens , and papers appropriately) , 
they need to incorporate cable management , computer paper , and disk 
storage , task lighting and appropriate acoust ic and vibrat ion control 
for equipment . They need to reflect the continuation of our 
paper-based working methods which use books , filing cabinets , paper 
c l ips , etc . , along with the computer -based working devices such as 
VDTs , keyboard and graphic pads , floppy disks and disk drives , modems 
and printers . They also need to reflect the increased empha s is on the 
ergonomic needs of the worker , resulting from backache and neck s train , 
tired wrists and t ired eye s . The impact of these  changes  in the 
phys ical setting is the need to carefully survey present working 
configurat ions and use and then examine product spec ifications for 
the ir abil ity to meet these combined needs , as well as the spatial , 
acoust ic , thermal , and visual needs of the occupants .  

THE REQUIREMENTS OF EXTERNAL CONNECTIONS 

The first s ignificant issues for the electronically enhanced office 
building are those re lated to providing the building with electric 
power and with a capabil ity for receiving and transmitting electronic 
s ignals . Electronic s ignals may be in analog or digital form ; they may 
carry information in the form of data , voice , or video s ignals ; and 
they may be transmitted via copper wire land l ines or fiber opt ic 
cables , via direct radio or televis ion broadcasting , or via direct or 
rebroadcasting from microwave l inks or sate ll ites . 

The equipment involved in external connect ions includes the 
antennas mounted on the roof and the switches ,  electric power l ine 
conditioners , and other related items found in the communicat ion rooms . 

There are three maj or types of external connections : connect ions 
to a source of e lectric power ; transmiss ion and recept ion of broadcast 
s ignals ; and transmis s ion and reception of s ignals carried by wires and 
cables . 

Electric power The mos t  important aspects of electric power are 
capac ity , qual ity , and rel iabil ity . It is important to ascerta in the 
l ike l ihood of power outages or lowered voltages ,  of unacceptable power 
surges or spikes , etc . This requires examinat ion of the history of the 
local electric util ity with regard to malfunctions . A poor record on 
the part of the ut il ity may require e ither selection of a different 
s ite s erved by a more rel iable electric power company or a building 
de s ign that incorporates the pos s ibil ity of a self - contained 
electr ic ity- generat ing plant . For this reason , it is essential that 
electric power be cons idered at the very outset , during the s ite 
select ion s tage , and that this cons iderat ion encompas s  an analys is of 
the feas ibility and cost of some form of electric power redundancy . 
Electric power failure may take several forms : ( 1 )  a sudden , total 
los s ; ( 2 )  an occas ional interrupt ion ; ( 3 )  a change in power quality . 
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In cons idering alternative sources , such as an on- s ite diesel 
generator or a backup battery room , it is important to ask how vital 
uninterrupted e lectric power is and what kinds of failures equipment to 
be installed cannot tolerate . For ezample , is uninterrupted power 
essential for the entire building , for parts of the building , or j ust 
for the computer? The answers will depend in large part on the 
activit ie s performed .  In many cases some form of uninterruptible power 
system (UPS ) , such as backup batteries and a s tandby electric 
generator , may be required .  In that case the minimum building 
requirement is to leave room for later installat ion of such equipment . 
Another important attribute of the building ' s  electric power system is 
the adequacy of the grounding arrangement ; poor grounding may be the 
mos t  common cause of electric power problems . 

Broadcast s ignals The successful use of radio , televis ion , 
microwave , and satellite receivers and transmitters depends primarily 
on the building s ite and on the pos ition , orientat ion , and s tructure o f  
the roof . If the he ight o f  the roof , the l ine o f  s ight t o  distant 
transmitters or rece ivers , or the wire access  rights are 
unsatisfactory , the use of microwave or satellite communicat ion 
technology may be unworkable (although it is nov quite common for an 
antenna to be located on the ground some distance from the building and 
connected to it via land lines ) .  Rooftop rece ivers and transmitters 
must be free of interference from other nearby s ignal generators . For 
satell ite dishes espec ially , structural support ( e . g . , brac ing) is 
essential if the equipment is to withstand wind and snow loads , and 
cover is needed to protect the equipment from ice . The aesthet ic 
appearance of antennas may also be an important concern in obtaining 
local building permits , or may clash with an image which requires a 
pyramid or "needle"  top not able to accommodate an antenna . 

S ignals carried by wire and cable The effective use of wire and 
cable connections to ezternal s ignal sources and receivers via copper 
wire land l ines , coazial cables (as in networks connecting buildings on 
a campus ) , and fiber opt ic cables depends primarily on the pos it ion and 
configurat ion of the ir point of entry into the building . (The point of 
entry is usually in the basement , but is not always the ideal one . The 
basement often offers structural advantages , and space not in demand 
for other purposes , but - - along with any other underground space - - it may 
be suscept ible to flooding , in which case critical connections must be 
made waterproof . )  At the point of entry , there mus t be secure and 
acce s s ible trenches into wel l - located and wel l - configured communication 
rooms . Generally ,  the installat ion of wiring that brings ezternal 
s ignals to a point of entrance at the building shel l  is the 
respons ibil ity of a local provider (e . g . , the local telephone company) 
rather than of the building owner . For a s ingle building , the point of 
entry is usually also the demarcat ion between the respons ibil ity of the 
outs ide provider (e . g . , the local telephone company) and the operator 
of the building . Where the building is one of many on a campus , this 
demarcat ion may occur at a s ingle locat ion for all buildings on the 
campus , which may be a cons iderable dis tance from the cable entrance to 
any one building . If the building will require special voice , video , 
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or data services local providers of those services are needed and the 
building must be capable of meet ing any spec ial requirements that those 
providers may impose .  

Communication Rooms 

The actual phys ical connections between the building and the 
outs ide world are usually made in communication rooms . In addition to 
containing the local connections to an ezternal electric power supply 
and to electronic s ignal cables , these  rooms may also house the 
building ' s  UPS or battery backup system , ita private branch exchange 
(PBX) , and devices such as multiplezers , concentrators , and modem pools 
used to strengthen , concentrate , and consolidate s ignals and convert 
l ight s ignals in opt ic fibers to analog or digital electronic systems 
in copper wire . Communication rooms must be appropriately pos it ioned 
for ready acces s  to equipment on the roof (where satell ite , microwave , 
radio , and televis ion antennas are usually located) and in the basement 
(where ezternal cables usually enter) , and ready access  to the cores , 
shafts , and ducts through which power and s ignal cables are distributed 
vertically and horizontally throughout the building . 

Where there are separate network control centers , communication 
rooms are generally not occupied . In the absence of network control 
centers , the people who perform the control and "help" functions of 
such a center may be housed in the communication room . Even in 
occupied communication rooms for proper equipment functioning they must 
be heated and a ir condit ioned , humidified (or dehumidified) , and 
protected against damage from fire (usually by Halon fire suppres s ion 
systems ) . They must also be vent ilated , protected from dust and water , 
provided with suffic ient electric power , and illuminated and des igned 
for ready access and maintenance .  

S ince communication rooms , wire closets , and other equipment rooms 
( such as computer rooms ) generally do not have raised floors , wiring 
may have to be distributed above a lowered ceiling , in which case it is 
important to ensure suffic ient floor to ceiling height to accommodate 
equipment racks and wire racks . This is not a problem with new 
construct ion , but it may be in renovat ing an ezist ing building . 

Building Requirements 

Ezternal connect ions should not be cons idered in isolation but 
ezamined in the contezt of the other is sues discussed in this report . 
There are important trade - offs between the alternat ive inves tments in 
qual ity and re liabil ity to be made . Once the value of qual ity and 
rel iability has been identified , it is neces sary to cons ider their 
costs as a funct ion of building s ite , type , architectural des ign ,  etc . , 
and to cons ider other factors early enough in the planning process that 
these  building attributes  can be modified when it would be beneficial 
to do so . 
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As an illustrative ezample , cons ider a bank , investment 
institut ion , or other financial organization that engages in electronic 
fund transfers to be carried out rapidly and without interruption at an 
eztreme ly high level of quality , or a critical public service such as a 
f ire department whose communication system must funct ion without 
interruption . Regardles s  of the qual ity and reliability of the locally 
available electric power , this organization may find it worthwhile to 
have one or even more power backup systems to ensure uninterrupted and 
clean electric power . If the organization customarily rece ives 
financ ial or other data via satellite or microwave transmis s ions , it 
may be essent ial to have an alternative method for receiving the same 
data via land l ines , as well as other system redundancies , to ensure 
that the speed and accuracy of ita financial transactions or emergency 
operat ions are not compromised . Such an organizat ion will take a very 
different approach to reliability and uninterrupt ibility than one in 
which down t ime is not as critical , and in which accuracy checks 
carried out at a later t ime can be used to reveal potential errors to 
then be checked , verified , and corrected if necessary . Quality of 
operations may be equally important in both kinds of organizations , but 
cons iderations of speed , t imeliness , and the s ignificance of errors may 
cause them to take a very different approach to features of the 
interface between the building and the outs ide world . 

External Power Sources 

From the point of view of the activities carried out in the 
building , the mos t  s ignificant is sues concerning electric power and the 
transmis s ion and recept ion of ezternal s ignals have to do with quality 
and rel iability . The electronic equipment used within the building may 
require electric power and electronic s ignals that fall within certain 
ranges in terms of voltage , frequency , ampl itude , bandwidth , and 
freedom from trans ients , spikes , and other forma of electrical or 
electronic noise . The activities for which the electronic equipment is 
used may require uninterrupted power or other kinds of reliabil ity . To 
the eztent that e ither the necessary qual ity or the necessary 
reliabil ity cannot be provided by ezternal sources , it may have to be 
provided within the building- -usually , but not always , near the point 
at which the connection is made between the building and the outs ide 
world . Qual ity may be improved by pas s ing electric currents and 
electronic s ignals through appropriate line conditioning devices .  
Reliability may be improved by providing emergency backup systems or 
system redundancies . 

INTERNAL NETWORK REQUIUMENTS 

The des ign of the building ' s  internal communication network is one 
of the moat s ignificant decis ions in the electronically enhanced office 
building . It determines the l imits of the hardware and software 
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capabilities of the building . There are a number of dec is ions to be 
made , both with regard to the types of cables and vires to be installed 
and with regard to the network configurat ion of the system , often 
called cable or " system architecture . "  

For a number of reasons , it may not be poss ible or des irable to 
integrate all of a building ' s  electronic s ignals into one wiring 
system . For some purposes , such as security and fire safety , existing 
protocols require independent c ircuits . Where the building conta ins a 
number of local area networks (LANa ) , it may be cons idered des irable to 
have them on separate c ircuits rather than to integrate them all . 
Automated system status and control systems may require c ircuits 
separate from those carrying data . Consequently , an electronically 
enhanced office building may contain a number of dist inct communication 
systems that must be centrally controlled and managed , and whose vires 
and cables must maintain their integrity from each other . 

Cable Choices 

The types of wiring currently available include copper 
twisted- pa ir , flat wiring , coaxial cable , universal wiring , and fiber 
optic cable . 

Copper twisted-pair is the most common cabling found in buildings 
today . It is usually the moat compact and has the smallest diameter , 
which often allows its introduct ion into existing buildings with 
l imited vert ical shafts or horizontal plenum spaces .  Nonetheles s , 
twisted-pair wiring is becoming thicker to permit s ignals to be carried 
longer distances at greater speeds . Therefore , adequate space , both 
vert ical and horizontal ,  is becoming increas ingly important for 
twisted-pair cabling . 

Plat wiring is a form of shielded copper cabl ing . Trans ition boxes 
house the connect ions between the twisted-pa ir wiring that runs through 
the building and the flat wiring that serves a part icular room ; the 
flat vires are then distributed horizontally under carpets .  However , 
because they are thinner , they can only carry fast s ignals short 
distances ,  and are not shielded from electrostatic interference . Many 
computer experts opposed the use of flat wiring s ince any electrostat ic 
discharge - - from radios , other electronic equipment , or even feet on 
carpets - -may contaminate the data flow . 

Although the state of the art is changing rapidly , coaxial cables 
can nov provide greater transmis s ion speed than twisted-pair , offer 
greater bandwidth with less attenuation , can transmit s ignals . at higher 
frequencie s and can transmit stronger s ignals over greater distances .  
However ,  they are much heavier and thicker than twisted-pair cables . 
Consequently , where coaxial cables are used , cons iderable vert ical and 
horizontal distribut ion space is neces sary to contain them . Coaxial 
trunks must also be carried to the roof and basement , for s ignal input 
and output and for grounding . Clearly , tradeoffs must be made between 
the convenience and small s ize of twisted-pair wiring , with limited 
transmis s ion capabilities , and the we ight and bulk of coaxial cables 
having far greater transmis s ion capabilities . 
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Universal wiring attempts to bridge the performance gap between 
twisted-pa ir cables and coaxial cables through the use of balance 
connectors . Although both data and voice s ignals can be carried 
through this "universal" wiring , there are definite l imits to the speed 
and quantity of data that can be transmitted . 

Fiber opt ic technology converts digital electronic s ignals to 
opt ical s ignals , us ing very thin wiring and a series of multiplezers 
(to convert from digital to opt ical and back to digital) , with one port 
per peripheral unit . Fiber opt ic cable is very difficult and expens ive 
to ins tall , and very difficult to bend due to its large turning radius . 
although it is l ikely to improve in both respects in the future . 
However ,  it is ezce llent for data security . The most widespread use 
for f iber opt ic cables at the present time is for long distance 
transmiss ion between mainframe computers . 

Hultiplezers are another critical component in the cable network . 
They are used to re inforce the s ignal as it travels over long 
d istances .  Not ins ignificant in s iz e  (they typically occupy a cubic 
foot of space ) , mult iplexers are often noisy and generate heat . 
Consequently , they should be housed in cable closets distributed 
throughout the work space to keep horizontal runs as short as pos s ible 
to ensure clear s ignals at the peripheral unit . 

System Configurat ion 

The configurat ion of the cabl ing network is the traffic pattern in 
which cables run from computer and communicat ion rooms through vertical 
cores and horizontal plenums to distributed closets and from there to 
individual computers , peripheral units ( input/output devices and 
proces sors ) ,  and telephones .  The bas ic quest ions to be answered before 
des igning the configurat ion of a local area network (LAN) concern the 
total capac ity and the internal and external data l inks needed over the 
long term . There are four bas ic configurations for cabl ing runs and 
connect ions to computers and peripherals ; they are known as bus , star , 
r ing , and c luster networks . 

The star network is the most popular and frequently incorporates 
secondary or sate ll ite c losets that serve as data terminat ion centers 
connected by universal wiring . It is essent ial to understand the 
demands assoc iated with this cable network and the importance of early 
use of cabling expert ise in the des ign of the building . Not only are 
bending radii intolerant , but fire safety concerns create s ignificant 
dimens ional demands . Cables must either be laid ins ide f ireproof , 
rigid , metal conduits or ducts (other than air supply or return a ir 
ducts ) or they must be Teflon- coated and enclosed in a plenum space . 
Either way , suffic ient c lear space - - i . e  . •  space that is free

· 
of 

mechanical and structural obstruct ions - - is required in ceiling plenums 
or ra ised floor plenums . The amount of space required may range from 
as l ittle as four inches in an office to as much as e ighteen inche s in 
a computer room . If several complex cabling networks serving different 
terminals are to run in the same plenum ,  multiples of this amount of 

30 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Electronical ly Enhanced Off ice Buildings
http:/ /www.nap.edu/catalog.php?record_id=19116

http://www.nap.edu/catalog.php?record_id=19116


clear space must be provided . Moreover , s izable satellite closets are 
required to house controllers and mult iplexers to mainta in s ignal 
strength or permit the transfer of data from opt ical to digital 
cables .  These closets have special requirements for electric power , 
fire safety , security , and air qual ity . They must also be well 
organized and acce s s ible to allow for effect ive cable management (and 
to avoid inadvertent cutt ing of vires ) .  

. 

In des igning a computer system in all its aspects , decis ions must 
be made about global services (e . g . , libraries and data bases ) ,  their 
networking (e . g . , intercommunicat ion) , and their control (e . g . , 
centralized "corporate "  control or distributed " campus " control) ; 
departmental services and the ir networking and control ;  and individual 
services and the ir control . The impl icat ions of ring , bus , star , and 
cluster configurat ions must be cons idered , along with their vert ical 
and horizontal space and locat ion requirements .  Decis ions about clean 
power and uninterrupted power must be made for the ent ire system , and 
the impl icat ions of th•se decis ions for the enclosures of mainframes 
and minis as wel l  as the ir connect ions must be taken into account . One 
approach that has been widely adopted uses systematically distributed 
"enhanced c losets" filled with minis and peripheral output devices 
( laser printers ) and tied together in a token ring LAN . The stacked 
enhanced closets provide absolutely vert ical cores , and the ir 
distribut ion allows enhanced microcomputer workstat ions to be close 
together , greatly s implifying cable management , free ing up space , and 
allowing cons iderable flexibil ity . 

Tying the ent ire cable network system to a grounded cable is 
essent ial , and there are various terminat ion schemes for ensuring that 
the ent ire system of cables is adequately grounded . Access to the 
basement and beyond is absolutely necessary , with crit ical dimens ions 
for the depth of grounding rods (up to 20 feet )  and the separat ion 
between them . The cont inuity and s ize of the vert ical shafts are also 
related to effective grounding . Electric power generators and back-up 
batteries must also be incorporated in the grounding des ign . 

