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The United Kingdom has a
considerable claim to being in the
vanguard of advanced thinking on
the design of office buildings for
information technology (IT). No-one

would have predicted this 10 years
ago. Indeed, so bad was the
reputation of British office
development
mean, retrograde,
unlovely, underserviced
that to
expect the opposite would have

seemed much more reasonable.

The reason for this sudden
qualitative shift is now obvious. It is
because British office buildings were
so bad by international standards
that they had no alternative but to
improve in response to the sudden
explosion of IT in the early eighties.
Britain is fortunate in being so
centralised: when sudden growth
occurred in the use of IT in offices,

especially in the electronics and

financial services industries, a
handful of farsighted developers
understood immediately that a
dramatic improvementin officebuilding performance was essential
if they were to succeed as
developers. The ORBIT report,
published in 1983, succeeded in
capturing and broadcasting the
significance of this moment of
change when a new level of
specification for office design had to

be worked out.

The first ORBIT study defined, in
general terms, the case for new,
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more permeable, more finely zoned

and controlled, simpler, and easierto-plan office buildings. ORBIT 2,
carried out in 1985 in North

America, confirmed these recommendations and developed them
into an operational method of
evaluating building performance
against IT-driven organisational
priorities. Meanwhile, in Britain,
both user clients and developers

began to procure, surprisingly
rapidly, new kinds of highperformanceoffice buildings,

designed for a variety of different

kinds of users in the City, on the
M25, andin cities like Glasgow and
Birmingham.

Why, then, is a further study
required? What more could it
possibly contribute to office design?

This Butler Cox study is particularly
well timed: it comes at the top of a
steep learning curve. Five years

after the initial realisation that IT

was an important and dynamic
factor in office design, a new kind
of certainty is emerging. We now
know, from bitter experience and
shrewd forecasts, more or less
exactly the design implications of a
fully networked office composed
entirely of intelligent workstations.
For the first time, it is possible to
step back from the novelty and
wonderof the rapid introduction of

IT into the world of office work,

and to prescribe not only coherent
strategies, but detailed guidelines to
help architects as well as data and
telecommunications managers.

Many of our recommendations are
specifically practical
dimensions
for ducts and cabling rooms, heights
of access floors, types of cabling,

A broad viewis vital for senior
management. Afterall, office
buildings, in the age of artificial

of all the interfaces where data and

intelligence and global communications, are practically and
operationally harder and harder to
distinguish from the computer.

contact with the physical working

The word architecture has been

configurations of presentations

in other words, data on the design

telecommunications come into direct
environment. This is exactly the
type of information that teams
working on new building projects or

renovations of existing buildings

must haveat their fingertips if they

are to avoid waste and save time.

Other recommendations that are less
specific are even more practical.
These recommendations are
intended for those senior managers

in both the public and the corporate

sector who do notyet realise that
they must insist that architects and
other members of building design
teams must cooperate with IT

specialists from the earliest stage of

the development of a new project.
Equally, the IT team must
collaborate with the building team.
Without such strong leadership, it is

inevitable that building designers

and data specialists will go their
own separate and suboptimal ways
leading to accelerated
obsolescence and exorbitant
occupancycosts. By insisting on the
sharing of information and insights

between professionaldisciplines,

senior managers responsible for
large office accommodation projects
can managethe risks so much more
effectively.

borrowed by the computer industry
to describe the underlying structures
of information systems. This is
hardly a coincidence: every large
system has its own structure, and it
is essential, if major systems as large
and complex as building construction, mechanical and electrical
services, telecommunications and
data are to be coordinated, that

their underlying logic should be

understood by everyone involved.

These guidelines are intended to

makesuch coordination not just
possible, but also much easier than

ever before. The benefits will not
only be to the design teams but to
all those who use office buildings

(these days, the majority of the

working population), and of course,
to all those organisations whose
commercial success, and even
survival, increasingly depends upon
using IT and environmental
resources intelligently to achieve
their corporate goals.
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Introduction
This handbook started from our
awareness, based on practical
experience, of the problems that
organisations often encounter in
installing computers and

communications equipment in office

buildings. Seeing the need for a
handbook to assist building
developers and designers, and
recognising the considerable amount
of work needed to prepare it, Butler

Cox obtained sponsorship from four

leading suppliers of computers and
communications.

Our sponsors, AT&T (UK) Ltd,

British Telecom ple, Digital

Equipment Company Limited, and

IBM United Kingdom Limited,
brought to our work their
considerable expertise and
experience in cabling, computer-

room design, building services, and
office design. We also benefited

from the assistance of our
architectural adviser, Dr Francis
Duffy of DEGW Ltd. We have
therefore been able, for the first
time, to produce practical guidelines

that are underwritten by a

significant part of the IT industry.

The main purpose of this handbook
is to provide practical guidance to
the architects, engineers, surveyors,
and space planners whodesign,
fitout, and refurbish buildings. Since
much of our guidance is concerned
with objectives, rather than par-
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ticular architectural and engineering

solutions, the handbookis also
relevant to developers, commercial
estate agents, and the prospective
purchasers and occupiers ofoffice
buildings, including their IT

managers.

In view of the breadth of this

readership, we have deliberately
attempted to build bridges between
disciplines by writing in generally
familiar, rather than specialist,
terms. Since the use of some
specialist terms has proved essential,
wehaveincludeda glossary at the
end.

The Executive Summary (Chapter 1)
draws out the main lessons of our
work for management.

location, structure, services, and
fit-out.

Chapter 8 provides guidance on the

management of the building after

commissioning. These chapters are
intended as a reference work,
although they may, of course, be

read consecutively.

The Appendix extends Chapter 2,
with further information about IT
developments.

The guidelines are not offered as a
complete and universal solution to
the problem ofIT in buildings.
Considerable scope exists for designs
that depart from our guidelines
because of local circumstances, or
the intending occupant s commitment to work within more
restrictive standards. However, our

In Chapter 2, we explain, in a very
general fashion, the likely
developments in IT over the next 20
years, and the principles that must

degree of adaptability, which need
not be expensive, and which will

chapters, in particular, serve as a

occupants in the long term.

be applied in building design. These
bridge between disciplines, and we

hope that all readers will read them
both.

Chapters 3 to 7 form a detailed
technical handbookof design
guidelines. They coveroffice
buildings, including those associated
with non-office facilities, such as
factories, warehouses, and hospitals.
They do not cover purpose-designed

data centres, but they do provide

information oninstalling a
substantial computer suite in an
otherwise ordinary office building.
They address the issues of building

guidelines define a substantial

pail

benefit many building owners and
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Computers have been important in
business for 30 years, but, until the

early 1980s, they were generally

foundin specialised data centres
and data-entry areas. Only a
minority of staff had any direct
contact with them. During the past
five years, however, the position
has been transformed. Computers
have entered ordinary offices in

great numbers. Today, in more and

more organisations, almost every
employee is a computer user to
some extent.

This unprecedented expansion in the
deployment and use of computers
and communications (information
technology) has placed demands on
office buildings that they were
never intended to meet. Computers
require space. They require power,
and are sensitive to electrical
interference. They generate heat,
and so require cooling. Data

communications between computers
and desktop terminals and

workstations require cables and
other equipmentin large amounts.

Some information technology (IT)
systems have been designed with
little thought to the physical
requirements associated with
installation in buildings. As a result,
buildings have very often been
unable to meet their occupants
needs for IT systems. In the City of
London, for instance, many

buildings are being completely

refurbished, or even demolished, for
this reason.
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The construction industry s attempts
to meet these emerging needs have

been hampered by a number of
difficulties:
IT is advancing extremely
rapidly.

Theuse of IT varies greatly
between occupiers.

IT systems from different
suppliers make different demands

on buildings.

Few IT specialists are able to
foresee their organisations
future requirements for IT
beyond the short term, or to

present them in ways that are

useful to the construction
industry.

As a result, even some recently
completed office buildings presented
their occupants with serious
difficulties when they came to

install IT.

This handbook has been written to
help bridge the gap between the IT
and construction industries. In it,

we show how thedesign of office

buildings should take account of the
increasing requirements of IT in
offices.

Wehavefound that clear guidelines
for many aspects of building design
can be derived from considering the

way in which IT systems, and their

use, are developing. We present
these, often quite detailed,
guidelines in the handbook. In our
view, success in reconciling the

requirements of IT with the other
requirements in actual building
projects rests on the achievement of

effective interdisciplinary

cooperation. Our analysis of the
requirements of IT, and experience
of actual building and refurbishment
projects, reveals a close relationship
between IT, engineering,
architectural, and space-planning
issues. The design team must

achieve a building design that

provides a high degree of

adaptability to future requirements,
at an acceptable cost. The

major componentsof IT in offices

workstations, departmental
computers, and central computer
suites
and then at communications cabling.
Workstations

It is now clear that, within a few
years, and well within the planning

period for a new building, almost
every office worker will be
equipped with an intelligent desktop
workstation. With this device, he or

she will be able to retrieve,

examine, and manipulate
information from any place in the
organisation, local or remote. This
information will, in general,
comprise some mixture of words,

requirements also come together in
the field of space planning, where
wefind that adopting
predetermined furniture and
partition layouts can deliver benefits
in waysthat are both practical and
aesthetic.