Accommodat ing Future Change 

In making provis ions for flexibil ity to meet future changes , 
several princ iples apply ; these  are particularly important in buildings 
characterized by frequent office rearrangement and frequent computer or 
telephone system updat ing , and are less important in buildings where 
office arrangements ,  equipment , and systems are more stable . Where 
frequent changes are deemed l ikely , the original plan should provide 
for the making of these changes at minimal cost and disrupt ion to 
operations . An important princ iple is to be able to make as much of 
the change locally as pos s ible . If new wiring is required ,  for 
example , it should run only from the workstat ion to the closest wiring 
closet ; there should be no need to rewire all the way back to the cable 
entrance .  This can be accomplished by initial laying of spare wire 
from the communicat ion room to each wiring closet , or at the very 
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leas t , by providing risers , ducts , or channels to accommodate such 
wiring when it is needed . 

Cable management represents a s ignificant hardware and software 
cons ideration in the electronically enhanced office building . To keep 
track of the wire locat ion , type of wire (twisted-pa ir , coaxial , 
universal wire ) , s ignal ( electric power ; voice , video , or data ; analog , 
digital , or opt ical) ,  and transmis s ion capac ity requires not only clear 
architectural des ign ,  but often the installation of a computer-aided 
wire management (CAWK) system . Such a system can avoid waste 
accompanying hardware modificat ions or personne l relocat ions by 
enabl ing the reuse of eziating conduit . Alternat ively , cables must be 
"chased" at great cost , ignored , or completely pulled out . 

There are innovat ions in internal s ignal propagat ion currently 
under development that have the potential to contribute to effect ive 
network management . These include wireless data transfer us ing radio 
frequenc ies for interoffice communicat ion and " intelligent " 
communicat ion systems . In the latter , " smart" wiring combines sensors 
with a logic board , ident ifying through the plug what the type of 
peripheral unit attached and ita power , speed , and capac itance demands . 

Electric Power 

In addit ion to the requirements noted earlier for adequacy and 
qual ity , other important cons iderat ions concerning electric power 
networks are : ( 1 )  the availability of power outlets of adequate 
capac ity at widely distributed locat ions within the building ; ( 2 )  a 
capabil ity for modifying the power distribution system when neces sary 
to meet new occupant needs ; ( 3 )  provis ions for trouble - shoot ing , 
diagnosis , and repair of the power distribut ion system with minimal 
disrupt ion to occupant activit ies ; and (4) provis ions for monitoring 
and metering power use , both for billing and accounting purposes and as 
an a id to electric power management . 

New approaches to distribut ing electric power include ra ised floors 
to accommodate power , communicat ion , and air- condit ioning ducts ; flat 
cable under carpet ing for relat ively short runs ; more careful planning 
of services us ing computer - aided des ign to permit change with mintmum 
disrupt ion ; electrical service to modular office furniture des igned to 
accommodate cables and outlets ;  electrified movable part it ions ; 
dedicated (clean) electrical c ircuit networks distributed throughout 
the building to computer equipment ; and uninterrupt ible power supplies 
for main computer operat ion , internal services ,  and general office 
areas . 

In the past , the usual pract ice vas to provide clean power c ircuits 
only to selected locations and equipment . Clean power vas not 
general ly available throughout the floor or the building . Filters were 
provided for individual pieces of equipment requiring c lean power . 
Nov , areas expected to have a heavy dens ity of equipment requiring 
clean power are provided with central filters , separate clean power 
panel terminals in electric closet s , and parallel distribution with 
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normal power through raised floors or by Whatever distribution system 
is used to accommodate normal power . 

New electrical loads requiring addit ional uninterrupted service 
call for addit ional generating capacity . In the future . such loads 
will constitute a much higher percentage of the total building load , 
requiring careful pre - des ign planning and installat ion of added 
emergency power capability at the start . Diesel generators will not 
provide ut ility service suffic ient to retain computer memory in case of 
a power fa ilure . and , thus . a aeries of batteries . rect ifiers , and 
battery chargers must also be included . 

Internal Signal Distribution 

Later , in the working drawing and final occupancy stages of the 
proj ect . other matters become important . inc luding the control of 
internal electrical interference from radios and transformers ( such as 
occurs when "white noise" devices or fluorescent light f ixtures are 
s ituated close to te lephones or telephone connect ions ) .  and protection 
of the cable network and its associated hardware from abuse . 

The greatest pos s ible degree of versat il ity in relocating equipment 
is provided by a distribut ion of both s ignal receptacles and power 
distribut ion modules throughout the building . just as ordinary electric 
power outlets are distributed throughout a convent ional office . This 
makes it poss ible to "plug in" computer terminals wherever des ired . 
This versat il ity is poss ible only if the necessary wiring is init ially 
put in place . S ince the computer typically requires clean power . and 
other electrical equipment ( such as task light ing) does not , it may be 
moat economical to have both a " clean power" and a "dirty power" outlet 
at each workstation . Every " clean power" outlet does , however . require 
monitoring to ensure that the power qual ity is sat isfactory . 

Computer System Configurat ion 

The moat important requirement perta ining to computer system 
configurat ion is the adequacy of vert ical and horizontal distribution 
space . Other important factors are access to the roof and basement for 
external s ignal propagat ion and mechanical condit ioning . The exist ing 
interior elements - - ceil ing . part it ioning . and flooring systems as well 
as workstat ion furniture - - are also important cons iderat ions . 

Provis ion for Maintenance 

Interst it ial space . ra ised floors . and enlarged service closets 
reduce the impact of rout ine maintenance and repair on the activities 
be ing carried out in the building . Computerized prevent ive maintenance 
programs can be used to provide analyses . and repairs can be scheduled 
for nonoccupied hours whenever poss ible . Automated monitoring systems 
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can act ivate audio s ignal s  from equipment rooms to indicate water 
leakage , bearing wear , and other system malfunct ions . Infrared sensors 
at electric cabinets and junct ion areas can be used to detect and 
indicate overloads and overheat ing . For opt imum building performance ,  
ease of maintenance is an essential early cons iderat ion in the de s ign 
process . 

ELECTRONIC DEVICES AND EQUIPMENT 

Four categories of devices and equipment are discus sed here : ( 1 )  
computers , ( 2 )  peripherals (which include input and output devices such 
as printers ) , ( 3 )  telephone systems , and (4)  automated sensors and 
controls for building systems ( such as heat ing , vent ilat ing , and 
a ir - condit ioning) and for management service s .  A variety of other 
special purpose categories of equipment are not specifically addressed , 
such as those used in teleconferenc ing rooms , but the maj or is sues 
discus sed below apply to most new technologies . 

Computers 

There are three general categories of computers : ma inframes , 
minicomputers , and microcomputers . Each of these can be provided with 
enhanced capac ity or speed to become super mainframes , superminis and 
supermicros . Although the differences among the categories were once 
very pronounced , each having unique phys ical and environmental 
requirements ,  the boundaries are now becoming blurred . Even micros can 
have 40 to 80 megabytes  or more of memory capac ity and 4 to 5 mips 
(mill ion instruct ions per second) of proces s ing speed , without large 
power requirements or s ignificant heat output . Nonethe less , the number 
of each of these  types of computers already in the workplace make the ir 
impact s ignificant . 

Ma inframe and supermainframe computers , such as the Cray , require 
espec ially des igned computer rooms or data centers . Adequate e lectric 
power , an UPS system , and special grounding are required .  The we ight 
of the equipment is s ignificant and requires enhanced structural 
support and vibrat ion control . Structural demands become part icularly 
important if the computer room is to use a ra ised floor to accommodate 
cabl ing . The computer itself and such anc il lary equipment as magnet ic 
media safes are very heavy and cannot be supported by a typical ra ised 
floor without the addit ion of special structural measures .  The air 
condit ioning capac ity required for these  spaces is s ignificant ( it may 
be f ive to ten times the cool ing capac ity required for convent ional 
office space ) ,  the equipment must be water cooled , and the hUmidity 
must be prec isely controlled . Because condensat ion of water may 
present s erious problems , computer rooms must be isolated from the 
building ' s  window wal l . Security and fire are maj or concerns , cal l ing 
for control led access and halon fire systems with the ir own sensors , 
alarms , and pumps with cabl ing independent of other systems . 
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Sophist icated alarm systems may be required for remote equipment on 
large campuses , which may e ither be integrated with the overall 
communicat ion system or controlled separately . Finally , mas s ive 
amounts of cable are required for electric power , data , and voice 
inputs and outputs to numerous distributed workstat ions , telephone 
gateways , and controllers (operat ing substat ions ) ,  and the cable 
arrangements must be amenable to frequent change . As a consequence ,  
control rooms for super mainframe and mainframe computers have 
requirements for e lectric power , air condit ioning , humidity control , 
secur ity , and f ire safety , as well as cable management , that create 
stringent demands ·for access floors or trough valls for the servic ing 
systems . 

It is most common to locate computer rooms in basements , and in the 
renovat ion of an existing building this may be the only feas ible 
option . Because of the potent ial' flooding problem , already discussed 
steps must be taken to protect the equipment in a basement computer 
room from water damage . This problem can be avoided by plac ing 
computer rooms at higher levels , but here the compet ition for space is 
more intense . 

Superimposed on the demands of the equipment are the demands 
as soc iated with the people who work in computer rooms and data centers 
as we ll as those who work elsewhere in the building . Vibrat ion , for 
example , must be controlled with two aims in mind- - the long- term 
durability of the equipment , and the phys ical and psychological effects 
of vibration and acoust ic noise on people , both those in the computer 
room and outs ide . Light ing must be cons idered both from the viewpoint 
of the low ambient l ight levels , supplemented by local task light ing , 
required for direct computer- related tasks , and the secondary l ighting 
systems required for people occupying the same space performing 
paper-based work . Thus , the mainframe centers must be placed in 
locat ions in the building that allow for effic ient cabl ing and acces s  
and a t  the same time minimize the effect o f  acoust ic noise , traffic , 
heat generation ,  and cabling on the rema inder of the building . Because 
of the high cost of fitt ing up these data centers , it may be 
cost- effective to have minicomputers , control lers , and j o int 
per ipherals (output devices such as printers , etc . ) share space rather 
than f itting up addit ional equipment rooms to house them elsewhere in 
the building . Alternat ively , ma inframe centers are sometimes located 
1n more remote but less expens ive and less sens itive locat ions outs ide 
the building and connected to the building via opt ic fiber , telephone , 
satellite , or copper land l ines capable of providing the high 
transmiss ion speeds that are required .  

Minicomputers , while s ignif icantly smaller than mainframes ,  share 
many of the environmental requirements and drawbacks . They require 
s ignificant amounts of electric power , generate heat and noise , are 
sens it ive to dust , require security and fire suppres s ion ,  and have 
extens ive cable management needs . If , in fac il itating shared access , 
they are placed unenclosed in the open office environment s ignificant 
adverse impacts are l ike ly on the equipment longevity and on the 
phys ical and mental state of the people nearby . If minicomputers are 
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housed in spaces intended as telephone or power closets or j anitorial 
closets , contamination is poss ible , resulting from interference from 
power transformers and water pipes in those closets . Inadequate space 
and cramped access for changing or adding cables , risk of water damage , 
and a chaos of cabling (not the famil iar thin wiring) are other 
potent ial problems . Indeed , the concept of closets in the core is 
inadequate for the electronically enhanced office building . 

One common use of super minicomputers today is to power a cluster 
of CAD ( computer - a ided draft ing or computer-aided des ign) 
workstat ions . The minicomputer itself should be enclosed at the very 
least in an "enhanced closet" with adequate space , independen� electric 
power , appropriate cool ing capac ity , and adequate control of acoustic 
noise . 

Central controllers are s imilar to minicomputers except for the 
user interface features permitting individual use . They are also les s  
expens ive . Controllers act a s  "traffic cops" between the mainframes 
and the microcomputers (or dumb terminals) , distributing s ignals . They 
have s imilar requirements to the minicomputers in terms of space , 
electric power , heat and noise generat ion , sens it ivity to dust , 
security , and f ire suppres s ion , and spec ific cabling requirements .  
Generally , controllers should not be more than 50 to 10 feet from the 
mainframes or more than 300 to 400 feet from the microcomputers or dumb 
terminals . This implies a strategic distribut ion of control ler rooms 
(not enhanced closets)  throughout the electronic office . 

Finally , there are the microcomputers (e . g . , personal computers and 
terminals with varying degrees of " inte ll igence" ) located throughout 
the building ' s  working space and networked with one of several system 
conf igurat ion opt ions (ring , bus , star , cluster) . The first concern 
here is the distribution of electric power cables and s ignal cables to 
the individual units . Once cables are brought vertically to each floor 
of the building , a limited number of des ign choices are available for 
horizontal cable distribut ion : raised floors , cellular decks , 
poke - throughs ( from plenums below) , power poles (from plenums above ) , 
"draping and taping , "  flat wire , and strategically located repet itive 
enhanced c losets . The actual choices available are ent irely dependent 
on the building ' s  geometry and interior systems . Ultimately , the 
power , data , and voice cables must be "managed" by the workstat ion , 
making des ign of the workstat ion as critical as the horizontal 
distribut ion paths . Cable management is often inadequate in even the 
best of electronic workstat ions , typically underestimat ing cable s ize ; 
separat ion needed between power , data , and voice cables ; and cable 
turning radii , distribut ion , and trunking . 

General ly speaking , there is more flexibil ity with regard to the 
select ion and integrat ion of microcomputers into any exist ing or 
des igned sett ing . However , there are some requirements that· , if not 
met , might make the ir integrat ion expens ive or inadvisable . Given the 
number and the extent of networking of microcomputers in the electronic 
office , adequacy and reliability of power are critical . The 
spec ificat ion ,  condit ion , and orientat ion of the exterior enc losure can 
be crit ical . It may be very expens ive to upgrade existing wall and 
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windows to ensure rain and condensat ion protection (often requiring 
double alaz lna) . adequate thermal and humidity control , adequate 
dayl l&ht lng control , and adequate draft control (affect ina thermal 
comfort , pollut ion , dus t , and noise isolat ion) . Ex1st1na workstation 
furniture is also a crit ical factor with reaard to adequacy of the 
vorksurface area , storaae space , cable manaaement , acoust ic absorption , 
1 1&ht 1na control , and mean radiant balance necessary for the 
ind ividuals working with microcomputers , and terminals must be 
pos it ioned to reduce window alare . Clearly , the oraanlzat lonal layout , 
the workgroup layout , and the workstat ion layout can help to resolve or 
aaaravate these problems of adequate vorksurface , storaae , cable 
manaaement , acoustic isolation , and 1 1&ht 1ng control . 

Per ipherals 

There are three aeneral cateaories of peripheral equipment : input 
device s for receiving data , voice , video , araphlcs , and data from 
environmenta l  s ensors ; proce s sors for readtna , proces s tna , computtna , 
f111na , storlna , or transferrin& this input ; and output devices such as 
printers , plotters , proj ectors , speakers , tapes , disks , and commands to 
act ion (robotic s ) . There is also a fourth pos s ible cateaory , comb1n1na 
the s e  three sets of hardware into dedicated packaaes of hardware for 
spec ific services such as electronic mall , video teleconferenc ina , 
electronic data bas e s , and bu1ld1na security . The phys ical and 
environmental requirements for the s e  device s  depend on the type and 
dens ity of hardware chosen , as we l l  as the corporate pol icy towards 
worker comfort and productivity . 

The peripheral equipment ava ilable for 1nputt 1na informat ion in the 
electronic office includes tact ile and opt ical input devices such as 
keyboards , keypads , mouse s , 1 1aht pens , j oy st icks , touch (screen) 
readers , d1&1t 1zers , scanners ( such as bar code readers ) ,  and copiers ; 
sound inputs such as te lephone s ,  paaers , voice recoanlzers , and mus ic 
readers ; data input s such as c locks , card readers , tape readers , and 
opt ical d isk readers ; visual or luminous input s such as video cameras 
and 3 - D  laser cameras ; and environmenta l detectors that sens e 
temperature , humidity , l l&ht , sound , and smoke . For many of the 
tact ile and visual informat ion input devices , appropriate illuminat ion 
( task and amb ient l l&ht leve l s , color rendit ion , and contra s t )  and 
appropriate spatial qual ity ( eraonomlc , anthropocentric ) are essential 
both for the equipment and for the workers .  Dust and stat ic control is 
very important alona with some concern about noi s e  ( c licks , beeps , 
whirs ) in the 1nputt 1na proce s s . For the sound input s ,  noise is the 
most crit ical environmental concern for the effect ivene s s  of both the 
reader hardware and the worker , and control of the sound s ource 
intens ity , backaround nois e , and sound paths ( isolat ion for adj acent 
works tat ions ) is e s s ent ial . For the data inputs ,  dust and stat ic 
control and the overall 1ntear 1ty (maintenance )  of the phys ical and 
environmental sett lna becomes most important . Finally , the 
environmental inputs are crit ically dependent on appropriate spat ial 
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zoning , on interfering visual , acous t ic , or thermal informat ion , and 
aga in on the overal l  integr ity of the phys ical setting . 

Per ipheral equipment used for reading , comput ing , f i l ing , storing 
and transferring the var ious input s start s with disk dr ive s , modems , 
mult iplezers , and control lers . Then there are maj or data readers and 
storers such as central card , tape , and d isk drives and s torers ; 
magne t ic , opt ical , and laser readers and storers ; and bubble memor i e s . 
There are also telephone proce s sors for automat ic cal l  sequenc ing and 
distribut ion , and private automatic branch exchange s  for offices 
depending on telephone input and output such as trave l , insur•nce ,  and 
inve stment companies . The smal lest disk drives and modems may eas i ly 
f it on or in a typical workstat ion , but the larger proces sors , seen 
more and more frequent ly today , can occupy as much as 2 , 000 cub ic 
feet . The result is that space , both in terms of capac ity and 
locat ion , is one of the mos t  demanding requirement s  for the effe c t ive 
introduct ion of most proce s s ing hardware . Other s ignificant 
requirement s inc lude adequate and re l iable power , plenum space 
(horizontal and vert ical )  for cables , adequate air condit ioning to 
offset the heat output of the equipment ; adequate sound absorpt ion and 
noise isolat ion to protect the occupants from the noise of the 
equipment , and adequate s e curity and protect ive enc losure s to protect 
the equipment from dust , static , abuse , and vandal ism . It is also 
important to ensure adequate therma l  qual ity for the occupant s ,  
balanc ing the uncomfortable mean radiant temperatures that often result 
from proce s s or power demands . 

There are many kinds of peripheral devices ava i lable for outputt ing 
informat ion in the electronic office , depending on whether a temporary 
working medium or hard copy , sound , video , or mechanical act ion is to 
be the re sult . Output hardware that serve s  only as a working medium 
(without hard copy) inc lude s the full range of computer s creens ( e . g . , 
VCR , CRT , LCD , plasma , or electron gas ) - - a technology with great 
potent ial for change in the near future in terms of the s ize of the 
equipment , its pos it ion in the workstat ion , the illuminat ion required , 
and the kind of input it accepts . Bard copy outputs include printers 
( impact carbon printers , non- impact j et or heat pr inters , laser 
pr inters , and photo printer s ) ; analog and digital plotters ( ink , 
ammonia , laser , electrostat i c ) ; and such hard copy as disks , tape s , or 
chips . Sound outputs inc lude telephone s ,  intercoms , pagers , and 
b e l l s . Video outputs inc lude 2 -D proj ectors , l ight beams , and 
holographs . F ina l ly ,  output may take the form of an electronic command 
tr iggering a mechanical act ion , and this kind of output is the bas i s  
for computer -a ided manufacturing (robot ics ) and computer -a ided fac il ity 
management ( e . g . , environmenta l  control ) .  

The most s ignificant concerns for all variet ies of output hardware 
are the adequacy of space in terms of capac ity , configurat ion , and 
locat ion ( c entral ized , decentra l ized) ; the availabil ity of adequate 
e lectric power ; the adequacy of horizontal and vert ical plenum space 
for cable management ; the adequacy of acoust ic control for isolating 
the equipment ' s  no ise from the occupant s ;  and the adequacy of air 
cond it ioning for offsett ing the heat load from the equipment . Other 
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s ignificant concerns center around the readabil ity or audibil ity of the 
output , which requires controlled li&htfna ( task , ambient , and 
dayl i&ht ) and controlled acous t ics ( sound source intens ities , 
background noise , and sound path control ) .  These requirements depend 
on the des ign and spec ificat ion of the ceilina , part it ionina , and 
floorina systems , the li&ht ina and acoust ical systems , the interior 
furniture , and the buildina enc losure . Some of the peripheral output 
devices ava ilable today also ra ise serious a ir qual ity concerns , 
requirina increased leve ls of fresh air and adequate fresh a ir 
distribution and control ,  e spec ially if this equipment is enclosed for 
acoust ical reasons . Finally , it is important to provide phys ical and 
visua l d ivers ity and re l ief for workers t ied for lona hours to these 
" output devices " in the form of windows (however , located to avoid 
alare ) , l i&ht ina divers ity and control , lounae s , or more and varied 
soc ial settinas . Such soc ial spaces will ranae from spaces for two 
people to discus s the ir work , to coffee break/lunch areas , to work 
aroup conference areas , to maj or conference rooms . There is also a 
areater need for personal izat ion , within each person ' s workspace , as 
wel l  as for the work aroup . 

The fourth cateaory of peripheral equipment cons ists of 
comb inat ions of the f irst three into dedicated packaae s that perform 
spec ific funct ions . Electronic mail , video teleconferenc ina , 
electronic data bases , and buildina security are the most common 
peripheral packaaes today . The s imple st s ervice , an electronic mail 
system , miaht connect a persona l computer with a keyboard or fac s imile 
input throuah a modem or controller to a telephone receiver connected 
to another computer or to a pr inter . Data bas e  service s such as 
" Balor , " " D ialogue , "  "Laxus " (a leaal data base )  or " BCS " often require 
dedicated c ircuits , controllers ( in closets ) ,  and coaxial cabl ina , in 
addit ion to the computer terminals and modems . Some electronic data 
services require antennas , small microwave dishes , and spe c ial 
telephone switchin& device s .  These requirements make acce ss to the 
roof and to the vert ical plenum space essent ial , alona with access to 
the basement telephone switchina center . 

The most complex packaae of peripherals is the video 
teleconferenc ina center , which has mas s ive cabl ina requirement s in 
order to connect such input device s  as voice act ivated cameras , 
te lephone s ,  microphones ,  audio and video s canners , electronic 
blackboards , copy machine s , keyboards , and plotters to such proces sors 
as s igna l control un it s  that convert the data from analoa to di&ital 
form , to a telephone center , thence throuah an antenna to a satell ite 
rec e iver , ult imately terminat ina at output device s  such as screens , 
speakers , plotters , and printers . The architecture of the video 
teleconferenc ina room is dependent on such condit ions as adequacy of 
room space , horizontal and vert ical plenum space , and roof and basement 
acces s .  It is also e s s ent ial to have effective therma l , a ir qual ity , 
acous t ic , and l iaht ina des ign and control , well beyond any convent ional 
conference room . 

Apart from the teleconferenc ina center , there may be other spec ial 
funct ion rooms that conta in concentrat ions of peripheral equipment . 
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Reproduct ion centers may conta in pr inters , photocopying machines ,  and 
related equipment such as computerized photo-offset printers . 
Informat ion centers may contain a variety of terminals ,  printers , 
microfilm and microfiche readers , etc . Training centers may contain 
all the kinds of equipment that are used in the organizat ion . ·  Network 
control centers may contain computer and communicat ion controls and 
equipment that is used to report the status of the building ' s  
electronic systems and to diagnose and correct system failures . 

Telephone Systems 

Whereas many of us are still accustomed to thinking in terms of a 
s ingle type of telephone service provided by a telephone company , there 
are a variety of kinds of telephone systems available today with 
cons iderable divers ity in s ize , features ,  intell igence , and 
complexity . These systems are offered by a variety of manufacturers 
and vendors , and it is by no means easy to determine which type of 
system is appropriate for a part icular organizat ion . As a general 
rule , the occupant s of a building will select the ir te lephone systems 
and there may we ll be a number of different systems serving a s ingle 
building . Although the systems differ , the building attributes they 
require are quite s imilar . 

The most common types of telephone systems available today are 
central exchange (Centrex) systems , private branch exchange ( PBX) 
systems , and key systems . (See descript ions in Chapter 2 for more 
deta il on the se systems . )  

If it is to be hospitable to a variety of telephone systems , a 
building must provide the neces sary enclos ed space ( in r isers , closets , 
conduits , wire ducts , sleeve s , c - decking , or provis ions for 
poke - through wiring) to permit the neces sary vertical and horizontal 
distribution of telephone cables .  It must have a heat ing and cooling 
system capable of maintaining the neces sary vent ilation and air qual ity 
in battery rooms , switching rooms , and all other building locat ions in 
which the te lephone equipment has spec ial environmental requirements . 
It must have an electric power system capable of meeting the telephone 
sys tem ' s  power needs with adequate grounding , voltage protect ion , and 
backup ( or uninterrupt ible ) power . Generally speaking , these 
requirements are common to all three maj or systems , although the 
deta ils may differ for part icular systems in spec ific buildings . 

The manner in which building characterist ics impact the telephone 
system or systems within the building should be cons idered as they 
apply part icularly to the telephone switch room and to the telephone 
distribut ion system . The most important building requirements relat ive 
to telephone switch rooms involve the locat ion of the system within the 
complex , the environmental treatment of the room and the adequacy of 
electrical services . The factors that involve the distribut ion system 
concern the capac ity and geography of the riser closets and the 
availabil ity of properly des igned horizontal wire distribut i� plans to 
support changing space ut il izat ion scheme s . Obviously the issue s 
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indicated are not all inclus ive des ign cons iderations for telephone and 
other communicat ion systems within a building , but rather reflect only 
those features cons idered most s ignificant . 

The proper placement of the telephone switch rooa within the 
buildina is important from both an economic and an operational view . 
Althouah the placement of a switch room for a s ingle - tenant buildin& 
may be different from that for a mult i - tenant building , the aeneral 
characteristics are the same . A properly planned switch rooa should be 
adj acent to or a part of the vert ical riser syste• of the building . 
The placement should also provide access to the external syste• with 
ready acces s  to such fac ilit ies in adj acent spaces be ina opt tmu. .  
Proximity of the switch room to the data proces s ing center .. Y also be 
tmportant when e ither the twisted wire plant or the PBX is used for 
data transmis s ion .  

The switch room must be placed in a dry area of the building and 
not subj ect to flooding due to natural causes or util ity failures . All 
of these cons iderat ions , as we ll as structural cons iderations , point 
toward selectively locat ing the switch room in or near the core of the 
buildina , at or above around level . 

The environmental treatment required to support most switchinl 
systems is not strinaent , but requires attent ion . The operatinl range 
for most telephone switchina systems al lows variations from 55 dearees 
to 8 5  dearee s  Fahrenhe it ; however , dearaded operat ions can be expected 
above 90 dearees . S imilarly , the re lat ive humidity ranae is aenerally 
extended over a ranae from 20 to 60 percent relat ive humidity , with 50 
percent be ina opt tmu. .  

Temperature control i s  often a s ignificant cons iderat ion when power 
fa ilure s  are experienced and backup battery and/or aenerator power is 
only provided for the switchina and other technical equipment . The 
a ir - condit ioning system supportina te lephone operat ions should be 
available 24 hours per day , seven days per week . Spec ial provis ions 
are necessary in buildinas us ina chilled water or s imilar arrangements 
which normally operate only durina the bus ine s s  day . 

Although battery systems support ina telephone systems also do not 
have strinaent temperature requirement s ,  vent ilat ion of the battery 
room is often nece ssary to meet local code requirements .  Thes e  
requirements ma y  a l s o  apply to " sealed" battery systems dependin& aaain 
on local code requirements .  

The ava ilabil ity of properly des ianed electrical s ervices is very 
important to a properly operat ing te lephone system within the · modern 
buildina . Such electrical s ervices must be dedicated back to the main 
distribut ion po int within the buildina or otherwise isolated to insure 
that other electrical loads do not impact the operat ion of the 
telephone system . The proper s iz ina of the e lectrical service based on 
the maximum load of a fully expanded telephone system and the 
manufacturer ' s  spec ificat ion is neces sary to support cont inued 
operat ions even in a arowth s ituat ion . Separat ion of the technical and 
ut il ity load in the switch room is also important . Motors , l i&htina 
systems , and compres sors in the room often can induce noise into 
systems or cause other unde s irable occurrences . 

41 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Electronical ly Enhanced Off ice Buildings
http:/ /www.nap.edu/catalog.php?record_id=19116

http://www.nap.edu/catalog.php?record_id=19116


S imilarly , the provis ion of a properly s ized and terminated earth 
ground is very important to the telephone system . Normally , 
manufacturers require that the s ignal ground be dedicated to the 
switching system . This normally involves taking a large conductor back 
to the building or floor transformer locat ion , the building ground 
point , or to the building ' s  structural steel . The electrical ground is 
normally used to sat isfy the other grounding requirement s in the room . 

The ava ilabil ity of an alternative power source within the building 
is also important to a survivable telephone system . A backup battery 
system will economically provide power for the telephone system during 
relat ively short commerc ial interruptions , but does not normal ly have 
the capac ity to support l ight ing and HVAC requirement s .  During 
extended commerc ial outage s ,  the telephone sys tem may become erratic or 
disable itself due to high temperature condit ions even though the 
battery system has not been expended .  

Riser c los e t s  are required on each floor in the same relat ive 
pos it ion vert ica l ly within the building . This stacked arrangement with 
the proper floor penetrat ions allows the ins tallat ion of heavy cables 
in a t ime ly and cost - e ffec t ive manner . The area provided for the r i s er 
system should be dedicated for voice and data communicat ion purpos e s  
only . This is nece ssary to ensure that proper security is afforded 
the se services and to avoid interrupt ion of telephone s ervice · due to 
some inadvertent act ion by building or electrical ma intenance 
personne l .  

The conduits and the floor and val l  space within the riser system 
require detailed management due to the mult iple users nov us ing thes e  
fac i l it ie s . Th e  al locat ion o f  the conduits and space should b e  
cons idered during de s ign and followed careful ly by management . Wal l  
space mu s t  a l s o  b e  allocated and control led s ince mult iple voice and 
data providers require equipment and wire terminal space near user 
locat ions on each floor . Many building de s igns nov provide separate 
space for voice and data vire s in the riser and in some cases have 
s egregated the spaces of the local ava ilabil ity from that of other 
providers . 

The prol iferat ion of telephone , data and other communicat ions with 
the office environment require s extens ive wire distribution scheme s . 
The distribut ion arrangement mus t have the flexibil ity to support 
evolut ionary changes in the technology s imilar to what has been 
experienced in the recent pas t . The availabil ity of a properly 
des igned in - floor or in - c e i l ing distribution sys tem with distributed 
cros s - connect and test points provide s the flexibil ity ne cessary to 
meet the changing arrangements of the office space s . When adequate 
distribut ion fac i l i t ies are not provided ,  the cost and t ime required to 
support change can be extens ive . In any case , the wire distr ibution 
must be cont inuous ly managed to insure that abandoned wire and cable is 
rout ine ly removed and that wire and blocks are tagged and labe l e d  
properly . 
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AUTOMATED SENSORS AND CORT.ROLS FOR BUILDING OPERATIONS 

It is increas ingly common for office buildings to be equipped with 
automated electronic controls for mechanical systems such a• beat ing , 
ventilat ing , and a ir condit ioning . As the amount of electronic 
technology in buildings grows , addit ional systems tend to be provided 
with automated controls . Examples are halon fire suppres s ion sys tems , 
electric power usage monitoring and billing systems , and systems for 
control ling communicat ion system access and billing , l ighting , 
elevators , security , building access , data acce s s , employee working 
time , employee credit and financ ial management , and personnel 
management . For many of the s e  systems , access and use must be l imited 
to authorized personne l ,  so control syst em security and traff ic 
management often become necessary . S ince these control systems are 
likely to be operated by a variety of individuals , it is essent ial that 
the syste• software be user - friendly and that the personnel operat ing 
them be adequate ly computer - l iterate . 

The automate d  controls that are available today for managing and 
operat ing building environmental systems are known as direct d ig ital 
control s .  The primary difference between convent ional controls and 
direct digital controls is that the former use independent pneumatic or 
electric act ivat ion while the latter use a low- tens ion data highway , 
usually in the form of a twisted pair of vire s , to transmit data from a 
sensor to a microproces sor - bas ed controller which act ivates a valve or 
damper to produce the des ired change . This means that a building in 
which automated control s  are to be use d  must contain the necessary 
cabl ing to serve both sensors and control mechanisms , and that there 
must be one or more control centers in which the monitoring , 
troubleshoot ing , diagnos is , adjustment , and control of system 
operat ions can be carried out . 

S imilar require•ents pertain to other building systems and 
services .  Fire and security systems incorporat e  sensors , alarms , and 
automated responses . Electric power usage systems require cont inuous 
monitor ing , recording , and s ignal l ing of unusual use patterns . 
Light ing systems require monitoring of both natural and art ific ial 
illuminat ion , s ens ing of human occupancy , and the nece s s ary controls 
and adjustment s .  Employee service and f inanc ial systems require a 
variety of automat ic recording and data logg ing systems . Al l of the se 
have the ir own requirements for cable and for control centers . 

We will first cons ider control s for the building systems that 
pertain to the indoor environment - -heat ing , vent ilat ing , a ir 
condit ioning , air qual ity , and l ight ing . We will then turn br iefly to 
such supplemental building systems as e l ectric power usage monitor ing , 
f ire suppre s s ion , and security . 

As suring a satis factory indoor environment involve s not only 
heat ing , vent ilat ing , and a ir - condit ioning (HVAC ) but also air qual ity 
and il luminat ion . While this is true for all buildings , an 
electronically enhance d  office has some unique requirement s .  For each 
of the s e  environmental control systems , a choice must be made between 
building -vide ( or zone -vide ) control and local control , and between 
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central or programmed control and individual occupant control . 
Whatever choice is .. de , the systea aa.t be capable of e ither 
cont tnuoua ly aeasuring a part icular attribute or detect ing a threshold 
point and responding to that aeasureaent . 