Today, the typical desktop

specialists fail to understand one

Called a dumb terminal, it can be
used only in conjunction with a

None of these issues can be
addressed effectively if the

another. Achieving this
understanding between design teams
is a key management responsibility
in both developer and occupant
organisations.
Much of the future impact of IT
can now be foreseen
IT is advancing extremely rapidly,
and there is no doubt that it will
continue to do so for many years to

come. Despite the rapid pace of this

advance, however, a great deal can

be inferred about the future nature

and use of IT in offices. To see this,
it is convenient to look first at some

diagrams, pictures, and speech.

workstation has no processing
capability or data storage of its own.
separate computer, which is often
located elsewhere. Dumb terminals
are now beginning to be replaced,
especially for managerial and
professional users, by intelligent
workstations that have their own
processing and data-storage

capability. The commonest kind of

intelligent workstation is a personal
computer with a network
connection.
Theintelligent workstation of the
middle 1990s and beyond will look
muchlike one of today s personal
computers
though it may possibly

Executive summary (continued)
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feature an attached telephone and a
larger screen, and it will certainly
be very much more powerful.

security. Although not every

portables will be used increasingly
in business, radio and infra-red
communications will be unable to

design, to identify those that will.
Designers should therefore ensure

building designers may now rely on
it. This stability also allows them to
calculate the space required.

occupant to install a central
computer suite if necessary.

Chapters 6 and 7.

Although cellphones and laptop

provide the data transmission speeds
needed by these workstations.

Estimating the space, cabling,
power, and cooling implications of
such workstations, as we do in
Chapters 2 and 5 of this handbook,
is now a practical proposition.

Departmental computers
New office buildings should be
designed to allow for at least some
of an occupant s computers to be
installed on-site. This is because

most people in offices work in

groups
in teams, departments,
and divisions
and computers are
being used increasingly to support
such groups by storing the
information they share and helping
group members to communicate and
cooperate.

The use of graphics and pictures in
business systems is growing and this
is likely to encourage theinstallation
of departmental computers on the
samesites as their users.
Central computer suites
A growing proportion of office
buildings will need to include a
substantial computersuite.
Compared with ordinary office
areas, computer suites require much
higherlevels of services, notably

© Butler Cox ple 1989

power, cooling, cabling, and

building will need to accommodate

sucha suite, it is impossible, during

that office building designs are
sufficiently adaptable to allow an

Communications cabling space
Building designers should therefore
provide space for structured voice
and data cabling systems, together
with spare space to accommodate
successor systems, probably made
from optical fibre, that will be
neededlater in the life of the
building.
The inadequacy of the spaces for
communications cables has been one
of the commonest problems found in
installing IT systemsin buildings. In
part, this has resulted from an

undisciplined proliferation of data

communications cables, each able to

support only a single kind of
workstation.

Structured cabling systems, such as
those offered by AT&T, British

Telecom (BT), Digital Equipment

Company Limited (DEC), and IBM
United Kingdom Limited, provide
the meansof solving this problem.

Structured cabling systems allow a

wide range of office IT equipment
to be supported on a single kind of
cable, at least until the limits of
copper cables have been reached.

Sinceall structured cabling schemes
require cables to radiate from

telecommunications closets to users

desks, this topology is stable and

Detailed guidance on this appears in

The power and cooling demands
of IT equipment in offices will
continue to rise
Just as it is possible now to infer a
great deal about the future nature
and use ofIT in offices, so the
power and cooling demandsof IT
equipmentin offices can be
predicted with some certainty.
Penetration of data terminals and
personal computers
The penetration of data terminals
and personal computers is rising
very rapidly and will reach one per

desk in many organisations by the
mid 1990s. In addition to this

growth in desktop IT equipment,
there is a corresponding growth in
the number of shared printers and
other peripherals which also
contribute to the power and cooling
demandsin office areas.
Dissipation per workstation
It is difficult to predict the electrical
powerrequirements and correspond-

ing heat dissipation of individual

workstations. The trends towards

larger screens, with higher

resolution colour displays and
greater processing power, which

increase electrical power con-

sumption, are offset to a certain

extent by improved technology and
efficiency in more recent products.

However, a personal computer with
a colour screen requires two or

three times as muchelectrical power
as a data terminal with a

monochromescreen, and a laser
printer requires four or five times as

muchelectrical power as a dot

matrix printer. So power demand

and cooling load per desk will rise

as these technologies are adopted.

Diversity
Electrical engineers use a diversity
factor in estimating the total
electrical load for an office building

to allow for the fact that not all

equipment will be in use at the
same time. When personal
computers were first introduced
they rarely had a network

connection and were left switched
off for much of the day, so a low
diversity factor could be used.

However, as office staff begin to do

more and more of their work on a

computer, and particularly when
networked applications such as
electronic mail and electronic diaries

are in use, they will leave their

personal computers on all day. This
will result in the need to allow a

higher diversity factor in electrical

powercalculations.

Taking these factors together, we
believe the small powerload for IT
equipment could increase from

Executive summary (continued)
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configurations, result in a higherquality working environment at

lower cost than doesflexibility that

is uncontrolled. However,
organisations should consider the
degree of control they wish to exert

over their staff before limiting
individual freedom in this way. At

supply and cooling. Not all of the
capacity needs to be provided
initially. Ideally, the building
services should be able to meet
immediate requirements efficiently,

present, only a few companies have
reached the stage where internal
moves involve only the movement

economically when required.

IT requirements should be
considered at an early stage
The impact of IT on building space,
layout, power, and cooling
requirements is now such thatits
requirements should be considered
at the outset.

and be able to be enhanced

Somerigidity in office layout is
beneficial in space planning
The design team should address the
practicalities of servicing and
lighting office areas as part of the
design process. IT affects the
servicing issue both in a direct
sense, because of the need to

accommodate cables, and indirectly,
through its power and cooling
demands. Workstations present
particularly strict requirements for
lighting, and thus for interior
design. In the future, the use of
voice recognition systemsis likely to
create acoustic requirements, which
will also bear upon interior design.

Requirements of this sort are
difficult to meet if building
occupants are free to move their
desks and other equipment around
within the office. Predetermined
partition layouts, based on the
building construction module and
standardised furniture

© Butler Cox plc 1989
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of staff rather than the movement
of furniture and floor boxes.

IT makes substantial demands
on buildings
Information technology now makes
very substantial demands on office
buildings in space for central and

departmental computer rooms,

telecommunications equipment
rooms, wiring closets, and on the
desk top. Furthermore, prewiring

every desk with telephone and data

cabling requires considerably more
space for cables and cable patching
than was needed for telephone
wiring alone.

IT demandsare the main variable
in services design
The basic human requirements for
heating, ventilation, and air
conditioning are well understood, so

this leaves information technology

as the largest variable factor in
building services design.

IT affects the shell-and-core as
well as the fitting out of office
buildings

IT requirements for power and
cooling are reflected in the design of

building services. The space allowed
in plant rooms and service cores will

reflect the ultimate level of

electrical power supply and cooling
needed. These space allocations
need to be considered in the earliest
stages of a building design and
certainly at the shell-and-core
stage in any speculative
development.
To ensure a good overall design, it is
essential that IT specialists are
involved at an early stage. Their
contribution may affect the
selection of the site (to obtain access
to suitable telecommunications
services), total size (to reflect the
impact of IT on space usage and
work patterns), and the allocations
of space, power, and cooling for IT
equipment, amongst other things.
Although IT is usually not the
largest component of these
allocations, it is generally the least
predictable.
Management must insist on multidisciplinary cooperation
The design and construction of a
building is an extremely complex
undertaking, involving people from
many different professional

backgrounds having different

commercial interests. Each party is
likely to give primacy to certain
aspects of the whole. Developers
seek to minimise non-lettable space,
architects emphasise aesthetics,
engineers stress the servicing, space

planners focus on workflow,

adjacencies, and furniture layout,
and the ultimate occupant will
probably want a building that is

attractive to staff and visitors, and

convenient to use, yet economical to

occupy.

Each discipline has a valuable
contribution to make to the overall
design, but it is important to
achieve a balance between the

various aspects of the finished
building.

Manyof the problems of today s
buildings are due to ineffective
communication between different
disciplines. So the developer and the
occupier s management alike should
insist upon the involvement of IT
specialists in building projects, and

on effective interdisciplinary

cooperation. We discuss the
management arrangements that will
be needed to achieve this in the
chapter that follows.

Chapter 2

The impact of information technology

Or all the advances that are

affecting the shape of business in

the closing years of the 20th

century, it is widely agreed that
information technology (IT) has the
potential to cause the most
convulsive changes of all. IT will

change what office workers do, how
they do it, and even where they
work.