In a traditional office setting , workers spent as much as 35 
percent o f  the ir t ime on the move , delivering documents ,  copying 
documents ,  in group discus s ions , or on coffee breaks . Upper manageaent 
spent as much as 70 percent of its t iae away froa desks , in aeettnga 
and in the field . This ainiaized the length of t iae any individual 
spent under the air diffusers and lights over their desk , in contact 
with a cold floor or sun- broiled window , enveloped by non-muted office 
no ise or completely removed from daylight and view . The electronic 
workstat ion , however , has changed the allocation of t ime at the desk 
and away , to such an extent that the environmental condit ions , once 
tolerable , are no longer so . This dis satisfaction is further 
aggravated by the equipaent itself , with its heat and noise generation , 
and its s ens it ivity to l ight reflection . The result is a far greater 
need for locally or individually controlled environmental 
condit ions - - individual input into the control of l ights , heat , air , 
noise as wel l  as access to and control of windows ( contact with a 
"healthy" environment ) .  This in turn requires a greater investaent 
into the init ial aechanical systea . 

Heat ing , Vent ilating , and Air Conditioning 

In the past , office environments were relatively uniform , except 
for the c l iaat ic factors that beat on the facades . Buildings could be 
s imply zoned for north , south , eas t , and vest , with core loading and 
stra ightforward aechanical "trades "  laid out . Today , however , without 
coordinat ion of individual space planning in each office , the 
d ifferent ial loading can occur a dozen t iaes on each floor , not to 
aent ion from floor to floor , requiring a drast ically different ( and 
flexible) aechanical network for infinite zoning , and .. j or increases 
in local control technolog ies . As with the cable network , the BVAC 
network in such offices can be infinitely flexible ( and expens ive ) , or 
it can be modularized and coordinated with the space planning of the 
office in the conceptual des ign stages . 

Electronic equipaent generate s  heat , and electronically enhanced 
buildings require more cool ing capac ity than convent ional buildings in 
order to offset this . Moreover , the heat generated by electronic 
equipaent is not l ikely to be uniformly distributed within the 
building , and the locat ion of "hot spots "  aay change with t iae as new 
electronic equipaent is added and as office layouts are reconfigured . 
Therefore an electronically enhanced office building needs not only 
aore cool ing capac ity than a convent ional building , but a cool ing 
systea of suff ic ient flexibil ity to accommodate change and 
reconfigurat ion . 

Electronically enhanced off ice buildings are also , because of their 
extens ive use of electronics ,  priae candidates for autoaated control of 
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the ir heating and cooling systems . The use of automated controls can 
enhance the building ' s  abil ity to cope with variat ions in heating and 
cool ing demand assoc iated with var iat ions in the distribution and use 
of electronic equipment . Rev installat ions in convent ional buildings 
often use central energy management and control systems , some with 
direct digital control for air -handl ing units . Central control systems 
without energy management are also common . 

The air distribut ion systems used today in convent ional buildings 
do not lend themselves to ready change as workstat ion heat loads or 
the ir locat ions change . Instead , individual closed- loop unitary 
heatpump systems are ins talled , and fan coil units equipped with 
heat ing and cool ing coils are used . Ne ither of these systems provide s 
any humidif icat ion . Hoving them or adding new one s  at dispersed 
locat ions involves new condensate drains , e lectric power (espec ially 
where heat pumps are used) , new duct installat ions , and new controls . 

Induct ion syste.. for office condit ioning are suppl ied with air and 
hot or cold water ; they can heat and cool s imultaneous ly . They can 
also offer central humidificat ion . In high- rise buildings these 
systems are usual ly controlled by the outs ide a ir temperature , with two 
zones (north and east , south and west) operating in e ither a heat ing or 
cool ing condit ion with no provis ion for humidity control . Supplemental 
air condit ioning is frequently provided by air - cooled direct - expans ion 
units located in the ceiling plenum . In the rehabil itation of existing 
buildings these a ir - condit ioning units frequently are not exhausted or 
supplied directly to or from the exterior . This results in heat 
build-up in the plenum and work space . This type of retrof it doe s not 
provide addit ional vent ilat ion for the occupants .  In addit ion 
convent ional systems include terminal reheat systems , which are 
energy- intens ive , and dual - duct systems , which require large quant it ies 
of space for ducts and are also energy- intens ive . 

Air ducts are located under ra ised floors or in ceil ing plenums . 
Locat ing the cable under a raised floor separate from the return air 
plenum and supply ductwork can be a cos t - saver . This reduces the 
quant ity of expens ive Teflon- coate d  wiring required and is appl icable 
to ra ised floors of l e s s  than 6 inche s .  On the other hand , des ign to 
accommodate both ductwork and cabl ing under a raised floor allows 
central computer equipment to be cooled directly (appl icable to raised 
floors of over 6 inche s to 1 foot ) . Acc e s s  and re locat ion are eas ier 
than with a ceiling plenum . 

Supply air and return air , under a ra ised floor , can be distributed 
relat ive ly eas ily to individual workstat ions and the distribut ion paths 
can be modified eas ily as heat loads become greater and the ir locations 
change . Al l vent ilat ion air can be supplied centrally in the floor . 
Individual zones can be controlled by variable air flow boxe s , mixing 
dampers , or fan coils connected to the c entral outdoor air supply 
through the plenum . 

In the past , buildings were often de s igned with high ceilings , 
some t ime s  with ezposed construct ion , hung ceilings with higher 
floor - to - floor he ight s , and l imited vertical chase area . Modern 
practice can provide ra ised floors from 5 to 12 inches high t�t 
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accommodate air - condit ioning supply or return a s  we ll as power and 
communicat ions cable . The s e  can then e l iminate the hung ceiling and 
reduce the floor - t o - floor he ight . Raised floors require les s space 
than hung ceilings that must be instal led with clearance below the 
s tructural beams . In new buildings the reduced building he ight may 
s ave more in construct ion cost than the addit ional cost of the rai s e d  
floor . When doing a l ife - cycle cost analys is with raised floors , the 
pos s ible savings in first cost in the installat ion of duct work and 
wir ing with the ra ised floor ( it cos t s  le s s  to work on the subfloor 
than from ladders and s caffolding) and the savings in future 
ins tal lat ion cos t s  for mechanical and electrical systems to accommodate 
change should be taken into cons iderat ion . 

New Technical Deve lopments 

Among the new technical deve lopment s appl icable to HVAC sys tems for 
electronically enhance d  office buildings are the following : 

Variable - a ir volume (VAV) supplies can be provided at each 
open -plan workstat ion . The supply quant ity can be controlled by a 
thermostat located at the occupant ' s  works tat ion . The advantages of 
such a system inc lude better distribution to each workstat ion , 
localized control according to occupant needs , adaptabil ity for 
relocat ion or reorganizat ion of space , and reduced energy use during 
off -peak periods . 

Air can be centrally filtered and individual f ine - tuning can be 
provided at the workstat ion , under the control of the occupant . 
Central sys t em controls can inc lude chilled -water temperature control 
and condens er -water temperature control to vary the supply according to 
load . Hinicondens ing units can be added to exis t ing floors as loads 
change to provide local ized cooling and dehumidificat ion . Hos t  
exis t ing a ir - condit ioning systems , including dual - duct , t erminal reheat 
systems , constant -volume , variable - temperature models , and mult i - zone 
unit s , can be converted to VAV systems to meet zone temperature 
requirements and conserve energy . Because electronically enhanced 
buildings have greater heat loads than convent ional buildings , it is 
important to conserve energy in all sys tems to compensate for thes e  
loads . Cool ing storage us ing ice or chilled water can be a peak- demand 
saver . Latent heat storage sys tems are emerg ing that will reduce the 
cooling storage bin volume and costs . 

Heat recovery from l ight ing , mechanical equipment , computers , and 
occupants can be provided through a variety of systems , inc luding heat 
pumps (water - source ,  centra l , or closed- loop) , a ir - to - a ir energy 
recovery unit s , re frigerant - to -water heat - recovery systems , compressor 
heat recovery , and heat - rec laim chillers . The appl icat ion of 
heat - recovery equipment has increased with the increased heat loads of 
computerized fac ilit ie s . The us e of thermal s torage sys tems is 
increas ingly feas ible for a building complex that requires year - round 
a ir condit ioning for its equipment . Generat ing chilled water at 
off - peak hours offers addit ional re l iabil ity for high - te chnology 
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buildings as it reduces the risk of brown-out and takes advantage of 
lower off-peak rates . 

The growing use of e lectronic equipment will increase the need for 
humidificat ion . Many buildings do not provide winter humidification . 
Those buildings that do frequently use steam pans , s team inj ect ion , 
spray , or a ir atomiz ing . The s e  systems are generally incorporated into 
the a ir -handl ing unit . In some spec ial appl icat ions , unitary 
humidifiers are installed . Condensat ion occurs on s ing l e - and even 
double - glaz ed windows . New capabilities include s ensors to dete ct 
humidification levels and s ignal the humidifier to provide more or less 
moisture ; triple and quadruple glaz ing to e l iminate condensat ion on 
windows ; glaz ing coatings that raise the glaz ing t emperature to prevent 
condensation ; unitary humidifiers that operate by compres s e d  a ir to 
eliminate algae growth and other biological problems ; and ultrasonic 
humidifiers that do not create condit ions for algae growth or · bacteria 
product ion . 

Direct digital control (DDC) for air -handl ing units is 
cost - effective , saves energy , and responds quickly . DDC for individual 
terminal equipment is emerging but is more cost ly at pre sent . DDC can 
be us ed to control building systems with computerized management 
sys tems , providing quick response .  This allows computer rooms and 
areas that require off-hours cooling to be condit ioned a s  required 
without cooling general office area s . Use of modular chiller equipment 
with building control s  allows the building to operate effic ient ly and 
to provide a variety of environmental condit ions , inc luding selective 
t emperature control , humidificat ion , dehumidificat ion , and air 
filtrat ion for people and equipment . 

It is a l so po s s ible to ut ilize co- generat ion based on balanced 
thermal and electrical loads in buildings . The se systems require a 
steady year - round demand for e lectric power and thermal energy . The 
systems , which generate electric ity at a building s it e , capture the 
waste heat for space and water heat ing and absorpt ion cooling , but may 
not be as rel iable or offer the same "qual ity" of power . 

Air Qual ity 

Problems with a ir qual ity have a lways existed , but they have become 
more pronounced in recent years . OUtga s s ing from part ic le board and 
synthet ic materia l s  yields formaldehyde and other contaminant s . The 
addit ion of e l e ctronics in workstat ions can lead to increased levels of 
contaminat ion from insulat ion outga s s ing . The s ituat ion has been 
further aggravated as the us e of outdoor a ir for vent ilat ion has been 
reduce d  and buildings have been made t ighter to reduce infiltrat ion and 
cons erve energy . 

New t e chnical capabilit ies for controll ing a ir qual ity inc lude 
decreas ing pollutant s at the source by understanding the nature of 
materials and care fully spec ifying materials that do not outgas ; 
monitoring air condit ioning before occupancy and before is suing 
occupancy cert if icat e s ; ins tall ing s ens ing and monitoring equipment 
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that wil l detect the type and quant ity of contaminants and toxic gases 
and operate the outdoor air dampers to increase outdoor a ir quantity as 
required for d ilut ion ; and insta l l ing induct ion or power units at the 
out let of the VAV box to ma inta in constant air del ivery to the space , 
and therefore constant air pattern , regardless of thermal requireaents .  

VAV systems are controlled by sens ing thermal conditions only , so 
that in the cool ing cycle , for instance , the mixing dampers modulate to 
a 75 to 90 percent closed condition as the space cooling requirements 
are reduced and less air is supplied to the space . The amount of 
outdoor a ir is also proport ionately reduced , and the air distribution 
pattern de s igned for full a ir del ivery is changed so that 
short - c ircuiting can occur between supply diffuser and return gri l le . 

Less , or no , air is c irculated at the occupant level tn the 
workstat ions , and , thus , contaminants are not diluted and not flushed 
out of the building . 

It is nov pos s ible to maintain constant outdoor - a ir vent ilation 
quant ity in a VAV system . As the variable air volume supply fan is 
modulated to c irculate less total air , the variable outdoor a ir intake 
damper is modulated open to maintain the basic outdoor air quantity to 
the system . Thus , the two potent ial problems of a VAV syst em can be 
overcome : fan-powered VAV boxes to maintain constant a ir distribut ion 
in the occupied space and automatic increase of outs ide a ir to 
compensate for reduced total a ir flow . 

Illuminat ion and Dayl ight Control 

Long hours of word proce s s ing on a microcomputer , or short hours 
doing fine graphic work on a CAD/CAE workstat ion will quickly emphas ize 
the inadequacy of convent ional task- ambient l ighting systems and 
conventional window controls for dayl ighting . The reflection of bands 
of c e i l ing l ight fixtures or windows is as much a probl em as the high 
contrast ratios created by uncontrolled expanses of l ight ing and 
dayl ight ing and the image s on the screen of a CRT . The solut ion goe s 
beyond the s imple spec if icat ion of an appropriate task and ambient 
l ight ing sys tem , to the rethinking of enclosure des ign in re lat ion to 
inter ior spaces (or vice versa) . Each of the dayl ight innovat ions , 
l ight she lves ,  top lighting ,  s ide l ighting ,  splayed windows , and 
dayl ight diffusers or blinds must be cons idered in relat ion to the 
de s ign of the art ificial l ight ing system , for task or for ambient 
l ight ing needs . Careful attent ion needs to be paid to window s iz ing 
and conf igurat ion , and the ir re lat ionship to interior l ighting grids . 

Electric l ight ing in the past vas generally a uniform pattern of 
fluorescent fixture s - -reces sed , surface -mounted , or pendant -hung- -with 
l imited controls . New emphas is has been placed on the opt taizat ion of 
dayl ight and the control of electric light in the office environment . 
The use of light shelve s  and glare free skylights is evidence of this 
trend . Sophisticated photosensitive switching and dtmmtng systems 
lover electric l ight ing leve ls to take advantage of available 
daylight . Other automatic lumen maintenance controls al low for the 
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tunina of e lectric li&hting systems for particular task needs . Lumen 
maintenance controls respond to the chanaes in lumen output of a 
1iahtina system that occur as lamps and luminaires aae . Automatic 
occupancy sensors can turn liahts off in unoccupied areas . The 
thouahtful intearation of these automatic liahtina control strateaies 
is an important step in the design of enhanced working spaces .  

Task-ambient li&htina systems are a response to the prevalence of 
electronic equipment in the office environment . Low ambient l i&htina , 
often provided by floor , furniture or ceiling mounted indirect 
fixtures , or briahtnes s  direct parabolic louvered luminaire s , is 
sensitive to the needs of VDT users . Individually controlled task 
li&hts intearated into workstations allow for increased l iaht levels  
needed for reading printed materials . 

Acoust ic Requirements 

If the noise in the tradit ional office vas bad , electronic offices  
can be unbearable without a maj or recons ideration of acoustic qual ity . 
The keyboards ,  disk drives , printers ,  and mainframes each contribute to 
distractina and hiah pitch noise levels . The new office environment 
requires that accessible rooms for shared services which are 
acoustically treated be dotted around the floor plan . Peripheral s  such 
as dot -matrix printers that are to be located with individuals have to 
be accompanied by acoustic covers or acoustic surrounds for the 
workstation . Floor , ceil ina , and vall surfaces as vall as window 
controls have to be selected to diminish sound reflect ion within the 
spaces and transmis s ion between spaces . Vibration must be handled , 
especially from larae mainframe computers and printers . The noise and 
vibrat ion specifications of each piece of electronic equipment must be 
known , alona with translat ions by the technoloay aanaaer as to its 
des ign s ignificance . 

Honitorina of Electric Power Usaae 

The method of meterina electric ity in any buildina depends on local 
power company rules and on the rate structure . A tenant occupyina 
several floors in an electronically enhanced building aay wish to 
monitor the usaae on each floor . Meters can be installed at the 
takeoff from the e lectric power riser at each floor . If demand charaes 
decline with increas ina demand , meterina each floor is a disadvantaae 
because the laraer , aagreaate demand measured by a master meter may 
call for a lover rate . Similarly , time -of-day rates , which are comina 
into widespread use for large customers ,  would also favor the use of a 
master meter . If informat ion on spec ific area consumpt ion is des ired , 
check meters could be installed downstream of the master meter without 
affecting the rate charged .  

Common buildina services , such as central refriaeration , central 
air condit ionina , fans , cool in& towers , public area liahtina , and power 
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for elevators are metered and billed to the building owner . The 
proportion of this cost charged to each tenant must be clearly 
established in the lease . 

Fire Suppres s ion Systems 

General office spaces  in electronically enhanced buildings should 
be equipped with sprinkler systems in the same manner as conventional 
office spaces in accordance with local codes and insurance carrier 
requirements .  

Computer rooms and magnetic tape storage rooms should be protected 
by preact ion sprinkler systems us ing two -pos it ion heads activated only 
by intense heat in order to minimize water damage . These are hybrid 
systems that remain dry unt il a valve is opened in response to a fire 
detection sensor . 

Raised floors should be protected with halon systems (Halon 1301 is 
a gas twice as heavy as air and is capable of seeping through cracks 
inacces s ible to water) . Halon systems can ext inguish fires under 
raised floors quickly with little damage . 

Entire computer rooms can be protected with halon systems but it is  
essent ial to evacuate the room before the system is act ivated . The 
amount of halon required to protect an ent ire computer room makes this 
a costly option . An exhaust fan must be used to vent the halon from 
the room after discharge . 

Security Systems 

Two types of security are important in electronically enhanced 
buildings - -phys ical security and informat ion security . 

Phys ical security can be provided by barriers , gates , mantraps ,  and 
intrus ion prevention systems . Access to areas within a building can be 
controlled by locks , card access  devices , closed c ircuit televis ion ,  
watch tour stat ions , and motion detectors . The extent of security 
provided will  depend on the type of operat ion be ing conducted and the 
philosophy of the fac ility operator . 

Informat ion security can be provided through communication 
scrambl ing devices , secure telephone systems , nonradiating cable 
systems , and cryptographic devices . 

Building security services package a variety of environmental 
s ensors ( that detect sound , motion , light , or time ) with mini- or 
microcomputers as processors , and with data , sound , light , or act ion 
command output devices ,  e ither through an extens ive cabl ing network or 
through wirele ss  (radio) communicat ions . 

50 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Electronical ly Enhanced Off ice Buildings
http:/ /www.nap.edu/catalog.php?record_id=19116

http://www.nap.edu/catalog.php?record_id=19116


TAXING FUTtJB.E CHANGE INTO ACCOUNT 

When planning a building that is l ikely to have a useful l ife of 
many years , it is reasonable to ant ic ipate a success ion of users or 
occupants moving through the fac il ity during that period . Each 
succeeding "generat ion" of users will have a new purpose and make new 
demands on the building . Even a static building populat ion will 
cont inually seek to make more effective use of the space and to acquire 
furnishings , fixtures ,  and equipment that offer higher performance and 
make a greater contribut ion to individual productivity and 
organizat ional effect iveness . In addition , throughout the l i�e of the 
building there will be new technological developments ,  new approaches 
to the organizat ion of work , and changes in the economic c l imate . 

The proj ect administrator working in this environment must 
determine three things : ( l )  how much and what kinds of capac it ie s are 
likely to be needed in the future ; ( 2 )  when those needs will  occur ; and 
( 3 )  where in the building they will be needed . The locat ion factor is 
already of concern . One maj or corporat ion has reported that in a 
recent year , 50 percent of the office workers at one locat ion were 
relocated within the building at least once . This " churn rate "  is not 
excessively larger than industry-vide estimate s .  To a great extent , 
the strategic planner must choose to spend resources for a higher level 
of service or greater capac ity nov or to postpone them . In other 
words , an organizat ion must decide whether to expend resources nov in 
ant ic ipat ion of an as-yet nonexistent need , or to defer expenditure s ,  
when it is l ikely to cost more . 

If unused capac ity , in the form of overs ized plenums , ducts , 
risers , etc . , is installed too soon , then two kinds of costs are 
incurred : ( l )  other , more urgent expenditures may be pos tponed and ( 2 )  
the unused capacities must be maintained .  Alternatively , these 
capac it ies may be increased after the building is in service , with the 
attendant disrupt ion . These factors relate to the costs of 
flexibil ity , and the strategic planner should choose the least- cost 
alternative over the fac il ity ' s  life cycle . The alternatives - - capac ity 
nov , capac ity later - -must be expressed in terms of their (discounted) 
present value . But calculat ions of this sort may be mis leading if they 
are based on an assumption of uniform level of service or performance 
nov or in the future . What is like ly to occur , given the recent 
history of electronics and telecommunications , is a continued increase 
in levels of service , including greater computat ional capac ity , greater 
speeds , and more stable , rel iable performance .  Although this suggests 
that there is little advantage in be ing overly precise about the exact 
nature of the emerging technologies , it does not imply that technical 
judgments should be deferred . Rather ,  choices must be made as to the 
degree of flexibility or adaptab il ity to be incorporated in the des ign . 

These terms - - flexibility and adaptabil ity- -are not synonymous but 
are c losely re lated .  They may be distinguished as shown in Table 1. 
An electronically enhanced building may provide adaptabil ity or 
flexibility or even a l ittle of each , depending on the strategic course 
adopted . 
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TABLE 1 Characteristics of Flexibility and Adaptability 

Qual ity or Attribute 

Definit ion 

Technological locua 

Flexibility 

Provides a uniform 
level of service at 
mult iple points 

In the mechanical 
service 

Relation to apace Subdivides a 
fixed magnitude 

Relat ion to t ime Antic ipates ,  proacta 

Expenditure of resources Nov 

Level of service Uniform 

Aesthetic form Regular or periodic 
modularity 

Scale of change Smaller , incremental , 
early obsolescence , 
init ial expense 
for services 
that may or may not 
ever be required ,  
assumes an upper l imit , 
not eas ily changed 

Disrupt ion Less if no new 
services are added 

Volumetric needs 

Ma intenance 

Fores ight needed 

Opt imal tenant " s ize"  

Can be done in 
less space , but 
space is highly 
engineered and 
surfaces finished 

High 

More 

Suited for larger 
number of smaller 
tenants 
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Adaptability 

Provides a capability 
to accommodate change 

In the structure or 
enclosure system 

Extends , poss ibly 
irregularly 

Accommodates , reacts 

Later , on demand 

Point- spec ific variat ion 

Free- form ; amorphous 

Larger , chunkier , takes 
advantage of changed 
technology , expense 
for defined require 
menta only as they 
occur , can accommodate 
whatever is required 
in the future 

More 

Mora extens ive in space 
use , but spaces required 
are not expens ive be 
causa of fever environ
mental requirements 

Lover 

Less 

Suited for smaller 
number of larger 
tenants 
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4 

THE PROCESS OF ACOUIIING AN ELECTllONIQALLY ENBANCED BUILDIRG 

BACKGIOUND 

Elevators became important in office buildings toward the end of the 
last century , but architects had not yet acquired sufficient knowledge of 
their technology to incorporate them in the ir working drawings . As a 
result , office buildings were des igned in the traditional way without any 
reference to the use of elevators , and specialty contractors were brought 
in by the owner once the buildings were constructed to des ign and install 
the elevator ( s ) . Obviously this was more costly for the owner , ignored 
the need to des ign the building ' s  spaces  and structure to reflect the use 
of elevators , and added loads to the electrical system (which vas still 
primitive itself) and raised questions of fire safety . Similarly , the 
modern office building is often des igned without a real recognit ion of 
eventual electronic enhancements .  Many architects are still not 
knowledgeable enough to incorporate these systems in the ir original 
des igns , and most electronic enhancements are added by specialty 
contractors after the building is done . 

When the proj ect ' s  miss ion statement has identified the decis ion to 
incorporate advanced electronic technology into a new building the 
acquis ition process is straightforward if untradit ional . lather than 
proceeding in the usual way- - des igning the structure and its exterior 
first and the interior afterward- - the ent ire building should ,  to the 
extent pos s ible , be des igned as an integrated system . It is necessary to 
define , as completely as pos s ible , the act ivit ies l ikely to be carried out 
in the building and to identify the degree of flexibility and . adaptability 
likely to be needed to modify those act ivit ies in response to changes  in 
the bus ines s  world and changes  in technology . Then decis ions can be made 
concerning the occupant requirements that will define the bas ic building 
systems - -requirements for electric power , interior environmental control , 
communications , security , safety , and various organizat ion- spec ific 
issues . These requirements will lead to criteria that the building des ign 
must satisfy . 

To do this requires ant ic ipating the activitie s to be carried out in 
the building to a degree not normally practiced , and to do so at an 
earlier stage in the proces s . It requires bringing together a 
mult idis c iplinary team of experts .  It is this assemblage of expertise , 
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and the integrated , iterative process  of des igning the building ' s  
structure and infrastructure that it impl ies , that represents a break with 
tradit ion . Involvement of in-house operat ing personnel and maintenance 
supervisors in review meet ings during des ign and construct ion can provide 
an opportunity to foster quick and effic ient repair later . Although this 
is not normally an element of profess ional de s ign programming , it is an 
opportunity for the strategic planner to benefit from his ma intenance 
staff ' s  knowledge . In turn , an understanding by the maintenance crew of 
the reasons behind the building ' s  des ign will enhance overall operat ions . 
For buildings in the public sector it may be necessary to remove 
organizat ional constraints to gaining wide partic ipat ion by legislative 
action . 

This approach will produce a coherent , integrated plan for use of the 
building ' s  interior that takes into account the space requirements for 
wires and cables , the heat load from computerized workstations , and the 
need for adaptabil ity and flexibil ity in the use of both technology and 
people . This plan will encompas s  such bas ic building systems · as heating 
and a ir condit ioning , electric power , illumination , and security . It will 
also inc lude cons iderat ion of the suitabil ity of the building and its s ite 
for microwave , satellite , and groundline s ignal propagat ion . 

The technical ities of phys ically accommodat ing office automation are 
not unusually compl icated . However , it is important to obtain the 
technical advice neces sary with regard to telecommunicat ions , office 
automat ion , building management and control ,  etc . It is also essential to 
orchestrate the proceedings of the team of experts to ensure t imely 
complet ion of the ir activity to maintain the budget and schedule . 

In addit ion to cons idering electronic enhancements in the des ign 
stage , the planning team must examine evolving changes  in the organization 
of the work place and work force . These changes might include flex - t ime 
(which encourages sharing of offices  and facilities ) ,  the changing ratio 
of profes s ional employees to clerical staff , the spreading emphas is on 
health and day- care fac ilities in the workplace , and the emergence of team 
interfac ing via personal computers at the workplace .  This serves to 
emphas ize the paramount importance of adaptab il ity and flexibility in the 
building to accommodate changes  in work , style , and structure . 

The s ingle most important requirement in the des ign of a new 
electronically enhanced building is that the right que stions are asked , 
and the right expertise sought , at an early enough stage in the planning 
proces s . The proj ect administrator should draw on whatever informat ion 
and expert ise is necessary at an appropriate and timely stage in the 
proce s s . This will avoid the later discovery that a particular opt ion has 
been ruled out , or rendered unduly expens ive , by a decis ion made earlier 
without realiz ing its full impl ications . This same concern for t imely 
solic itat ion of expertise exists at all later stages . However , it begins 
at the strategic planning stage , and requires an understanding of the 
ent ire building proce s s . 

The acquis ition of a building is a continuous process . Breaking it up 
into stages is somewhat arbitrary , and there is no one best way to do 
this . For the purposes of this discus s ion of strategic planning , it is 
useful to think of the following distinct but overlapp ing stages : 
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THE EAIU.Y STAGES 

The tradit ional office had a forgiving l ist of needed , shared 
facilities , a coffee pot at the receptionist ' s  desk or an office lounge 
with a kitchen , a . copy machine in the hall or a print room , distributed 
file cabinets or a file/storage room . In addition , the funct ions and 
furnishings of these shared facilit ies vera eas ily within the expertise 
of the architect . Today ' •  electronically enhanced office buildings , 
however , are a completely different story . There are cable management 
rooms ( 6  feet by 8 feet ) , sometimes two to a floor- -a far cry from the 
telephone closet panels in more tradit ional des igns . There are nov 
mainframe computer rooms to house the large , noisy , heat - generat ing 
equipment needing an expert technic ian for maintenance .  There are 
shared minicomputeer , microcomputer and CAD/CAE spaces , where 
one -of - a -kind or expens ive peripherals are housed . Finally , there are 
the innovat ive teleconferenc ing and video rooms , with very spec ific 
requirements for layout , cabling , heat ing , cool ing and ventilating , 
l ighting and acoustics . In the des ign of these advanced fac ilities a 
technology manager is needed for ensuring that such issues as 
appropriate locat ion , organization , access , structure , environmental 
controls and interior finishes are adequately addressed . 

In the building acquisition process , the strategic planning stage 
represents the first opportunity to think in an integrated vay about 
all aspects of the building , from its location and aesthetic image to 
its floor plans and interior des ign . It is in these early stages that 
the importance of antic ipat ing in detail the activities that will be 
carried out in the building and the demands they will make on the 
building and its equipment and services first becomes apparent . 

The implementation of the strategic planning stage cons ists largely 
of an expans ion , refinement , and detailed recons ideration of the 
strategic dec is ion process and its · result ing mis sion statement . The 
pre - development activities include attent ion to such external factors 
as : ( 1 )  lava , regulat ions , zoning . codes . •  building codes , and union 
agreements :  ( 2 )  investments ,  taxe s , and real estate : ( 3 )  the commercial 
availability of technology , expertise , equipment , materials , and labor : 
and (4) the availabil ity of . capital . It also includes cons ideration of 
such internal factors as : ( 5 )  the organization ' s  overall goals and 
long- term strategie s : ( 6 )  the organization ' s  image , culture , and 
traditions : ( 7 )  the organization ' s  s ize , management structure , and 
operat ing style and the impl ications these have for its ut ilization of 
building space : ( 8 )  the organizat ion ' s  financ ial s ituation : ( 9 )  and the 
organization ' s  leaders , employees , and customers or cl ients . 

Against this background , the goals and constraints set forth in the 
miss ion statement are reexamined ,  and the organizat ion ' s  needs and the 
opportunities it faces are addressed . A broad set of options ,  
encompas s ing such aspects a s  location , architectural character , and 
s ite planning , are ident ified . The se options are assessed in terms of 
the ir cost , feas ibility , contribution to the organization ' s  mis s ion , 
and corollary requirements .  The latter include such features as the 
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electronic infrastructure to be built in or prepared for , the 
ventilating and cooling capacity required ,  and the opt ions for 
achieving energy effic iency . At this point it should be poss ible to 
produce a document containing preliminary des ign guidel ines . This 
document might be an expanded vers ion of the mis s ion statement , setttna 
forth a summary of the options and the asses sment of each and deftnina 
the criteria that will guide the des ign process . 

These init ial des ign guidelines are examined for feasibility and 
cons istency with overall corporate goals . They are then subj ected to 
final review and formally adopted . They are used as a start ing point 
for the pre - des ign process . 

In the pre - de s ign process , the des ign guidelines are developed 
further ; more detailed requirements and criteria are written ; and a 
complete set of requirements is developed .  This stage , too , is carried 
out in several iterations , with the final program subj ect to extensive 
review before be ing adopted . The pre - des ign stage sometimes 
reassembles or reexamines information originally developed tn the 
pre - development stage , always with the goal of specifying the 
informat ion for a particular building proj ect . It identifies how bia 
the building should be , the groups to be located there , the 
technologies to be incorporated , and the design direction the buildina 
(or retrofit ) will take . 

The general procedure just outl ined will be carried out for any 
proj ect involving new construct ion or renovation . The important factor 
when advanced electronic technology is envisaged for the new or 
renovated facility is that cons iderat ion be given to : ( 1 )  the 
activit ies ant ic ipated for the building , with emphasis on their 
e lectronic aspects ( computers and communicat ion systems ) ; ( 2 )  the 
bas ic building systems that will be needed , with emphas is on automated 
electronic controls ; and ( 3 )  the interdependencies between the two . 
This will be accomplished most effectively if the pre - development and 
pre - des ign processes rece ive the benefit of input from a 
multidisciplinary team of experts . Such a team might include , in 
addition to executives of the organization that will occupy the 
building , experts in proj ect management , architecture and engineering 
des ign , construction , interior des ign , materials , ergonomics , 
organization and management , training , industrial and environmental 
psychology , health , safety , security , law,  communicat ions , computers , 
office automat ion , indoor air quality , l ight ing , building sys�ems , wire 
management , and building operat ion and maintenance .  These individuals 
may be in-house experts or consultants . 

There are at least four different sets of concerns that do not 
apply to convent ional buildings but that should be taken into account 
in developing the des ign requirements for an electronically enhanced 
building : 

Infras tructure cgncerns deal with capac ity and geometry of the 
vert ical and horizontal distribution of wires and cables ,  whether the 
wiring and cable is all installed initially or some of it is deferred 
for future installat ion ; heating , vent ilating , and air conditioning 
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systems ; power and uninterrupted power supply issues ; equipment space 
allocat ions ; structural ability to support roof top antennae and other 
heavy support equipment ; acces s  to utility services for telephone , 
f iber opt ic cables , CATV cable , and other communication services ;  
l ighting ; acoustics ; floors and valls ; fire safety ; and security . 

xanagement copceros involve the competit ion for space and for 
e lectronic resources within an organization ; the selection of external 
providers of equipment and services ; the maintenance and repair of 
equipment , and , in a multitenant building , the pos s ible provis ion of 
common communication and computat ion services to tenants on a 
shared-use bas is . Ideally , all of these will cons ider life - cycle 
costs . Management of the roof- - i . e . , determining the l ine - of- s ight 
satellite access  from the roof and managing installations to ,nsure 
there is no interference from one with another- -has become a new 
concern of great importance to the communications requirements of 
building occupants .  