IT is causing fundamental rethinking
in office design, because of the
impact that IT has on people and
their work, and because of the

accommodation demands made by IT
equipment on office space, lighting,
and power.

Until recently, probably the most

certain feature of IT in the office

has been uncertainty. No wonder

architects and office planners have
had suchdifficulty in coming to
terms with the issues. Today,

however, it is possible to see the
future forms of IT and their impact
upon businesses. That is not because
IT s acceleration is set to decline.
Rather, it has reached a point at

which predicting the future is
suddenly less uncertain than has

been the case before.

In this chapter, we describe the key
developments in IT as they will

affect office buildings and their
design. We begin with an overview

of the technology itself, before
going on to describe IT s impact on

the organisation of people, its

requirements for space, the need for

adaptability in building design, and
some of the key design
consequences.

===
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Figure 2.1
A typical office
building

e
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Important developments in information technology

Figure 2.3

ure most significant advances in IT

A typical LAN

are occurring at the desktop, within

configuration

departments, and at the level of the

A configuration with a

mainframe computer suite.

local area network

(LAN) on each floor
and a high-speed

backbone LAN is
expected to become a

common arrangement

for office building data
networks.

Figure 2.2
The increasing
penetration of
workstations
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The desktop

The most obvious change that has
occurred within offices in recent
yearsis the proliferation of the
desktop personal computer.

The personal computer has its own
data processing and data storage

capability so that, given appropriate

software, it can be used for a wide
variety of tasks such as word
processing, financial analysis,
accounting, and graphic design.
Recent technical developments have
focused on ease of use. The next
generation of personal computers
will be able to process more
information much faster.

The penetration of personal

computers is rising rapidly from one
in three or four office workers at

the end of the 1980s, to one per
desk in the mid-1990s, as is shown
in Figure 2.2. At present, personal
computers are used mainly by professional staff. However, they will
replace the conventional computer
terminals now widely used for
routine clerical functions. In order
to support the growing numberof
these more powerful workstations,
it will be necessary for office
buildings to provide more electrical
power, more cooling facilities, and
better lighting. In Chapter 5, we
provide an estimate of the level of
electrical power supply and cooling
required for IT in offices.

The department
The power of the personal computer
and its widespread deployment has

© Butler Cox ple 1989

led its users to look for ways of

sharing information within a
department, and for linking to the
organisation s central computers.
Local area networks (LANs) have
been developed to meet this
demand.

The first LANs required special

cables installed between desks in a
linearor ring configuration. Now,
however, products are available that
allow each desk to be directly wired

to a wiring closet. In the wiring

closet, cable patchingfacilities and
small electronic units connect the
simple radial wiring to form the
necessary LAN configuration.
This structured type of data cabling
may be used for a mixture of
conventional computer terminals
and workstations with LAN
connections, eliminating the need
continually to replace the data
cables in office buildings. The
significance of this developmentis
that data cables can now be

considered a part of the building

rather than part of the computer
system.
Data cables suitable for LANs and
the associated cable patching
facilities and electronics take up
much more space than before.
Wiring closets need to be larger and
these closets need a small amount of
electrical power and cooling. In
Chapters 6 and 7, we give guidelines
for the design and sizing of these
closets.

Optical-fibre data cables provide

high data transmission rates and are
immuneto electrical interference.
They will often be used in the data
communications backbone between
central computer rooms and wiring
closets. However, fibre cables will
not replace copper cables between

the wiring closet and the desk for

some time. There are two reasons
for this. First, the majority of

optical-to-electrical signal convertors

needed at each desk arerelatively
expensive. Second, the majority of
optical-fibre cables and connectors
are not yet sufficiently rugged for
use between the floor box and the
desk.

Central computer suites
Despite the growth in the use of
personal computers, central
computers will continue to be an
essential part of business operations.

Manyorganisations are seeing a

growth in demandfor central

processing powerand data storage
of 40 per cent or more a year. The
manufacturers of large central
mainframe computers are achieving
rapid improvements in processing
powerandstorage capacity per
square metre of floor space and per
kilowatt of electrical power
required. Despite these
improvements, many businesses find
themselves continually expanding
their central computer suites, and
building additionalfacilities.
To avoid paying high rents and to
allow for easier expansion,

mainframe computer suites are

often located out of town.

Telecommunication links have
adequate capacity and are cheap
enough to make this remote

operation economically viable. In
the future, however, this
convenient arrangement will be
upset by the introduction of

electronic document image
technology.

Electronic images of documents are
set to replace paper. However, an
A4 sized image needs 1,000,000 bits
of information to display it on a
screen with acceptable resolution.
That compares with 16,000 bits for a
full screen of text. It is unlikely that
telecommunications links will be fast
enough or inexpensive enough for
organisations to store document
images at a remote site, when they
have to be accessible virtually
instantaneously. So businesses will
need to have at least some of their
central computing facilities on site.
If the document image systems
cannot be accommodated onsite,
space will need to be found within a

kilometre or two so that direct

wideband communication links can
be provided economically.

Patterns of organisation

[iiroumetion technology has already
changed the way in which
organisations are structured. These
changes will certainly continue.

Figure 2.5
Changes in pattern of
employment
Over time, a reduction
in the time staff spend
in offices will be

They are likely to alter the role of
the office building over the next 20

accompanied by
moves away from
standard employment

years, increasing its significance as a

meeting place and reducing its
primary role of providing

accommodation for office workers
and their desks.
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Current situation

Traditionally, British companies and
public bodies were organised around
such familiar principles as full-time
employment, hierarchy, attendance
at office buildings, and
standardisation of terms and

conditions. Each of these is now
under pressure.

Flexible employment
The last decade has seen substantial
increases in the numberof part-time

rather than full-time workers.

Although reducing the employer s
costs has been a major driving force,
the trend has provided work
opportunities for people, mainly
women, unable to accept full-time

employment. There has also been an

increase in the use of consultants
and subcontractors. As the longpredicted shortage of skilled staff
becomes more apparent, employers

will be obliged to do more to meet

the needs of their workers for

flexibility. As a consequence,

employers will increasingly find
themselves with a variety of
employment patterns, even if this
was not their intention.

Homework
Employment has required
attendance at a place of work, a
factory, or an office, both because
the materials and tools were there,

and because the work needed to be

supervised. (Of course, people

attend offices to work for a variety
reasons, of which social contact is
not the least.) The advance of IT
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means that the material for most
office work
information
can be

transmitted electronically, although

only with the introduction ofdigital
networks and document image
processing will this becomereally
convenient. The tools of office work

are increasingly a telephone and a
workstation, both of which can be

installed at home. Supervising work
done at home raises some
difficulties but, in many office jobs,
there is little moment-to-moment
supervision anyway
and the
telephone and workstation can be
used to share and resolve problems.

The advantage to the employer of
encouraging people to work at home
is that substantial savings are
possible. The advantages to
employees are less clear, however.
They lose social contact, which is an
important motivator. Early
experience suggests that work from
homeis attractive only to a minority
of staff.
Whenstaff work at home, they will
tend to be paid for results rather
than for effort. (This will, of course,
require managers to decide what
results are required and what
standards of work are acceptable.)
This relationship is at least as close
to customer-contractor as it is to
manager-employee, and it will tend
to evolve towards the former. Staff
who do not work at home will be

affected, because the habits of
setting and demanding clear
objectives are likely to prove

oe

wa -

contagious. As the ties of
employment are replaced by the

links of contracting, the organisation
will come to seem morelike a
networkandless like a pyramid.
The organisation of the future

The organisation of the future is

likely to comprise three parts, which
may be clearly differentiated:
A core group, including senior

managementand their immediate
support staff.

computers make it possible for an
increasing proportion of the

remaining staff to work away from
the office.

These changes have implications for
the location and aesthetics of a
building. There are other

implications too. For instance, there
is likely to be an increased emphasis
on travel outside the usual rush

hours. Furthermore, buildings will

need to provide a higher proportion

of meeting rooms, and a lower

Trusted subcontractors, based at
their homes or their ownoffices,
but treated as part of the
organisation for many purposes.
They may be paid for the time

proportion of ordinary office space.
At least some of the office space
will need to be allocated to staff on
a temporary rather than a
permanent basis.

Subcontractors, whose
relationship is more distant.

References
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worked or for the work done.

The role of the building

Thetraditional role of the office
building is to accommodate people

and their (largely paper) files. It has
also provided a meeting place for
customers, suppliers, and
consultants, as well as otherstaff.
To these traditionalroles,
developments in technology have
added the need to accommodate a
wide variety of office equipment.

Information technology is changing
the role of the office building. On
the one hand, computers are
increasingly automating the more
routine business functions, reducing
the need for clerks, typists, and
data entry staff. On the other,

Toffler, Alvin. The third wave.

London: William Collins & Co Ltd,
1980.

Long-term Perspectives Group.
ITfutures ... IT can work. London:
National Economic Development
Group, 1987.