L&gal concerns include contractual matters , building code issues , 
and the complex regulatory issues surrounding telecommunicat ions and 
shared tenant services in the wake of the AT&T divestiture . Que st ions 
regarding permits , building codes , and union agreements are common to 
all  construction and renovat ion , but they can be more complex and 
s ens it ive where e lectronic enhancements are contemplated . Shared 
tenant service offerings must be c leared by the regulatory agenc ies 
(usually state public ut ility commiss ions ) that have jurisdiction over 
a proj ect . Such offerings must also be weighed with regard to the 
risks ( including potent ial increased liabil ity) to which they expose 
building owners and managers . Guarantees of indemnification by 
communicat ions providers , and proper exculpatory language in tenant 
leases  and contracts for the purchase of communications and other 
electronic services , are essential if the property developer ' s  and 
owner ' s  interests are to be protected . 

Economic concerns have to do with the successful economic 
performance of the space for both the building owner and the tenant . 
What const itutes an imp�oved economic return will be measured in hard 
and soft terms , and the value will be in great part subj ect ive , 
depending on the value judgments of the individual partic ipants .  Such 
factors as first cost , l ife - cycle costs , base building costs , marketing 
costs , tenant improvement costs , and other traditional developer or 
tenant costs can be repre sented in a matrix or s imilar format that 
allows each party to apprec iate the contribut ion that such value s 
provide to the ir individual operations . Through this proces s , the 
developer can make informed dec is ions on the amounts and nature of 
pre - de s ign costs to be developed ,  and the tenant can compare 
alternat ive space choices and the ir contribut ion to the overall 
economic return in the s ite selection process . In the speculat ive 
building , a trade -off is made with regard to the quest ion of which 
costs will be borne by the developer in the construction of the shell 
and core , and costs will be borne by the tenant . Often it may be the 
case that a deve loper chooses to shift expenses from the building to 
the tenant , thereby , making the building less expens ive to construct 
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but more expens ive to occupy . In sum , such a shift may not be cost 
effective in an overall sense , but it may make the building more 
marketable by reducing perceived rents . 

THE ROLE OF THE PROJECT ADMINISTRATOR 

Managing the process of acquiring a technologically enhanced 
building requires the coordinated efforts of architects , engineers , 
building contractors , skilled craft workers , and a host of other 
experts . A principal figure is the proj ect administrator , who must 
manage and coordinate these efforts and ensure that the right expertise 
is called on at appropriate stages of the process . 

With the bas ic des ign requirements for the building determined , a 
key role is performed by the individual ass igned the task of 
shepherding the processes of des ign ,  construct ion , and init ial 
occupancy . This is true both for new cons truct ion and for renovation . 
The proj ect administrator is in a pos ition to play a role far greater 
than what is nov normal pract ice for a proj ect manager . A primary 
function is to serve as an integrator and fac il itator . The proj ect 
administrator should have been involved in the pre - des ign stages and in 
early discus s ions with the mult idisciplinary team . It will be his or 
her job to assemble and ut ilize an appropriate group of experts , to 
handle the bidding and contracting , to incorporate modificat ions as 
necessary , and to work with the building ' s  future occupants to develop 
the procedures and training programs needed if the building is to be 
used effectively . 

The proj ect administrator will be the " informat ion broker" between 
the various experts and the building owner and occupants .  Much of the 
respons ibility for the successful introduction and use of advanced 
electronic technology will rest with this individual . 

The proj ect administrator has a unique opportunity to foster 
integrat ion of the new or renovated fac il ity with it s advanced 
electronic capabilit ies  into the occupying organizat ion ' s  structure and 
working style . To achieve this , the proj ect administrator should 
interact closely with the organization ' s  leaders , strategic planners , 
and managers . The administrator should understand the organizat ion ' s  
goals , its corporate culture , and the att itudes of its managers , 
employees , customers , and cl ients . He or she should be able to 
antic ipate the l ikely resistance to and acceptance of the new 
technologies and should work with managers in developing 
familiarization and training programs . He should understand changes in 
the organizat ion ' s  management structure that may result from new 
technological capabilit ies and should work with top management to bring 
these about in an orderly manner . He should be sens itive to the 
effects of the new technology on individual employees from the points 
of view of training , career development , health , and well -be ing . He 
should understand the importance of new phys ical arrangements for 
individual workstat ions , new opt ions for individual control of 
l ighting , noise , and temperature , and ergonomic des ign of furniture . 
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He should understand the demands that the new technology will  .. ke on 
the personnel responsible for building operation , .. intenance , safety , 
and security . He should play a lead role in developfna "feedback" 
mechanisms to ensure that new capabilities are beina used properly and 
effectively . 

In short , the proj ect administrator is the s ingle individual best 
suited to manage the implementat ion and effective integration of new 
electronic building technology into the organization ' s  activities . 

THE DESIGN , CONSTRUCTION , AND COMMISSIONING STAGES 
OF THE BUILDING ACQUISITION PROCESS 

The des ign stage has as its goal the development of a complete set 
of construction documents for the building shell and , to the extent 
required ,  for the interior layout of the building . To accomplish this , 
thorough cons iderat ion of the building ' s  architectural character ; its 
structural , mechanical ,  and electrical systems ; its communication 
infrastructure ; and the activit ies to take place in it , will be 
necessary . 

The construction stage centers on carrying out the construction or 
renovation , including the structural elements of the interior layout , 
as specified in the des ign . Changes are often necessary during 
construct ion , e ither because of unavailability of certain equipment or 
materials , unanticipated availability of new equipment or materials , or 
changes in the demands of the occupying organization . It is important 
that all such changes be monitored and integrated as necessary with 
other components of the proj ect . 

The commiss ioning stage of the acquis it ion process is a set of 
act ivit ies devoted to assuring the building owner that all systems are 
in working order . These act ivit ies include : 

The pre -mqye stage centers on completing the interior layout and 
installat ion of bas ic equipment . This stage is also characterized by 
the start of an extens ive period of acceptance testing , trouble 
shooting , and quality control and by programs of famil iarization and 
tra ining for building occupants and building operat ions and maintenance 
staff . 

The move - in  stage i s  characterized by the moving in of people , 
furniture , and equipment . It is marked by continued acceptance 
testing , troubleshooting , famil iarizat ion , and training . 

The occupancy stage is the period during which all of the 
building ' s  systems and equipment are used under actual operat ing 
condit ions . Modifications in devices ,  services , spatial layout , 
building systems , and training programs may be required .  Continued 
feedback from all part ic ipants is necessary to ensure effective use of 
the building and its electronic infrastructure . 
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ltETB.OP'ITTING NEW ELECTB.ONIC TECHNOLOGY INTO AN EXISTING BUILDING 

Although in principle the building acquis ition process is the saae 
for new construct ion and for renovat ion,  there are a011e s ignificant 
d�fferencea . In new construct ion the widest range of electronic 
options is ava ilable . On the other hand , the construction process is a 
1engthy one and the move may require both a disruption of activities 
and an abrupt change in the organization ' a mode of funct ioning . In 
renovation ,  many options may not be available because of constraints 
f.mpoaed by the nature of the existing building . On the other hand , 
renovation can often be carried out for a section of a building at a 
time , the process may not be as lengthy , and the change in the 
organization ' s  activities may not be as disruptive . Renovation .. Y be 
the more expens ive way to achieve a given level of electronic 
enhancement , but for nontechnological reasons (e . g . , location and 
image) renovat ion may be the preferred strategy . In new construction , 
the cost of a given degree of flexibility is low and it is easy to be 
very flexible . In renovation ,  the cost of flexibility is high and it 
is important to be precise about the occupants '  needs . When the 
renovation of a building involves the building being gutted and 
completely rehabilitated , there is very little difference between the 
new building and the renovation scenario . 

Only a small fract ion of the nation ' a building stock is constructed 
new each year . Of necess ity ,  most organizations wishing to take 
advantage of new electronic technology will have to accommodate it in 
existing buildings . 

This is already going on , in an ad hoc manner , through the 
introduct ion of computers , word processors , PBXa , and local area 
networks in buildings already in use . As long as the new technology 
introduced is not extens ive , no serious problems arise . But as the 
ratio of computers and s imilar devices to employees rises , building 
systems may be strained beyond acceptable limits . Many buildings were 
never equipped to provide the electric power or to accommodate the 
equipment ,  the heat load , and the noise as sociated with today ' •  
electronic machinery . Buildings constructed during the country ' s  
efforts to conserve energy and contain spiraling construction costs , 
even though they are relat ively new , contain no provis ion for 
increas ing electric power capac ity or cool ing capac ity . Moreover , .. ny 
buildings were des igned with cooling systems geared toward 
heat-generating machinery that vas segregated fr011 workstat ions . Nov , 
with computer equipment scattered throughout the work apace , this 
approach is no longer adequate . 

Heat is not the only problem associated with electronic enhancement 
of older buildings . A prol iferation of ducts containing communication 
and power cables intrudes into the work space . Not only is this 
uns ightly , but the electronic traffic can become very complex , and 
troubleshoot ing difficult , with the result that efficiency suffers . 
Noise assoc iated with computers and printers ,  as well as eye fatigue 
and eye strain as soc iated with l ight ing that was never des igned for 
video display terminals , adds to the problem . 
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This is not to tmply that nothing can be done . The interior 
des ign , the floor plan , the distribution of activit ies throughout the 
building , and the lighting can all be changed . Here again , as with the 
new building , there is value in assembling a mult idisc iplinary team to 
assess  future needs and dec ide on the best approach . In contrast with 
the new building , the existing building and its limitat ions must be 
accepted as given . Trade - offs and compromises will have to be made . 
Unexpected condit ions may be discovered that will have to be taken into 
account . But a systematic approach can be taken , from four distinct 
viewpoint s :  ( 1 )  the nature of the building occupants '  act ivit ies and 
the technology they wish to use ; ( 2 )  the existing building structure ; 
( 3 )  the existing building systems - - electrical wiring , heat ing , 
ventilat ing , air condit ioning , lighting , and communications - - and the ir 
capac ity for modificat ion ; (4)  and the existing use of interior space 
and the constra ints imposed by walls , columns , floor - to - ce iling 
he ights , and the like . 

Retrof itting an existing building is challenging but not 
impos s ible . It is l ikely to be most successful , in the long run , if it 
is undertaken in an integrated , coherent fashion and not an ad hoc , 
one - step - at - a - t ime manner .  

From the point of view of new electronic capabilities , the most  
s ignificant distinctions between new construction and renovat ion are 
that , in a renovat ion proj ect , a great many building elements can 
potent ially act to constra in or make more costly the modifying of an 
existing building to accept electronic technology . These constra ining 
elements may include the following : 

• Floor - to - ceiling distance that limits the he ight of raised 
floors , 

• Inadequate riser and horizontal distribut ion capac ity , 
• In a mult i - s tory building , lack of acces s  by a s ingle floor to 

roof space for cool ing towers , water for chilled-water HVAC equipment , 
or vertical chase and access space , 

• Floor and roof loads that limit equipment loads and/or 
penetrat ion , 

• Fixed partit ions required for fire safety , 
• Existing distribut ion such as an east -west floor duct system , 
• Ltmited vent ilation opportunities , 
• Single glaz ing with accompanying condensation , 
• Absence of vapor barriers , 
• Humidity control with induction system , 
• Limits on use of under - carpet wire , 
• Vibration l imits , 
• Building orientat ion for glare , 
• Building operat ing hours , 
• Existing sprinkler system , 
• Existing HVAC system , and 
• Electrical closet s izes . 
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A s ignificant number of problems may arise with the electrical 
distribut ion system . Existing wire often cannot be used , requiring the 
merging of old and new over ttme ;  this calla for extens ive planning and 
coordination . Host  existing buildings have incomplete or nonexistent 
as-built wiring diagrams . Furthermore ,  electric power may have to be 
distributed from existing panels where capac ity may or may not be 
available . Because unantic ipated s ituat ions may require cost - effective 
improvis ing , it is especially important to be aware of the track record 
of subcontractors . 

Existing buildings with tenants (users ) have the advantage that 
tenants are known and can be interviewed for a more accurate 
determination of need for electronic ( computer and telecommunicat ion) 
systems . However , it is generally more costly to work around tenants . 

The constraints listed here may exist in part or in total ity . The 
effect of these constraints may result in one more of the following 
s ituations : 

• Electronic devices cannot be accommodated because of space 
l imitat ions or inappropriate apace ; 

• Services required to operate electronic equipment cannot be 
distributed to the equipment locations ; or 

• Proper environmental systems cannot be installed because of 
capacity defic iency , distribution system s iz ing , or insuff ic ient space 
to accommodate vert ical and horizontal distribut ion conduits and ducts .  

It may ultimately become necessary to acquire a new building to 
meet the organizat ional obj ectives . 
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5 

BVILPINQ DIAGlfOSTICS AND PUFOBHANCE EVALUATIQll 

DEFINITIONS 

Building diagnostics is the name given , collectively ,  to procedures 
used by knowledgeable profess ionals that enable a building owner , 
operator , or manager to have an assessment made of the current performance 
capability of the ir building and ita predicted performance tn . the future . 
Building diagnostics can play a valuable role in the acquisition and 
operation of any building , but it has spec ial importance in electronically 
enhanced buildings . 

While building diagnostics is moat commonly thought of as a aet of 
procedures used when a problem becomes evident and that serve to pinpoint 
ita cause , the concept is really much broader . Diagnostics can be used at 
a number of stages in the l ife of a building to evaluate ita performance 
and make a "prognos is " of ita likely future condition . Even before 
construction is underway diagnostic techniques can be appl ied to the 
"virtual building" that exists in the mind of the des igner and implicit in 
working drawings and spec ifications . They can be applied during 
construct ion , when components and assemblies can , for the first tfae ,  be 
tested " in place . "  Other procedures are available for when the completed 
building is ready to be turned over to ita owner for initial occupancy , to 
assess ita "as-built" performance capability . Building diagnostics  can be 
used for a number of purposes throughout the period when the building is 
in uae , both in connection with normal preventive maintenance and in 
connect ion with the process of identifying the causes of failure of some 
part of the building . Finally , diagnostics can aaseaa the building ' s  
suitabil ity for convers ion to some other use and , ultimately ,  to determine 
appropriate methods of demolition . 

Building diagnostics have four essential elements : knowledge of what 
to measure ; availabil ity of appropriate instruments ;  expertise in 
interpreting measurements ; and a capabil ity for predicting the future 
condition of the building on the bas is of that interpretation . While 
building diagnostics rely heavily on measurements and teats , it is 
not solely a measurement sc ience . The essence of the diagnostic process 
involves the formulation and testing of a aeries of hypotheses concerning 
the l ikely performance of a building or part of a building . The success 

65  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc i ences .  A l l  r i gh t s  r ese r ved .

E lec t r on i ca l l y  Enhanced  O f f i ce  Bu i l d i ngs
h t t p : / /www.nap .edu / ca ta l og .php? reco rd_ id=19116

http://www.nap.edu/catalog.php?record_id=19116


of a diagnostic procedure depends as much on the diagnostician ' s  knowledge 
and abil ity to formulate appropriate hypotheses and interpret measurements 
as on the availability of measuring instruments .  

Building diagnostics is closely linked with the concept of building 
performance . It is not poss ible to evaluate a building ' s  condition 
without having some standard against which to measure that condition , 
i . e . , without first specifying the performance that is required and the 
criteria for evaluating that performance . If a building is to serve its 
purpose properly , it must be des igned , built , operated , and maintained 
with the performance requirements as goals . This means that performance 
requirements must be formulated to serve as useful guides to the 
architects and engineers who des ign the building , the construction firm 
that builds it , and the management firm that operates and maintains it . 
They must also be specified in suffic ient detail so that it is poss ible to 
determine , e ither by interpretat ion of appropriate measurements . or by 
expert judgment , whether they are indeed being met . These determinat ions 
must then be done and the results made available to the building ' s  
des igners . owners . and managers so that correct ive act ion . if needed . can 
be dec ided upon and undertaken . 

Building diagnostics is of particular importance for electronically 
enhanced buildings because : 

• The novelty of these buildings precludes there being a pool of 
experts capable of " intuitively" determining whether the des ign and 
construction of such buildings are be ing carried out effectively . 

• The complexity and interdependence of the electronic systems 
contained in such buildings virtually requires a total systems assessment 
procedure . 

• The electronic components and systems installed in electronically 
enhanced buildings must function properly in the completed building as an 
integrated system (this funct ioning is highly susceptible to failure if 
any of the component parts fa il ) . and 

• If failures ( in the building ' s  wiring . for example ) are not 
detected until after the building is complete and occupied , modifications 
may be very costly . 

Fa ilures  and potent ial failures in electronically enhanced buildings 
can be detected at many po ints in the building acquis it ion process , from 
the initial formulat ion of the miss ion statement and program through 
des ign . construct ion . commiss ioning , and normal use . Some of the uses of 
diagnostics at these various stages are described in the following 
sections . 

DIAGNOSIS FOR EXTERNAL SIGNAL PROPAGATION 

A maj or difference in the electronically enhanced building is 
represented by that set of technologies ut il ized in bringing external 
s ignals into the building . espec ially if this capabil ity is as complete as 
what is described in Chapter 3 .  There is a variety of pos sible 
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configurations , each with substantial hardware performance requirements 
for the related phys ical and environmental settings . This includes :  
microwave rece ivers , satellite rece ivers , copper wire T - 1  networks , fiber 
optic networks , two-way radio rece ivers , and assoc iated mult iplexers ( to 
strengthen the s ignals ) . 