Trends in space requirements

Usabie space is the space in which
an occupant can install staff,
machines, and furniture. In practice,

Figure 2.8
A typicaloffice area
The space required
for primary and
secondary circulation
cannot be used for
desks and equipment.

the usable space must also include
some space, known as secondary
circulation, for people to move
between desks.
Figure 2.6
Use of space as a
proportion of the
gross internal area

Cores
(landlord)

Staff and

equipment

Primary
circulation

Secondary
circulation
Figure 2.7
Use of space as a

proportion of the net

lettable area

Primary
circulation

Staff and

equipment

AP)

Secondary

circulation

In most buildings, usable space
amounts to about 65 per cent of the
gross area. The remainderis

unavailable space, which cannot be

freely used. It includes lifts, stairs,
landings, corridors, plant rooms,
toilets, and service cores. Where the

occupier is not the owner, the
unavailable space is divided

between the landlord and the
tenant, as shown in Figures 2.6 and

2.7. The landlord s space, on which

the tenant is not charged rent,
usually includes plant rooms, service

cores, and toilets, but not the

primary circulation on each floor.

Most buildings need to accommodate
areas such as meeting rooms, dining
rooms, filing areas, and so forth,
which are not permanently occupied
by people. Figure 2.9 shows a
typical space allocation for these
functions.
The effects of technology
During the last 20 years, there has

been a continuing increase in the

amountof space allocated to each
office worker. This increase seems
to be due to the shift from clerical

to professional work rather than the

use of technology. More recently, IT
equipment has entered the
workplace in increasing quantities.
Most substantial organisations have
seen the number of computer
terminals and PCs rise from one per

100 staff to 70 or more per 100 staff
over the past 10 years. In many
cases, these terminals and PCs have

been accompaniedby printers,
modems, disc drives, stationery, and
manuals, requiring additional
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desktop space to accommodate

them. So far, the IT equipment has

done little to displace either paper
or previous equipment, so a
significant demand for extra space
has been created.
In the future, the proportion of
people with workstations will
continue to increase, reaching

100 per cent within five years in

most organisations. Some ancillary

In selecting an office building, and

more especially when specifying or
designing a new building, the
possibilities of a significant change
of use should be considered.
Changes in the pattern of use may

require the building to be let to
multiple tenants, or to be sub-let by

the main tenant.

In planning power supply, cooling,
and cabling, the building design

items, such as modems, will be

team should consider the highest

They will share devices of larger

to have not less than 400 ft?
(11.5 m ) of air space. With ceiling

absorbed into the workstation. In
addition, fewer people will have
their own printers and disc drives.

size and higher performance over
high-speed LANs. The desk space
required by each workstation will

therefore get smaller. In the long

term, optical discs and more
powerful intelligent workstations
will make it feasible for computer
systems to replace paper in many

offices. The space required for
paperfiling could therefore also
decline.

The implications for building
design

The automation of routine work and

increased flexibility in patterns of
employment will increase the
requirement for meeting rooms and
other social areas at the expense
of ordinary offices. People will
spendless time in their normal
offices, although they may
spend time in other offices or
neighbourhood work centres
instead. Increasingly, these staff will
be expected to share space when
they are present.

staff density that is feasible. The
relevant Act requires each employee
of normal height, this implies an
area of 45 ft® (4 m ). In practice, this
density is used only in very
exceptional circumstances or small
areas. An allocation ofas little as
5 m? of usable space per person is
possible, although not usual. This
corresponds to about 8 m? of
lettable space, when due allowance

has been madeforcirculation space
and other areas in which people
cannot be located.

Whenallowance is made for areas

that are not continuously occupied

and for spare spaceto facilitate
moves, the space per personis likely

to be raised to a minimum of 10 m?

for a whole building. Some buildings
outside cities may provide as much
as 20 m?.
Reference
Debenham, Tewson and Chinnocks
Holdings ple. Office needs: the
occupier s view. London: 1988.
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The need for adaptability in building design

Aithough the main trends in the

deployment of IT are clear and
common to all organisations, there
are likely to be significant
differences between organisations in
the sizes of their computer systems,

and in the balance between
centralised and decentralised
computing. To the designer, this
means providing sufficient space to
accommodate both central and local
computers and adequate local
networks, and to install sufficient

capacity to meet initial needs for

powerand cooling services (say, for

the first five years), plus sufficient
infrastructural capacity to meet the
highest rates of growth that seem
plausible.

Figure 2.10

Lifetime costs for
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levels of adaptability
and initial provision
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The problem

Because buildings are designed to

last for decades rather than years,
they will have to meet many
changing requirements over their
lives. In particular, many will need

much higherlevels of electrical

powerin the future than when
built. Providing at the outset all the

facilities that could ever be

required, at the highest conceivable
levels, is obviously uneconomic. So
design teams may be tempted to
consider only the immediately
foreseeable requirements.

Even foreseeing the occupants
needs as far as seven years ahead
still covers only a small fraction of
the building s useful life. Changes
beyond that will create needs that
the building will be unable to
support without additions to the
fabric, or replacement of services,

or both. The alternative is to
demolish the building. Many

20-year-old buildings are now being
demolished for these reasons. The
cumulative costs of both basic and
highly flexible buildings are shown
in Figure 2.10.
The solution
The solution to this problem is for
the design team to distinguish
clearly between theinitial
requirements and the capability that
should be built into the

infrastructure to enable it to meet

future requirements. Initial
requirements may be defined as
those neededin the first few years
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of the building s life. These
requirements will vary, both
between industry sectors and
according to the policies of the
organisation using the building. The
potential long-term requirements

can be defined by assessing the
kinds of demandsthat the future
may bring. (In this handbook, we

have donesofor the limited, but

important, range of issues affected

by IT.) The design team should not

attempt to design a building that
meets them all, but rather one that
can be adapted to meet them all.
This adaptability is expressed
through the design andsizing of
spaces and the services infrastructure, as shown in Figure 2.11.

In Chapter 4, we deal with those

spaces that are specific to IT, while
in Chapter 5, we discuss the highest
foreseeable levels of demandfor IT

powerand cooling services. The
demandlevels should be combined

with corresponding figures for nonIT components to produce total
numbers, and thus to estimate the

required sizes of plant rooms and
service ducts.

The second elementis the services
infrastructure. The main fixed
elements, such as chilled water
pipes, main electrical cables, and
vertical busbars should be sized to
meet the highest foreseeable
requirements, and should extend
throughout the building. Although
this approach provides considerable
adaptability, the costs are likely to

be acceptable because such
equipment as standby generators,
uninterruptible power supplies

(UPS), and heating, ventilation, and

air conditioning (HVAC) plant need
to be provided only to meet

immediately foreseeable demand.

Organisation of project teams

A central theme in this guide is

Fi igure

the importance of considering the IT

2.12

Organisation of

requirements at an early stage in

the project team

speculative
a levelopment

the design of a building. IT systems
require space, power, cooling

facilities, and fire detection and
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Architect/

facilities and distributed
departmental facilities, as well as
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There are two approachesto the
construction of a new building. In a
city centre, and especially in
London, most new office buildings
are speculative developments. The
developer does not usually know
whothe tenant, or tenants, will be

when the building is being designed.
Often, in these cases, the developer
completes only the basic structure
of walls, roof, and floor slabs, and
the central services such as power,

HVAC, lifts, and building-

management systems. The landlord s
areas, such astoilets, lift lobbies,
and reception areas, are often
completed too. (This is termed the
shell-and-core stage.) The tenant,
or several tenants if the building is
to be a multiple occupancy, then
completes the sub-let areas in a
separate fit-out stage. The fit-out
usually includes access floors,
ceilings, air-conditioning ducts,
electrical distribution, and voice and

data cabling. The other approach to

building design and construction is
the more straightforward one in
which the owner-occupier
commissions an architect to design
and build an office to meet specific
requirements.

In both cases, IT requirements must
be considered in varying degrees of
detail at each stage of the design
and construction process. We have
considered the speculative shell-andcore approach in this guide because
it is the more complex of the two.
The main difference between the
speculative development and the
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owner-occupier developmentis that,

in the latter case, there is usually
only one design team. However, the
type and timing of the IT
requirements that must be fed into
the design process are broadly

similar.

Figure 2.12 shows the project-team
organisation appropriate for a
speculative shell-and-core project.
The developer s design team takes
responsibility for meeting the
requirements of the developer s
brief. The design team should
include an architect, a mechanical
and electrical (M&E) engineer
responsible for the design of the
extension of the building services
from the landlord s provision in the
core into the tenant s area, and a
quantity surveyor.
The design team should also include

an IT consultant capable of
understanding the potential tenant s

business andlikely IT requirements.
Often, the tenant will have a
steering committee that is
responsible to the board for the
fitting out and relocation project.

This committee might be chaired by

a board member, and include the
relocation project manager, the
finance director, a senior
representative of each user
department that will be moving into
the building, and the head of
management services. The main
functions of this steering committee
will be to appoint the project

wb

managerand thefit-out team,

approve the design brief, agree on

the budget, and take ultimate
responsibility for the project.