Radio , microwave and satell ite receivers rely heavily on the 
pos ition and structure of the roof for s ignal output . If the he ight of 
the roof , the l ine of s ight from far away s ignal generation , or access 
and air rights ( such as those imposed by the Federal Aviation 
Administrat ion) cannot be attained , the ent ire electronically enhanced 
building proj ect may not be poss ible . While these performance factors 
can be evaluated in the des ign stage , they are finally most cruc ial once 
they are actually in place . It is also crit ical that these devices  be 
free of interference from other nearby s ignal generators . While these  
can be s imulated in the des ign stage , the crucial evaluat ion is made 
once the systems are in place . This is also an area which will clearly 
require a cont inuing program of diagnosis on a periodic basis , s ince new 
interference could develop as other activit ies are organized in the 
vic inity of this installation . For satellite dishes , especially , 
structural brac ing is crit ical to withstand wind and snow loads . 
She lter also needs to be provided as protect ion from ic ing . 

To add to the complexity of the performance requirements of locat ion 
and structure related to the building roof , there are the hardware 
connect ions to external s ignals such as copper T - 1  networks ( landline s ) , 
"campus " coaxial networks and fiber optic networks which rely heavily on 
basement locat ion and conf igurat ion . There must be secure ( from outs ide 
interference )  and acce s s ible trenches into well- located and 
wel l - configured communicat ions rooms . The definit ion of "well- located" 
and "well- configured" is determined by the profes s ional judgment of the 
diagnostic ian s ince there are so many variables involved in the 
performance aspects of such trenches .  Generally , hardwir ing for 
external s ignals is completed by a telephone company , with s ignificant 
entry costs and switch ownership costs involved .  

No matter which receiver type is selected , assoc iated communications 
rooms will be necessary . These rooms will house a small rack for power , 
printed circuits and cable management . They may also house the 
uninterrupted power supply (UPS ) or battery backup systems for the 
building , and the multiplexers needed to strengthen the incom�ng 
s ignals . Aga in , it is pos s ible to evaluate these  performance factors 
during the des ign stage , but they can be thoroughly evaluated only after 
the entire complex has been put in place and the building is in the 
commiss ioning stage . It is also important that these  communicat ions 
rooms be heated and air condit ioned to mainta in temperatures within the 
range of 3 5  to 115  degrees Fahrenhe it , be humidified (or dehumidified) 
to within 20 to 30 percent relat ive humidity , be vent ilated yet 
protected from dust , be effective ly lit , be protected from fire and 
water damage , and be arranged for easy access  and ma intenance .  While 
each of these factors can be measured separately it is the interact ion 
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of these performance requirements with the room and installed equipment 
once in place that is most important . 

Finally , the rece iver and communication room must be connected to a 
vertical shaft for connection to the various computers . Consequently , 
it will be crit ical that adequately s ized and placed core space be 
provided as with any cabling network . Once again profess ional judgment 
is needed to evaluate the performance requirement of "adequately s ized 
and placed . "  

When all of these performance requirements for external s ignal 
propagation are evaluated for an actual installat ion it is obvious that 
cons iderations of roof he ight , line of s ite exposure , interference 
protection , basement trenches which are secure and access ible , 
uninterrupted power supply , satisfactory heating , air conditioning , 
ventilat ing , l ighting , and spat ial arrangements form a complex set of 
criteria . During the des ign stage it is important that a team with 
suffic ient breadth of expertise be assembled to evaluate the des ign 
alternat ives , and potentially recommend other sites if satisfactory 
external s ignal propagation cannot be as sured . It is during the 
commiss ioning stage , when all of the building and equipment 
installations have been made , that the critical diagnostics can be 
made . Vith the total set of performance criter ia in mind the diagnostic 
team can hypothes ize the l ikely performance of the external s lgnal 
propagation system , exercise all parameters of the installation to 
observe its performance , and make recommendations for corrective action 
in order to assure future effect iveness . 

DIAGNOSIS FOR INTERNAL SIGNAL PROPAGATION (CABLING RETVORK) 

The selection and configuration of the cabl ing network is one of the 
most critical and costly up- front decis ions (not to mention vis ible) in 
the electronically enhanced office , determining the ultimate hardware 
and software capabilities  ( l imits)  of the building (as noted earl ier in 
Chapter 3 ) . There are signif icant choices in the types of cables or 
wires to be introduced , including copper twisted-pairs , coaxial cables , 
universal wiring , fiber optic cables and wireless options . The choice 
of the cabling network ' s  configuration is also s ignificant .  When these 
dec is ions are be ing made it would be poss ible to use a s imulation of the 
building and its crit ical subsystems to do a diagnos is of those 
performance requirements important to the choice of alternatives . 

These performance requirements would include : ( l) the adequacy of 
vert ical shaft apace and horizontal plenum space ; ( 2 )  adequate " clean" 
power ; ( 3 )  when flat wires are being evaluated , then shielding from 
e lectrostatic interference from radios , other equipment , or feet on 
carpets needs to be made to avoid disturbances in the data flow ; (4)  
both vertical and hor izontal distribution must be ample to accommodate 
all long term cabl ing demands , with easy access  and management 
throughout the distance laid ; ( 5 )  s ince tying the entire configurat ion 
of the cabling network to a ground cable is critical at all times , and 
s ince there are various terminat ion schemes for ensuring that the ent ire 
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ayatem of cables is adequately grounded ,  access  to the basement and 
beyond is absolutely necessary , with critical dimens ions for the depth 
of rods (up to 20 feet l )  and the distances that the rods are apart : (6 ) 
the continuity and s ize of the vertical shafts are also cruc ial 
parameters to effective grounding ; and ( 7 )  due to the s ize of the 
cables , bending radii ,  connections and multiplexers ,  as well  as f ire 
protection , acces s  and management , significant space is demanded in : 
the central core or distributed corea (with large floor plates ) ,  the 
horizontal plenum apace above the ceiling or beneath the floor (free of 
structural and mechanical elements) , and the final vertical riser space 
in valls , furniture or in pack poles . 

Without adequate distribution apace , an adequate cable network may 
not be installable , expandable ,  or maintainable . 

As a result of these performance needs (horizontal and vertical 
distribut ion space) , there are also several other critical conditions to 
the effectiveness  of internal s ignal propagation : ( 1 )  f ire safety for the 
entire network is crit ical through enclosures and coatings ; ( 2 )  security 
from sabotage or worker error is critical : ( 3 )  for certain cl ients a 
mandatory condition can be the configuration (depth , clutter) , material 
and detailing of the interior ceiling ; and (4) floor and partitioning 
systems will  be critical to the cost-effective integration and management 
of cables ( if floor - to - floor heights are inadequate and existing ceiling 
plenums are cluttered , horizontal cable distribution may have to be laid 
out in exposed trays hung from the ceiling , with cont inuous fire 
protection ,  or a flat wire conf iguration) . 

The configurat ion of the cabl ing network , combining vertical corea to 
horizontal runs to the computers and peripheral units ( input/output 
devices and processors ) ,  including the bas ic questions to be answered 
before des igning the architecture or local area network (LAN) , add up to 
make the diagnostic proj ect at the des ign stage a challenge which will 
again require a team of experts . There are three bas ic configurations for 
cabling and connect ing computers and peripherals known as bus (vangnet , 
ethernet ) ,  star and ring networks . It is crit ical to understand the 
s izable dimens ions of this cable network or tree throughout the building . 
No less s ignificant than the mechanical "tree" or the structural "tree " , 
an expert must be called in early in the building ' s  des ign to partic ipate 
in a complete internal s ignal propagation diagnosis . This will  be done 
for the "virtual" building ( i . e . , the building which exists only on paper , 
but is capable of being s imulated in phys ical models or computer models) . 
The large number of variables l isted above give an indicat ion of the 
complexity of the diagnosis and the types of expert ise requir,d . 

Once the building has actually been constructed , cable management is a 
s ignificant hardware and software cons iderat ion in the electronically 
enhanced office of today and tomorrow . Keeping track of where all the 
wire is , what type of wire it is (power , voice , or data - - digital or 
optical) ,  and what capacity it has , requires not only clear long- term 
architectural des ign ,  but calls for the installation of a computer-aided 
wire management ( CAWM) system . This system ( CAWM) , while intended 
primarily as a management tool for the building operators , might also be 
ut il ized for a continuous diagnos is of the condit ion of the internal 
s ignal propagat ion system . 

69  

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 .

E l e c t r o n i c a l l y  E n h a n c e d  O f f i c e  B u i l d i n g s
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 1 1 6

http://www.nap.edu/catalog.php?record_id=19116


DIAGNOSIS FOR COMPUTERS AND THEIR D'l'WORKS 

As indicated in Chapter 3 ,  the three general categories of 
computers - -mainframes , minis and micros - -have differences  between them 
which were once very pronounced , but the boundaries are now becoming 
blurred .  Even micros can have 40 to 80 megabytes  of memory ( capac ity) , 
with 4 to 5 mips of speed , without large power requirements (or heat 
output) .  The example we will discuss here , to illustrate another 
prospective appl ication of diagnostic procedures ,  is the mainframe and the 
supermainframe , such as a Cray computer , which require the ir own specially 
des igned rooms or "data center . "  

The performance requirements for these large mainframes include : 

• The guarantee of additional power ; 
• The need for an uninterrupted power supply or UPS system ; 
• Special grounding is required ; 
• The we ight of the equipment is s ignificant , requiring enhanced 

structural support and vibration control ; 
• Atypical quant ities of air condit ioning must be provided for the 

space ( 5  to 10 times typical occupancy) ,  along with water cool ing 
capabilities for the equipment , and humidity control ; 

• In addition to thermal and humidity control , condensat ion is of 
serious concern making isolat ion from the window wall des irable ; 

• Security and fire become maj or concerns , requiring controlled 
acces s  to the room , and Halon f ire systems with the ir own sensors and 
pumps ; and 

• Massive and often changing cabling must be dealt with , to manage 
data , power and voice inputs and outputs to numerous distributed 
workstat ions , telephone gateways and controllers (operating 
sub - s tat ions ) .  

These special requirements for the mainframe control rooms have 
critical spec ificat ions for power , air condit ioning and humidity , 
security and fire , as well as cable management , which often addit ionally 
demand acces s  floors or trough walls for the servicing systems . 
Superimposed on these equipment demands are the demands of the 
occupanc ies within the outs ide of these data centers . Although the 
computers benefit from very low ambient light levels , with task lights 
for the equipment ( front and back) , people working within these  spaces 
would require secondary l ight ing systems . Although vibrat ion and 
acoust ic noise must be cons idered for the long- term durabil ity of the 
equipment , vibration and acoustic no ise must be crit ically controlled for 
the occupants within and outs ide these spaces .  Thus , the ma inframe 
centers must be strategically placed for effic ient cabling and access , 
while minimiz ing the effect of the noise , traffic , heat generat ion , and 
cabling on the · remaining office settings . 

The e ight performance requirements listed above are the critical 
performance requirements .  Some other important concerns include : 
minimized exter ior exposure (to sun , heat loss or gain , potent ial 
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1eakage ) ; adequate apace for the equipment and its peripherals , access , 
�intenance ,  changing configurations ; adequate ventilation or the 
occupancies , along with humidity , static and dust control (pressurized 
apaces ) for the equipment ; and mean radiant temperatures should be 
countered for occupants within the apace . 

During the commiss ioning stage , when all of the systems have been 
�nstal led in the building but before the occupants have taken possession ,  
a tea. of diagnostic experts could be brought in to evaluate the 
performance of the mainframe computer support system . This does not mean 
the evaluation of the computer ( s )  as such (although this might be a good 
ttme to perform that function as well) , but the evaluat ion of the e ight 
critical factors ment ioned above , and the other related concerns . S ince 
the goal of the diagnosis is to provide a "prognosis"  of how the system 
will perform over t tme , and to propose intervent ions ( in the form of 
correct ions to the computer room or its support systems ) if the long- term 
prognosis is not good , the diagnostic team will have to include the 
architects and engineers for the building as well as experts on mainframe 
funct ions and use . These are not skills likely to be found in the 
computer staff of the organization , nor on the s taff of the building 
operations and maintenance department . Diagnosis at this stage will be 
expens ive , but the cost of avoiding serious problems later is more than 
enough incent ive . 

The performance requirements for minicomputers and microcomputers are 
generally leas cruc ial , but must be cons idered . 

DIAGNOSTICS FOR DEDICATED PERIPHERAL PACKAGES 

There are three general categories of peripheral hardware :  ( 1) input 
devices for rece iving data , voice , video graphics ,  and environmental 
input ; ( 2 )  proces sors for reading , proces s ing , computing , filing , storing 
or transferring this input ; and ( 3 )  output devices  such as printers , 
plotters , proj ectors , speakers , tapes or disks , and commands to act ion 
(robotics ) . In this section , however , we will focus on a fourth pos s ible 
category , combining these three sets of hardware into dedicated packages 
for spec ific services such as electronic mail , video teleconferenc ing , 
electronic data bases , and building security . 

The performance requirements for these  packages (as installed in a 
building) require that the phys ical and environmental setting condit ions 
support the type and dens ity of hardware chosen (not just  generically , 
but spec ifically) . The three categorie s of peripheral components have 
requirements which include : 

Input Devices 

There are a vide variety of devices used for input purposes . 
Requirements include : ( 1 )  good l ight ing condit ions , color , contrast and 
glare control for visual tasks ; ( 2 )  adequate us er spaces to meet 
ergonomic requirements ; ( 3 )  control of static e lectric ity and dust which 
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can damage the devices : (4)  acoust ical control of the cl icks , beeps , and 
whirs of typical devices for those located c lose to them : ( 5 )  control of 
backgroun� noise , sound source intens ity , and sound isolation if the 
device is intended to record sounds : ( 6 ) overall  maintenance of the spaces 
and equipment that surround the devices :  and , finally ,  ( 7 )  appropriate 
spac ial arrangements as well as protection from unintended effects of the 
acoustical , thermal or l ighting on environmental sensors . 

Proces s ing Devices 

Hardware for reading , computing , filing , storing and transferring the 
variety of information being processed requires :  ( 1 )  that space , both 
quant ity and location , be adjusted for these demanding conditions : ( 2 )  
also adequate and rel iable power : ( 3 )  and plenums (horizontal and 
vertical )  for the extens ive and ever changing cabling : (4) adequate air 
conditioning to offset the heat output of the equipment ; ( 5 )  adequate 
sound absorpt ion and noise isolation to protect the occupants from the 
noise of the equipment ; ( 6 ) adequate security and enclosure methods to 
protect the equipment from dust , static , abuse , or vandal ism ; and ( 7 )  
adequate thermal quality for the occupants ,  balanc ing poor mean radiant 
temperatures that often result from proces sor power demands . 

OUtput Devices 

Such diverse output devices as impact carbon printers , nonimpact j et 
or heat printers , laser printers , and photo printers : analog and digital 
plotters ; and such hard copy as disks , tapes , or chips , and sound output 
devices including telephones , intercoms , pagers and bells , and video 
output devices including 2 -D proj ectors , light beams , holographs , all 
require : (1)  well planned space of suffic ient s ize ( centralized , 
decentralized) ; ( 2 )  adequacy of power ; ( 3 )  horizontal/vert ical plenum 
space for cable management ; (4)  adequate acoustic control for isolating 
the equipment noise from the occupants : ( 5 )  adequate air conditioning for 
offsetting the heat load from the equipment ; (6 ) controlled l ighting 
( task , ambient , and dayl ight) :  and ( 7 )  controlled acoustics . 

When we focus on those peripherals which are the combinations of these 
three sets  of components into dedicated packages for spec ific services , 
such as electronic mail , video teleconferenc ing , electronic data bases , 
and building secur ity , we find that the most complex package of 
peripherals is the video teleconferenc ing center , with great demands for 
specific phys ical and environmental settings . The video teleconferencing 
package combines ,  through mas s ive cabling , such input devices as 
voice - activated cameras , telephones or microphones ,  audio and video 
scanners ,  electronic blackboards , copy machines ,  keyboards and plotters , 
to such proces sors as a s ignal control unit that converts the data to 
digital , to a phone center , to an antenna to a satellite receiver 
terminat ing at output devices such as screens , speakers , as well as 
plotters and printers . Clearly , the architecture of the video telecon
ferenc ing room is dependent on a combination of all of those performance 
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requirements for the three separate seta of components ,  plus ita own 
special set of needs such as controlled lightina for video camera work . 
The diaanoaia of this total package will once again require a team of 
experts with differing skills . The moat effective application of 
diaanoatic techniques for video teleconferencing rooms is l ikely the ir use 
during the operatina l ife of the facil ity as a form of "health 
maintenance . "  This area of diaanoatica , more than moat others , requires 
the diaanoatician to understand the "etiology" (the causes of abnormal 
conditions ) in order to know what it is important to be monitorina , and 
how to take correct ive action before failure occurs . This special 
knowledge and the wisdom to understand what is beina observed is the 
reason that diaanoatica requires an expert human . 