Figure 2.13 shows the appropriate

arrangements where the building is

developed by an organisation forits
own use. The functions are similar
to those required in thefirst case,
but a single design team is usually
responsible for all aspects of the
project.
Thefitting out is usually awarded to
a management contractor, who will
subcontract most of the work
for
example, the M&E work, furnishing,
and the IT cabling. We have shown
the IT cabling contractor as part of
the fit-out team, although, on many
projects, the reporting line for IT
cabling contractors is unclear. In our
view, the cabling contractor should
report on-site to the management
contractor. The management
contractor should control all
activities on-site during fit-out,
including IT cabling, and should be
able to call on the design team
during fit-out to resolve any design
queries that arise. The client s
project manager mayalso wish to
employ the members of the design
team to inspect the works on-site
and to issue completion certificates.

Timing of decisions on the design of information technology

The design and construction of a
building is a complex process

involving many stages. In order to

manage a building project
successfully, it is essential to be

aware of the critical design decisions
that must be made, and of the
timing of those decisions.

Figure 2.14
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Figure 2.14 shows the main ITrelated decisions and their timing. It
showsthe shell-and-core design and
construction overlapping the fit-out
stage. Three of the main IT
parameters relate to the shell-andcore design and must therefore be

addressed at an early stage:

Workplace space, power, and
cooling requirements: these will
affect the size of the plant
rooms, and must therefore be
considered in the outline brief.

Space allowance for central IT
equipment: this space allowance
implies a significant power and
cooling load, which will again
affect the size of the plant-room
space, and must be agreed during
the conceptual design stage.

The size, number, andlocation of
the IT cable risers and external
cable entries: these affect the

design of the building cores, and
should therefore be fixed during
the detailed design of the shell
and core.

In addition, IT factors should be
considered in deciding on the
location of the building, as we

explain in Chapter 3.

Before selecting a speculative
building, or commencing the design
of a commissioned building, the
occupier must identify his space
requirements. This space-planning
brief should cover not only the
requirements of the office area, but
also all the central space
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requirements, including IT
equipment rooms, and so on. This
leads on to a stacking plan in which

Horizontal underfloor
trays/trunking should be installed
after the raised floor has been

should identify the floor of the
building on which the central IT

Underfloor horizontal voice/data
cables are best installed
immediately after the small

the organisation s space
requirements are matched to the net
lettable area available on each floor
of the building. The stacking plan
facilities are to be located, and the
amount of space required on other
floors for cable patching rooms and
any departmental equipment rooms.

The other major IT parameter in the
fit-out design is the horizontal
distribution method and the
quantity or density of presentations
needed. The whole design team
must work together on this issue.
Theelectrical, telephone, and data
presentations must be coordinated

and decisions made on the degree of
flexibility to be achieved. The
design could be flexible enough to
accommodate any reasonable
furniture layout, or it could rely on
desks being fixed. Cables could be
terminated below thefloor, at floor
level, or in the furniture.
In addition to the timing of the
design decisions, it is important to
plan the installation of the cabling
and IT systemsto fit in with the
building works:

Vertical voice/data cables should

not beinstalled until cable

patching roomsare finished,
termination frames installed, and
the complete route free from
debris.

laid, but beforeit is finally
levelled.

power, while the floor tiles are
still up.

Overhead voice/data cables

should be installed before any
false ceiling is installed.
Reliable power supplies are
essential for testing and
commissioning computer and
telecommunications systems. All
electrical systems, including
distribution switchgear,
generators, and UPS equipment,
must be completely tested and
handed over before computer/
telecommunication testing begins.
If air-conditioning, fire detection,
and fire prevention systems are
provided, they must be fully

tested and accepted before the
computer/telecommunications
equipment is commissioned. If
the air-conditioning system is

controlled by a building-

management system (BMS), this
must also have been tested and
accepted.
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Communicating the design

Figure 2.15
A typical underfloor

Diésigning a building involves a
series of choices to provide a cost-

cable layout
CAD drawings can
show cable routes in
relation to the floor tile
grid.

effective solution to the

requirements defined in the design
briefs to the architects, engineers,
and space planners. Although we

have stressed the need to provide

flexibility and adaptability, these
provisions will inevitably be limited,
and will not necessarily exceed
those specified in the briefs. It is

Electrical powertray
Voice/data cable tray

Floor box in movable
floor tile

important that both the managers

responsible for the facilities and
those responsible for the staff and

equipment be aware of these design

limits.

Electrical power track
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In the past, building designers were
unable to foresee the revolution in
the use of IT which has made many

office buildings obsolete. Much of

today s practice is significantly
better. In some cases, the design

brief does specify required levels of
adaptability, while in others, the

design teams have built them in as a
matter of course.
Once a building or refurbishment

has been commissioned and handed

over to the occupants, it passes out
of the control of the design teams.
There is therefore a need for the
occupant to stay within the design
limits of the building. In turn, this
requires that the occupant knows
what they are. Both theinitial
designs and their rationale must be
passed to the occupant s facilitiesmanagement staff. This may require
sometraining of those concerned, to

enable them to understand both the
arguments involved in the rationale,

and the nature and implications of
the design decisions that have been
made.

Like any other complex construction, every new building should
be accompanied by an owner s
manual explaining, in terms
intelligible to facilities-management
staff, the design principles and
expected performance of the

building, and the maintenance and

operating disciplines required to
ensure that the expected
performanceis achieved. This
manual should clearly state the
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limitations of the design, and may

include examples of changes of use
that should be avoided.
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GUIDELINES
The developer should provide

every building with an owner s
manual , suitable for use by the

occupant s facilities-management
staff. Failing that, the
developer s brief, designs,
engineering reports, and so on,

should be passed to the owner,
whoshould keep them safely.
They should be available to
facilities-management staff for
reference.
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a both the developer and the
occupant, location is a critical issue.

Location has the largest single

influence on the value of a building,

and thus on the cost of occupation.
City sites are generally more
valuable than rural sites and, within
cities, central sites are more
valuable than others. These relative

Figure 3.1
Industrial land values
as a percentage of

the average for

England and Wales,
1977
There are wide
variations in land
values.

values are, in part, a reflection of
fashion. They are also indicative of
the proximity of sites to other
businesses, and to facilities such as
shops, parks, and railway stations.
Amongst thelist of facilities, two

Figure 3.2

Industrial land values
as a percentage of
the average for
England and Wales,
1988
Land values have
risen rapidly in the

South-East and along
the M4/M5 corridor.

that are growing rapidly in

importance are telecommunications

services and a clean radio
environment.
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Telecommunications services

The physical location of a building
has always been an important issue
for its occupants and developers..

Figure 3.4

Satellite coverage
The power of the
signal available from
the TELECOM 1
communications
satellite varies across
the United Kingdom.

Many factors influence the choice of
location
notably, the cost of land,
and the proximity of customers and

suppliers.

Figure 3.3
Mercury

Communications
Ltd s UK trunk

Within the shaded
areain the south-east
of the United
Kingdom, an antenna

of 3.5 m is sufficient.

Larger antennae are

neededin other

Aberdeen

areas,

network
Mercury service is

most comprehensive

in areas served by the
trunk network.
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As discussed in Chapter 2,
organisations are increasingly
dependent on their computers and
other IT systems, and on
telecommunications in particular. It

is therefore important that the
suppliers of such systems should be

able to provide the necessary levels
of engineering and other support. It
should not be assumed that every
supplier will be able to provide a
high-quality and responsive service
at every place within the United

Kingdom.

Although telecommunications
service was broadly uniform
throughout the country in the past,
this is no longer true. The services
of Mercury Communications Ltd
(MCL)are, as shownin Figure 3.3,
fully available only in someareas.
The more advanced of British
Telecom s (BT) services are also
geographically restricted at present,

because access to BT s integrated

services digital network (ISDN)is
available only via System X and
System Y digital local exchanges.
Service from these exchanges was
available to 40 per cent of business
lines in March 1989, and will be

available to 75 per cent by March
1992.

Access to the services of other
providers, such as local cable
companies, also varies from place to
place. As Figure 3.4 illustrates, the

use of communicationssatellites

requires larger antennae in some
parts of the country than in others.
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This geographical variationis likely
to continue; as today s services

GUIDELINE

newservices will appear, initially in
limited areas.

cations services and of

become more widely available, so

In addition, the provision of certain
facilities may be difficult in some
areas. For instance:
Thevery large private-circuit
networks needed by money-

brokers cannot be provided

economically outside London s
Moorgate exchange area.
Thepresence of rivers and
motorways may make the
provision of alternative routes
from the site to the main

network difficult.

Even where no very unusual
facilities are needed, the provision
of telecommunications services may
take many months. A delay of three
years has been knownfor a major
development. The developer should
therefore start discussions with
telecommunications providers at the
earliest possible stage, preferably
before becoming committed to the
site. Such discussions should include
the following topics:
Diversity of routeing.

Multiple service accesses to the
site.

Range ofservices available.