DIAGNOSIS FOa HVAC SYSTEMS 

There is more reason to addres s  the total system ' s performance of the 
buildina , ita electronic enhancements ,  and the aupportina mechanical 
equipment , than to look at the performance of separate systems such as the 
heating , ventilatina and a ir - conditionina system (HVAC) . However , it may 
be des irable to undertake a diaanoatic procedure just for these systems 
during the commias ionina stage of the building . This is espec ially true 
s ince the investment in the BVAC system can be a maj or component (as much 
as 30 percent) of the initial coat of the buildina , and a a i&nificant part 
of the operat in& costa . If the price of foss il fuel energy goes back to 
1974 levels (and some observers believe that it will do so) , then this 
area of diaanoa ia increases in importance .  

The air conditionina that must be provided for electronically enhanced 
buildings offsets the added electrical heat load generated by office 
equipment such as main frame computers , telephone switches , personal 
computers and peripherals . The two predominant issues are , ( 1 )  the 
confiauration of air conditionina available in the building , and ( 2 )  the 
amount of addit ional heat load to be handled ( expressed in watts per 
square foot) . The electrical loads for this purpose are distinctly 
different from total buildin& electrical capacity . 

Conventional office apace makes provis ion for . 5  watts per square foot 
of equipment and 2 watts per square foot of lightin& . The provis ion of 
personal computers and peripheral equipment generally adds between 1 and 2 
watts per square foot to the requirements .  Beat loads generated by maj or 
computers and telephone switches are almost always offset by discrete air 
conditioning units of the self- contained , direct expans ion type , with 
condenser water suppl ied by separate cooling towers . . 

Ventilat ion requirements include the fact that computer rooms are 
frequently protected against fire by means of halon , an inert gas that 
must be vent ilated after discharge . Battery rooms provided in connection 
with uninterruptable power systems (UPS) require constant ventilat ion . 
Emergency generators , des ianed to provide standby power , require large 
amounts of vent ilat ion air . 

Humidity controls are not generally required in conventional office 
buildings . To avoid the build-up of static electric ity in electronically 
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enhanced buildings , humidificat ion to 30  percent relative humidity (RH) 
should be provided in winter throughout . Computer rooms may require as 
much as 50 percent RH .  

Indoor air quality is e specially important in t ightly constructed 
buildings where impurit ies in the air ,  including particulates ( solids or 
liquids ) and vapors which are generated outdoors are brought ins ide , with 
poss ible damage to the performance of electronic equipment . 

At the commis s ioning stage , or later during a post - occupancy 
evaluation , the combinat ion of these  ambient conditions should be the 
subj ect of a diagnostic procedure . In most cases many of these  variables 
wil l be controlled by automat ic equipment . Space condit ions may be 
controlled by functional areas , but an evaluat ion should include the 
flexibility of the system for adding discrete zones . An experienced 
mechanical engineering consultant should be able to provide a prognosis of 
the long- term performance of the HVAC equipment based on the evaluation of 
these  variables , and to propose any modifications or repa irs to as sure 
proper performance .  

SUMMARY 

Building diagnostics , as a field of practice , is still  evolving . 
Electronically enhanced buildings , as a building type , are still new . 
What this means is that potentially des irable diagnostic procedures must 
be developed .  Consequently , part of the process of acquiring an 
electronically enhanced building must address  the development of 
diagnostic techniques appropriate to that part icular building . S ince 
diagnostic techniques are closely tied to performance requirements ,  the 
identificat ion of des irable diagnostic procedures should be carried out 
hand in hand with the development of the building performance 
requirements .  This process begins with formulation of the building ' s  
miss ion statement , and cont inues throughout the building acquis ition 
process . The examples that were discus sed in this chapter- -which are by 
no means exhaustive - - illus trate the kinds of diagnostics that could be 
done . We know of no building des igned to date that has had such 
sophist icated diagnosis performed , but we bel ieve that the need for 
developing such procedures is clear . 
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6 

CQNCLUSIQRS AND BECOMMENPATIQNS 

In the preface we recommended that organizat ions appoint a person , 
the proj ect administrator , just below the level of Chief Execut ive 
Officer , respons ible for all aspects of building and technology as 
discussed in this report . Ve believe this is especially important for 
any oraanizat ion in the process of building a new electronicai ly enhanced 
office building , or any organization that is about to make maj or 
revis ions to the ir office facilit ies in order to ga in the performance 
advantaaes  of electronic enhancements .  Ve indicated that we intend this 
report to serve as a guide for that individual . These conclus ions and 
recommendations are , in turn , directed to a person with such 
respons ibilities . 

The recommendations fall into three categories : ( 1 )  those related to 
the process of acquiring an electronically enhanced office building : ( 2 )  
those related t o  diagnost ic procedures :  and ( 3 )  those addressed primarily 
to organizations in the public sector (and even more spec ifically federal 
agencies ) concerning the development of expertise and techniques .  

RECOMMENDATIONS CONCERNING THE BUILDING ACQUISITION PROCESS 

The new elements that should be incorporated into the building 
acquis it ion process for each electronically enhanced building are : 

• Pro 1 ect Administrator One person should have overall 
respons ibil ity for the building acquis it ion proj ect . This respons ibil ity 
should encompass  the building itself ( including both its shell and core 
and ita interior layout ) ,  the technology that will be housed in it , and 
the impacts that the building and its technological capabil ity will have 
on the organizational structure of the occupying inst itut ion and on its 
personnel . This respons ibil ity , which is cons iderably more than the 
tradit ional proj ect manager ,  should extend from the init ial building plan 
through programming , des ign , construct ion , commis s ioning , init ial 
occupancy , post - occupancy evaluation , and routine operat ion and 
ma intenance . The individuals who will become the fac il ity manager , the 
technology manager , and the personne l manager should work in close 
coordinat ion with the overall proj ect administrator from the outset . 
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• Tbe Mission Statement A mis s ion statement for the �ilding 
should be developed at the outset . It should reflect the mission of the 
occupying inst itution and the anticipated use of the building , taking 
into account the institution ' s  current and anticipated needs , perceived 
shortcomings of its present facilities ( if any) , and growth or other 
changes that are antic ipated during the life of the new (or renovated) 
building . In the case of speculative office buildings , it is generally 
not known at the outset who will occupy the building , what the interior 
layout will be , or what technologies will be used . Nevertheless , it is 
essential to cons ider the generic l ikel ihoods concerning these matters , 
and to consider them at an earlier stage than is currently the standard 
practice . 

e Use of the multidisciplinary team in initial decision making 
The multidisciplinary team should provide advice and guidance with regard 
to such initial decis ions as s ite selection ( in the case of new 
construction) or evaluation of alternative options us ing existing 
buildings ( in the case of renovation) . The multidisc iplinary team should 
also be alert to problems that are likely to arise and steps that must be 
taken to have a fully operable building ready for occupancy at the 
des ired time . This includes such requirements a s  approvals , permits , and 
licenses as well as requirements that pertain to physical readiness of 
the building . 

• Ibe electronic technology program Vith the advice and guidance 
of the multidisciplinary team , the mission statement should be converted 
into a technologically functional program statement that identifies 
crucial performance requirements that must be taken into account in the 
des ign of the building . This "electronic technology program" should make 
clear those phys ical requirements demanded of the building to accommodate 
the technology it will house and form the basis for the performance 
criteria established for the building . This program should be developed 
before the des ign proce s s  gets underway . It should go hand in hand with 
the traditional architectural program in guiding the design of the 
building . Because the two programs interact , they should be developed in 
an iterative and interactive mode . 

• Users ' evaluation of the mission statement . arcbiteetural 
program . and technological program The architectural program and the 
electronic technology program should be evaluated to determine whether 
they truly meet the requirements of the mis s ion statement . This 
evaluation should be carried out from the point of view of those who will 
use the building ; e . g . , the institut ion ' s  top management , the building 
manager , the maintenance staff , the security officer , the personnel 
department , information and automation managers , representatives of 
various parts of the institution , and others whos e work will be affected 
by changes from current practices required to accommodate t�e new (or 
renovated) building and the new technology it will contain . 

• A plan for the overall building acquisition process . •  Once the 
mis s ion statement , architectural program , and electronic technology 
program are in hand , a plan should be developed for the entire building 
acquisit ion proces s , flagging critical decis ions , indicating a s chedule 
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for diagnostic asses sments , and indicating points at which particular 
kinds of expert ise will be needed . 

RECOMMENDATIONS CONCERNING THE USE OF DIAGNOSTICS 

In Chapter 5 ,  we have described at some length the concept of 
building diagnostics and have developed a number of examples of how the 
concept might be appl ied to an electronically enhanced office building . 
Based on that work , we wish to recommend more specifically : 

• Deyelopment of diagnostic procedures Diagnostic procedures 
appropriate to the building should be developed . These may include , 
during the planning and des ign phases , the construct ion of mockups of 
sections of the building that can be used to s tmulate the performance of 
the building for diagnostic purposes . 

• Diagnostic assessments Diagnostic asses sments should be 
conducted at key points in the building acquis it ion process  including the 
period of planning , programming , des ign ,  construct ion , commis s ioning , and 
routine occupancy and use .  

• Cgmmiss ionin& When the building is be ing " commis s ioned , "  i . e . , 
beginning shortly prior to the completion of construction and extending 
well into the first year of occupancy , diagnostic teats and assessments 
should be conducted as a guide to operation and maintenance and to 
modificat ions in the building or in the activit ies carried out in it . 
This should be carried out by a top management group , with advice and 
guidance from the multidisciplinary diagnostics team . 

• Post - occupancy eyaluation Diagnostic assessments and other 
evaluations of the performance of the building ' s  phys ical and 
environmental setting with respect to the activit ies carried out in it 
and the technologies incorporated in it should be cont inued throughout 
the building ' s  l ife . As sessments of productivity and other measures of 
the qual ity of the activit ies might be done us ing "post - occupancy 
techniques "  ( see Building Research Board report POST-OCCUPANCY EVALUATION 
PRACTICES IN THE BUILDING PROCESS : OPPORTUNITIES FOR IMPROVEMENT , 
National Academy Pres s ,  Washington , DC , 198 7 )  and should , where poss ible , 
be causally related to building attributes  as we ll as to aspects of 
management , training , etc . These asses sments should provide guidance for 
the rout ine operat ion and maintenance of the building . Through the 
" feedforward" process , they should also provide guidance to the des ign 
and construct ion of future electronically enhanced buildings . 

The steps listed above will be effect ive only if the inst itution that 
occupies the building has a genuine commitment to the concept of an 
effective building system that meets carefully des igned performance 
requirements .  This commitment must  come from the very highe st levels 
within the organizat ion , and must  be enthus iast ically supported by middle 
level managers and by employee s .  
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RECOMMENDATIONS FOR THE DEVELOPMENT OF EXPERTISE AND TECHNIQUES 

There are also a number of generic measures that should be undertaken 
in both the publ ic and private sectors (with spec ial emphas is on the 
federal agencies )  to foster development of a pool of expertise and a body 
of diagnostic procedures that are appl icable to electronically enhanced 
office buildings . The most important of these  can be summarized as 
follows : 

• Fac ilities for development . testing . and tra ining Public 
agenc ies and the building industry should foster the expanded use of 
building testing laboratories , both for the deve lopment and testing of 
des ign and engineering techniques appropriate to electronically enhanced 
buildings and for the training and educat ion of architects ,  engineers , 
technology managers , and building managers . In part icular , the federal 
government - -with its own unique building needs and procurement 
practices - - should establish and mainta in an experimental and tra ining 
facil ity oriented spec ifically to government buildings . In such a 
facil ity , des ign and engineering techniques ,  as well as diagnostic 
procedures appropriate to electronically enhanced buildings can be 
developed and tested , and personnel can be tra ined in the operat ion and 
maintenance of electronically enhanced buildings . 

• Information exchange programs Public agenc ies and the building 
industry should establ ish and maintain an information exchange system , 
incorporating a computerized informat ion base , to foster the 
disseminat ion of knowledge about all aspects of electronically enhanced 
office buildings . In part icular , the federal government should take 
steps to improve the level of competence and expertise with 
electronically enhanced office buildings among its proj ect managers , 
des igners , architects , engineers , and facil ity managers by : 
( 1 )  establ ishing programs for personnel exchange among federal agenc ies 
to expedite the dissemination of knowledge ga ined from personal 
experience throughout the federal government , and ( 2 )  establishing 
programs for continuing education , us ing lectures , seminars , workshops , 
publicat ions , and other extens ion activit ies . 

• Deve lopment of standards and criteria The federal government 
and the building industry should support the development and continuous 
updat ing of standards and criteria appl icable to electronically enhanced 
office buildings . A spec ial emphas is should be placed on developing such 
standards in the internat ional arena , where the opportunity for the U . S .  
to compete in a global market is now be ing shaped . 
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APPENDIX 

BIQGRAPBICAL SKETCHES OF COMMITTEE MEMBERS 

PIERO PATRI , FAIA (Chairman) is pres ident of Whisler- Patri , an 
architecture , interior des ign , planning , and fac ilit ies management 
firm whose work includes new construction , renovat ions , and interior 
des ign . Hr .  Patri is a member of the research subcommittee of the 
Urban Land Institute ' s  High Tech Committee . He served on the 
Publ icat ions Review Committee for the ULI book , Smart Buildings and 
Te¢hnology-!nhanced Real Estate , and is a contribut ing author to the ir 
forthcoming publication , The Changing Office Vorkplace . In addition , 
he recently co- authored a chapter on "Retrofitting Existing Facilities 
to Accommodate Office Automation" for the book High Tech Real Estate 
published by Dow Jones - Irvin , and is currently contributing a chapter 
on "Teleports and Real Estate Development" for a book soon to be 
released by Dow Jones .  Hr .  Patri vas educated in Milan and Florence 
and graduated Phi Beta Kappa from the Univers ity of Cal ifornia at 
Berkeley . 

MICHAEL BRILL is profes sor of architecture and environmental des ign at 
the State Univers ity of New York at Buffalo and is pres ident of the 
Buffalo Organizat ion for Social and Technological Innovat ion , Inc . He 
is an " environmental diagnostic ian" with more than 25 years of 
experience in research , systems analys is , architecture , and planning . 
He has been a consultant to the U . S .  General Services Administration , 
Nat ional Inst itute of Mental Health , Department of Hous �ng and Urban 
Development , Nat ional Bureau of Standards ,  and to state , county , and 
c ity agenc ies and many corporat ions . He has publ ished more than 40 
papers , art ic les , and book sections about , the effects of work 
environment on behavior , productivity , and satisfact ion ; the des ign of 
high-performance work environment s , includ ing pre - des ign programming 
and pos t - occupancy evaluat ion ; the reduct ion of vandal ism ,  hazards and 
acc idents ( the "dirty secrets " of architecture)  through res earch-based 
des ign ; community part ic ipat ion in planning of human service systems ; 
and the theory and appl icat ions of behavioral and economic research in 
place -making and place management . 
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BRYAN CLARK is construct ion manager at Harwood Ventres a subs idiary of 
Turner Construction . Be manages 600 , 000 square feet of commercial 
office and retail space in various stages of completion in the 
Northern Virginia area , including the administration of architecture , 
engineering and general construction contracts . His work includes a 
respons ibility for directly subcontracting tenant improvements for 
current proj ects and property management for proj ects through the 
init ial two years of occupancy . Be has a degree in Civil Engineering 
from Cornell Univers ity . 

NANCY CANESTARO is an interior des ign instructor for the department of 
Hous ing , Interior Des ign , and Resource Management , College of Human 
Resources , Virginia Polytechnic and State Univers ity . She has been a 
research associate in the Fac il ity Management Institute of the Berman 
Miller Research Corporat ion , and worked as a space planner with Des ign 
Resource Service in Washington . She is the developer and coordinator 
of "The Fac il ity Management Dilemma" , a gaming - s imulation that 
improves awareness of how corporations operate and how the integration 
of fac il ities with the work process results in greater individual and 
corporate productivity . She has a B . S .  from VPI and an M . S .  from 
Drexel Univers ity , and is presently a doctoral candidate at the 
Univers ity of Michigan ' s  College of Architecture . 

MICHAEL CLEVENGER is the manager of real estate and administration for the 
Xerox Corporat ion . Be has been the Xerox princ ipal consultant on 
office standards and has been adjunct professor of construction and 
real estate management in the Real Estate Institute of New York 
Univers ity . Be has also taught construction management at Cal ifornia 
State Univers ity , Long Beach and at UCLA . Mr .  Clevenger is a member 
of the Panel on Technology Changes and Impacts on the Building 
Construct ion Industries for the u . s .  Office of Technology As sessment . 
His area of expert ise is in " smart" office buildings as a generic 
high- tech type . 

FRED S .  DUBIN is a mechanical engineer and architect . Be is pres ident 
of Dubin - Bloome Associates and a partner in Fred S .  Dubin 
International in Rome . Be has been on the faculties of several 
univers ities , and most recently he served as vis it ing Andrew Mellon 
Profes sor of Architecture at Carnegie -Mellon Univers ity . Among his 
maj or des ign proj ects are the Salk Inst itute for Biological Studiea , 
the Phytotrons at Duke and North Carol ina State Univers ities , and the 
headquarters of the UN Environment Program in Nairobi , Kenya . Be has 
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a subs idiary of IBM . RealCom provides comprehens ive communicat ions 
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