Timing of new services.

Support arrangements.

The availability of telecommunimaintenance support for all IT

and office equipment should be
considered in deciding on the
location of a new building, or in
selecting a building for
occupation.

Discussions should be held with

BT and, where appropriate,
other service providers, as early
as possible to establish their

willingness, or even ability, to
provide the required

telecommunicationsfacilities in
a timely manner.

1e radio environment

Mosaern computers operate at high
frequencies and emit small amounts
of radio-frequency radiation.
Powerful sources of electromagnetic

radiation, such as radar transmitters, are likely to interfere with

Electromagnetic
radiation from airport yi

nearby computers, causing them to
malfunction. Radar systems are

found near seaports and airports

and, occasionally, in less obvious

places. Less powerful sources, and

sources of lower-frequency waves

(such as powerlines), will not
generally cause interference unless

they are very close to the computer.

The radiation emitted by computers
carries information about the

processes within them, and might,
in principle, be received and
decodedillegitimately.

Figure 3.5
Office buildings and
electromagnetic
radiation
Office buildings are
subjectto
electromagnetic
radiation from sources
ofinterference such
as radar stations.
Equipment within an
office also emits

Industrial spy

obtaining data from

VDU radiation

radiation, which can

be intercepted by

industrial spies

outside.
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The development of faster

One wayof circumventing this

interference than those available

the whole building. A less expensive

computersis likely to result in
machines that are moresensitive to
today. Powerful sources of radio
waveswill therefore be an
increasing threat to computer

installations, which should not be

sited near them if possible. If a
computer must be operated in the
presence of such sources, it will be
necessary to build a screen between
the source and the computer, or
perhaps, a complete electromagnetic

screen around the computer.

Experience showsthat the signals
emitted by mainframe computers
are too complex to be decoded
without resources equal to those of
a major national security agency.
This is not, however, true of the
signals emitted by visual display
units. They can be captured at
distances of a few hundred metres

with easily available electronic

equipment, and used to reconstruct
the display. There is also evidence
that radiation from ISDN basic-rate

connections can be detected and

decodedeasily. On sites with many
visual display units, a radiation
eavesdropper is likely to have
difficulty distinguishing the
important business information from
the rest. However, it is possible that
eavesdroppers will be able to find
technical solutions to this problem.
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problem is the construction of a
complete electrical screen around

alternative is to use displays, such
as those based onliquid crystals,

which radiate less energy. Neither

of these steps could normally be
justified by a civilian commercial
organisation, however.

Reference
Recommendations for the
accommodation and operating
environment of computer
equipment. IST 22. (Draft).) Milton
Keynes: BSI Committee, 1989.

UIDELINE

Installing a computerin line of

sight to sources of radiofrequency interference, such as

radar transmitters and TV
stations, should be avoided if
possible.

If a computer must be installed

near a radio or radarinstallation

or an industrial or medical site,
an electromagnetic survey
should be conducted by an
appropriate testing serviceto
determine the degree of risk.

Thefield strength should not
exceed 1V/m.

Chapter 4

The structure of the building

Wren drawing up a brief for a
building, it is essential to specify the
levels of flexibility and adaptability
that the design team should achieve.
It is possible to provide a great deal
of flexibility and adaptability by the
definition, sizing, and connectivity
of the various spaces that comprise
the building.

The ability to accommodate IT

systems depends on the existence
and sizes of the IT service spaces
that is, computer suites, risers,

frame rooms, telecommunications
closets, and local computer rooms. It
also depends upon the existence of
sufficient and appropriate plantroom space for the power supply
and air-conditioning equipment that
will be required. (Service levels are

dealt with in Chapter5).

As discussed in Chapter 2, IT will
have a wide-ranging impact on the
role of a building overits life. Every

part of the building has to be
adaptable to accommodate change.

Figure 4.1
A typical office

building

This hypothetical office
building is used to
illustrate a number of

points in this chapter.
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Allocation of space for computer suites
Communications risers (1) Location

Communications risers (2) Size for voice and network services

Communications risers (3) Size for non-voice communications

Communications risers (4) Construction

Telecommunications closets (1) Planning

Telecommunications closets (2) Location
Telecommunications closets (3) Size

Telecommunications closets (4) Construction

Depth andadaptability of sp

The

depth

72!

4 London Bridge,
London

of an area of office

flooris its distance from the nearest
window. Thisis significant because
only positions fairly near to
windowsbenefit from natural light
and a sense of outside space. The
windows maylook onto an internal

atrium rather than to the outside,
and need not have an attractive
view.

[Joom

Depth of space:

157"

x 612m.

131"

Figure 4.2

Floorplans of three
office buildings
These three examples

showtypical variations

Ropemaker Place,
London

in the proportions of
deep space available
in actual buildings.
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It is convenient to distinguish three
depths of space:

A Space within 6 m of a window,

B_

C

which is good for cellular offices
and can also be used for open
plan.

Space within 6 to 12 m of a
window, whichis unsuitable for
cellular offices and acceptable,
although less satisfactory, for

open plan.

Space more than 12 m from a
window, which is unsuitable for
office accommodation, although
it may be used for meeting
rooms and machine rooms. It is
convenient for machine and

storage rooms because

environmental control is easier.

Current situation
Traditionally, Depth A space has
been preferred for offices because it
provides naturalillumination
(although often not enough) and an
open outlook. Open-plan offices can
be arranged moreeasily if there is a
mixture of space of Depths A and B
(or even C). Deregulation and
acquisitions by traders in the
financial markets have created a
demand for very large, open-plan
trading floors. Buildings with a
relatively high proportion of
Depth C spaceare desirable for
these floors.
Future requirements
Manyfactors influence the style of
office organisation, including
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technology, staff preferences, the

state of the labour market, lighting
efficiency, and legislation. Most of

these may change in unforeseeable

higher when people are given
individual or small team offices. As

these tasks become more common,
and the benefits better understood,

ways, and designers therefore need
to provide a high degree of
adaptability.

open-plan towards smaller offices.

Both long-term occupants and
owners will benefit from a high
degree of adaptability in the

shallow space to allow for the
possibility of a high proportion of
cellular offices in the future.

buildings they commission and use.

Clearly, occupants will benefit if the
building can be adapted to meet
their changing needs. Ownerswill
benefit because an adaptable
building will retain its value for
longer. However, because
adaptability costs money, occupants
may need to consider the lifetime
costs of making a building highly
adaptable. They may find it
advantageousto lease a less
adaptable building at a lower rent
and accept higher adaptation costs
later in the life of the building.
In the financial sector, the
requirements for large, open-plan
office areas are unlikely to grow
significantly. In fact, they are likely
to decline in the longer term as

information on the state of the

market and on the positions taken
by other dealers becomes available
online.
Norwill other sectors follow the
pattern set by the financial sector.
Research showsthat productivity on
computer-intensive tasks such as
programming and graphic design is

we expect to see moves away from

Buildings should therefore be
planned with a high proportion of

Implications for information
systems

Open-plan areas generally have
higher occupation densities, and
thus higher servicing requirements,
than cellular offices. They are also
subject to more changes in furniture
layout, and often require (as
discussed on page 6.03) a different
approach to the provision of
services. Because of these
implications, IT designers need to
know which areas will always be

used for cellular offices and which

might become open-plan.

GUIDELINES

The design team should discuss
the planned use of space with

the IT specialist.

Office buildings should be

planned to facilitate division
into separate parts for subletting.

=)

Highly serviced zones

A highly serviced zone is a part of

eH?

Figure 4.3

the usable office space that is either

Broadgate 2, London,
showing the highly
serviced zones
The extent of highly
serviced zones should
be defined for future
use.

provided with much higher-than-

average levels of building services,

or in which those higher levels can
easily be achieved.

bn

rd
oy

Voice/data cable riser
Underfloor voice/data

HVAC supply and
extract

cables to desks

Electrical riser

Lee House, London,

Figure 4.5
Floor plan showing
the useof a highly

serviced zone
A highly serviced

zone facilitates the
introduction of
departmental
computer rooms in
the future.

showing the highly

serviced zones
Departmental
equipment room

MMADD

Ey Highly serviced zone

mm

Current requirements
Modern offices need to be able to
support IT equipment outside
dedicated computer suites. Apart
from workstations and their
peripherals, this equipment may
include communications

need a fresh air supply and extract
ducts. It is important to plan the use
of space in the highly serviced zones
to ensure that current and future
requirements for duct work and

printers, and disc stores. It is often

As discussed on page A.06, the
impact of today s trends in IT is
ambiguous. On the one hand, the

multiplexors, minicomputers, laser

desirable, in the interests of

security, environmental control, and
noise management, to segregate this
equipment from the rest of the
office space.
Suitable local equipment rooms may
require lockable doors, a dedicated
powersupply, uninterruptible
power, cooling for 300 W/m? for
24 hours per day, and many
telecommunications connections.

Cooling is probably the most critical

requirement and can be achieved by
a supply of chilled water to in-room

coolers, or by theinstallation of

self-contained air-cooling units. The
telecommunications connections will
generally be provided from the riser
(or cable patching room wherethis
is separate) and this requires a
suitable route. Although suitable
rooms can be built almost anywhere,
it is generally best to build them
nearservice cores, since this
requires the shortest cable and
pipework runs. Because they do not
require windows, they can be placed
in deep space.
The space near the coresis also
required for other facilities,
particularly kitchens, which often
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cable routes are not compromised.
Future requirements

increasing deployment of workgroup
systems(especially for image

handling) increases the need for

satellite equipment rooms. On the

other hand, the high cost of office

space in cities militates against the
use of such rooms, and encourages
the use of high-speed LANs.

Because the future requirements for

local equipment rooms cannot be
estimated accurately, the design
team should provide zones that can
be used economically either as
offices or as equipment rooms.
Because the provision of extra
services for highly serviced space
increases costs, the amount of space
provided should be limited to the
maximum foreseeable requirement.
Supporting arguments
Workgroups
that is, groups of
staff who interact mainly with one
another, and who work on a shared
task
generally consist of 10-20
staff. The shared equipment for
small workgroups can generally be
accommodatedin ordinary office
space (provided the cooling system
is satisfactory). The shared

equipment for four large
workgroups(say, 80 people in total)

GUIDELINE

might sensibly be accommodated in
a single departmental computer
room requiring a high level of

There should be some highly
serviced space for every 800 m?

located in a highly serviced zone.

There should be the potential
for at least 10 per cent of the

services. Such a room should be
Given that 80 people typically

occupy about 800 m? of lettable
space, there should clearly be some
highly serviced space for every
800 m? of office space.

A middle-range minicomputer with
associated equipment requires about

20 m*. Although 80 people are

unlikely to require more than two
such machines today, the growing
demand for computing and the
development of document-

management systems based on

optical discs are likely to increase
this. An area of 80 m?, 10 per cent
of the office area, would be enough

to accommodate four such
machines.

of net lettable area (NLA).

net lettable office space to be

much morehighly serviced than
ordinary office space. Such

space should provide:

Three-phase power.

Powerto 300 W/m .

Cooling for the above power.

A cable route to a communications riser.

Physical access for heavy and

bulky equipment.

Telecommunications entries

Te eemintceuons entries are the
places at which telecommunications
services can be brought into the

building from outside.

Terrestrial micro\
antenna

Figure 4.6 ;
An office building
showing
telecommunications
service entries
Occupiers are likely to

Figure 4.7
Concealed roof-top
satellite dish
Satellite dishes often
need to be located on
the roof-top, but it is
possible to hide them
from view

need two
telecommunications

cable entry points at
street level, and space
for satellite dishes.

Dish concealed from
ground level

Satellite antenna on

the ground if possible
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Organisations are becoming more
dependent on telecommunications
services. For many of them,
telecommunications provides their
principal, and sometimes their only,

contact with customers. As their

dependence on telecommunications
increases, more and more
organisations will want the security
provided by diverse routeing

that is, multiple, independent access
to services. This diversity may be

provided in one of several ways

for instance, by:

to widely distributed locations, such
as retail outlets.

In future, most large buildings will

require this range of options,
especially if they include computer

centres. Every building will need
multiple entries: small buildings
may, of course, need fewer than

large ones. Small buildings are also
unlikely to need the large satellite

antennae that are used for the more
sophisticated high data-rate services.

BT network.)

Satellite antennae are best placed on
the ground, to facilitate servicing,
and to avoid interference from
signals from terrestrial sources (via
side lobes of the antenna). If this is
impossible (as is often the case in

A mixture of terrestrial cable and

consider providing a roof space on
which antennae can be placed. (The
planning authorities are more likely
to grant permission for this if the
antennae are not visible from the
ground.)

Multiple cables to the nearest
British Telecom (BT) exchange.
(The exchange will itself have

multiple routes to the rest of the
The use of services from more
than one provider
BT and
Mercury Communications Ltd
(MCL)at present.

microwave links to the national
network.

A mixture of terrestrial and
satellite connections.

A variety of access routes will also
be advantageousfor the reception
of new services that may not be
available through existing facilities.

Places for satellite antennae are a

case in point because satellite
communications are finding
increasing use for videoconferencing, business television,
and the distribution of information
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cities), the developer should

GUIDELINES
All sites

The site should provide more
than one entry route for telecommunications cables. (If all
entries are to be occupied by

cables from the same service

provider, careful negotiation will

be needed to ensure that the
cable routes remain independent

once they leave thesite.)

Care should be taken in the

positioning of antennae to

ensure that stray radiation from

terrestrial microwave antennae
does not impinge on the (highly
sensitive) satellite antennae,

thereby causing interference.

Buildings over 2,500 m? and
computer centres
Areas should be provided where
terrestrial microwave dishes can

be placed. (These areas should
be strong enough to take
antennae.)

Sites should include at least one
area on whicha satellite
antenna with a diameterof at

least 5 m can be located, and

which has unobstructed lines of

sight to geosynchronousorbit.
These antennae are best placed
on the ground.

In cities, developers should

consider providing roof space on

which antennae maybeinstalled

so as not to be visible from the
ground.

The southerly are between

south-east and south-west of the
planned antennae should be
kept free of obstructions.

Small buildings

Buildings should provide places
at which 1.5 m diameter
satellite antennae can be
installed.

we

Service-entry cupboards

A service-entry cupboard is a

Figure 4.8

room within a building in which
telecommunications cables from
outside are terminated.

Figure 4.9
Plan of a typical
building basement
showing cable routes

Schematic diagram of
building wiring
The main (or building)
distribution frame
(MDF) provides a
termination and

Diverse routeing of

external cables is
often considered
essential. Within the
building, route
separation is also
desirable.

interconnection point
for internal and

external cables. The
PABX test jack frame
(TJF) must be in the

same room asthe
PABX, but it need not
be adjacent to the
MDF.
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Figure 4.10
A telecommunications
cable entry
A service-entry
cupboard is required

I

Test jack frame

I

SS Service-entry Si
cupboards,

Patch frame
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IT

to accommodate a
splice between

outside- and insidegrade

telecommunications
cables.

Manhole

°

0°
External cable

Splice

Service-entry
cupboard

Internal cable

Current situation

In the past, a single frame room has
often been installed to accommodate
the terminations of external cables,
building distribution cables, and
cables to the private automatic

branch exchange (PABX). External
communications cables are generally
filled with petroleum jelly to make
them waterproof. They constitute a
significant fire load and should not

therefore extend into the building

any further than is necessary.
Frame rooms are usually, therefore,
located close to the external
accesses. However, with the
increasing need for multiple,
independent, telecommunications

entries, this traditional multipurpose
frame room is no longer a sound
approach.

Future requirements
Traditional passive spaces must be
provided to terminate incoming

copper and fibre cables close to the

cable entry points. Since the spaces
needed are much smaller than has
been typical, we shall call these
service-entry cupboards rather
than frame rooms. This requirement
exists even when the buildingis
located on a campus with shared
access to off-site telecommunications facilities. The service-entry
cupboard should be designed to

provide termination of external

connections only, and not to provide
the base of the building cabling
scheme.

© Butler Cox ple 1989

GUIDELINE

There should be as many
service-entry cupboards as there
are external cable entries.

Frame rooms (1) Location

A frame room is a room within a
building in which connections are
made between telecommunications

Figure 4.12

Diagram showing
position of the main

distribution frame

cables, including cables connected to

The main distribution
frame (MDF) is
located between the
external service

external services.

cables and the

primary building
distribution cables. If
the MDF is more than

Figure 4.11
A typical main
distribution frame
A main distribution
frame (MDF) provides
a termination and
interconnection facility
for internal and
external cables

a few metres away

from the PTT cable
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entry, a splice to
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necessary.
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Currentsituation
PTT telephone technology has
traditionally relied heavily on
multipair telephone cables in which

many twisted pairs are contained in
a single protective sheath. These
cables are relatively compact, but
each pair has to be terminated on a
distribution frame, as shown in

Figure 4.11. Occupants have
traditionally installed a Main
Distribution Frame (MDF) in each

building to serve as the base of the
internal telephone wiring scheme
and the point at which the PABXis
connected to that internal wiring.
Because of the termination
technology used, frame rooms have

traditionally contained little or no

active electronics and have not
therefore required dedicated power
or cooling.

Future requirements
Despite the many advancesin local
communications, the need to install
large amounts of copper wire in
buildings will continue for many
years to come. Because building
wiring lasts much longer than the
electronic equipment connected to
it, and because it may, at any one
time, be used to support a variety of
types of communications, it is
appropriate to manage the wiring as

a separate resource and to have
separate rooms for cable termination
and interconnection. In addition to
the telecommunications closets on
the office floors, a central frame
room is needed to provide flexible
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connections between those closets,

and connection to various external
services (as shown in Figure 4.12).

This frame room should be located

in a place with convenient routes to

all the communications risers and to
the various service entries.

GUIDELINES
There should be a central frame
room with suitable cable routes
to the risers and service entries.

Frame rooms (2) Size

Figure 4.14

A small frame room
In smaller buildings, a
single-sided MDF will
be adequate.

Width of
frame room (m)

Single-sided
termination frame

Figure 4.15

large frame room

In largerbuildings,
double-sided MDFs

are more spaceefficient.

frame-room size

This graph indicates
the recommended
size of a frame room.
It is based on frames
having 1,200-pair
capacity per metre
width of single-sided
frame.

Two double
frames

2m

oem

Figure 4.13
Recommended

Two single
frames.
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Double-sided
termination frames
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Figure 4.16
Frame-room space
requirements

This table indicates

6m

the recommended
size of the MDF
in terms of pair

termination capacity
in relation to net

lettable floor area.

Allowing one trunk to every five PABX extensions,

®PSTN circuits plus PABX trunks.

Current situation

In addition to terminating external
cables, frame rooms havealso

served as the hub of the building

cabling system. Today s frame rooms

are generally sized to accommodate
an MDF with at least one

connection for every telephone

instrument, telex machine, or other

terminal using a line pair, one for
every outside line, and some
provision for data.

Future requirements
The frame room should be kept
separate from the PABX accommodation and from the accommodation
used for the equipment that
terminates any incoming circuit
because:
The PABX will be replaced
several times over the life of the
cabling scheme.

The MDFis part of the cabling
scheme, not the PABX.
Maintenanceis likely to be

separate.

The frame room should be large
enough to accommodate the
terminations of the internal voice
cabling and of the cables leading to
the service-entry cupboards, but not
to accommodate the electronics
needed to terminate modern, highspeed networks. Figure 4.13 shows
the largest number of copperpairs
that will be needed for an office

building outside the high-tech part
of the finance sector. No space
needs to be allocated for a.central
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data patching frame in the frame
room, because all data patching

frames maybe located in
telecommunicationsclosets.

The actual size of the frame room

depends on thetotal lettable area to

be served. We have assumed that

the highest possible staff density in
the building is one person per 6 m?
of the net lettable area (NLA). Each
person may need a telephone and a
workstation.
The smallest size for a frame room
that is convenient is 2 m by 2 m.
Whenlaid out as shown in
Figure 4.14, it is large enough for a
building of 600 m . Since a changing

mixture of PABX and Centrex
operations may be needed over the

life of the building, the largest
requirement should be allowed for.
Financial organisations may need
very much larger numbers of
connections
as many as 25 per
employee in some cases. The
guidelines are not intended to cover
these exceptional circumstances.
Voice and network services
The frame room should be planned
to last the life of the building and
should therefore provide sufficient

space to allow for recabling at some

stage. As shown in Figure 4.16, the
frame room must terminate cables
from the external services to the
PABX andto the building risers.

Because the PABX will be replaced
several times during the life of the
cabling, enough space must beleft

to terminate a second set of PABX

cables during the conversion. The
figure showsthe pairs that may be

needed on the MDF for each 100 m?
of NLA. Each 100 m? of NLA

requires MDF space for 120 pairs of
cables to be terminated. A popular
design of frame accommodates
1,200 pairs in a width of 1 m. Soa

1 m width of frame will support the
requirements of 600 m .
Data cables
Data cables should be terminated in
the central computer suite or data
communications equipment room
and not in the frame room. The
space required for data communications cable termination depends
on the choice of media and type of
network and varies a great deal.

GUIDELINES
A frame room should be at least
2 m deep and 2 m wide.

The frame room should be sized
to accommodate 170 mm width
of single-sided frame or 85 mm
width of double-sided frame for
each 100 m? of NLA.

Allocation of space for computer suites

A computer suite is a set of rooms
accommodating one or more

Meeting rooms

computers, their ancillary

equipment, and supervisory staff. It
communications equipment. A

computer suite may be located in a
purpose-built building, called a

°

computer centre, or within an
ordinary office building. Computer
centres may accommodate staff
other than operations staff, most
commonly those engaged in systems

°
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Plan showing a
possible layout for

the computer suite in

typical office
building
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Current situation

In the past, computers have often
been installed in purpose-built
computer centres. Because these
centres have been in out-of-town
areas, they have been economical to
build and run. Developers have not

therefore included any space in

office buildings suitable for the
construction of computer suites. The
majority of today s computer applications require relatively modest
data communications capacity
between the central computersite
and the users terminals.
Future requirements
In the future, new applications,
such as those involving document
images, will require much higher
communications bandwidths than is
the case today. The cost of highspeed data communications over
long distances may then force users
to locate at least part of their

computer facilities within 1 or 2 km

of the users. Because the future
requirements for computer suites in
office buildings cannot be estimated
reliably, the design team should
provide, at a minimum, the space to
accommodate a computer suite large
enough to service the staff in that
building. At least 10 per cent of the
area of the building should be set
aside for this purpose. It will
require:
A slab-to-slab height of at least

3.5 m, and preferably 4.5 m. This
will be sufficient for an access
floor of 300-600 mm and will
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provide sufficient clearance for
the computers.

Adequate capacity for power and
data cables and other building
services between the allocated
space and theservice cores.
A heavy goods access route (for

deliveries). The route should be

large and strong enough to take a
mainframe central complex, an
air-handling unit, or an uninterruptible power supply (UPS)

module, and ideally, should not

be essential to normal office
work.

Space for associated plant rooms.

Modern office buildings usually have
a storey height of about 4 m. Thisis

sufficient for the installation of a

computer suite. The space should be
protected from environmental
hazards, especially floods. It should
not be adjacent to heavy machinery
or stores of inflammable or noxious

gas. Somelocations pose specific
threats:

Near lobby
sabotage.

vandalism,

Basement
flooding (the
flooding risk depends on the
level of the water table, which is

higher, for instance, near rivers).

Top floor

air crash, fire.

For these reasons, a good location is
between, say, the second and

middle floor of a tower block. On a

campus, the computer suite should
be fairly central to the whole site to
reduce cabling costs.

At least 10 per cent of the net

lettable area (NLA) should be
usable as a computer suite.

There should be an access route
at least 2 m wide from the loading bay. Anylift on this route
should be of at least 1,200 kg
capacity and should measure at
least 2 m by 3 m.

Communicationsrisers (1) Location
e

A communications riser is a space

connecting the floors, in which
communications cables can be
installed.

Figure 4.19

A typical office

building showing
positions of risers
More than one
communications riser
will be required in
larger buildings.

Atrium

VS

Current situation

Older buildings generally have risers
for water (fire sprinklers, waste,

and drinking water), and power, but

often do not have separate risers for
communications. Communications

cables have to be installed in

existing risers, usually the electrical
risers. Modern buildings usually
have moreriser space, but even
buildings being completed today do

not always have enough.
Future requirements

Communications cables need

separate risers, which should be
located in the landlord's space. It is
usually convenient to serve each
closet on a floor from a separate
riser, so the locations of risers and
closets depend on one another and
should be planned together. (The
planning of telecommunications
closets is dealt with on

pages 4.13 and 4.14.)

Risers are usually located, together

with lifts and emergencystairs, in
service cores. The regulations
concerning the maximum distance
between emergencystairs will
usually result in enough service
cores to provide the numberof
risers needed.
Communications and power, and
sometimes cooling water andair,

will have to be distributed to the

floors from their respective risers
and/or plant rooms. Because the
secondary distribution spaces are
likely to be limited, it is helpful to
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keep these risers and plant rooms
separate and, in particular, to keep
communications risers away from

GUIDELINES

munications services may be brought

water, air, or power.

risers of other kinds. Since telecominto the building in a numberof
places, cable routes should be

planned from therisers to each of
the cable entries and to any site
reserved for terrestrial microwave
or satellite antennae.

Even whenstructured cabling
systems are in use, it will sometimes
be necessary to install additional
cables. It should be possible to do
this without disrupting the normal
work of the organisation. This may
be achieved conveniently either by

providing access to risers from

landings or primary circulation areas

(but taking care that the doors do

not interfere with escape routes), or
by making the riser large enough to
accommodate workmen.

Communications risers should
not be combined with those for

Communicationsrisers should be
located away from otherrisers

and plant rooms.

Theriser locations should not be
decided until the locations of
wiring closets and highly
serviced zones have been
decided.
Risers or other communications
ducts should connect to the
places intended for microwave
and satellite antennae.

Risers should be accessible
without disturbing normal work.

wa

ww

Communications risers (2) Size for voice and network services

ole size of a riser is the area in
which cables may be run between
floors.

Figure 4.20
A crowded riser

Figure 4.21

A typical
communications riser
The smallest
communications riser
allows space for, and
accessto, one
300 mm-wide cable
tray and an
intermediate
distribution frame for
voice cables.

Intermediate
distribution frame

Cable tray

0.5m

1.2m

Current situation

Older buildings generally have risers

that are too small. Modern buildings
usually fare better, although some
recently completed buildings in the
City of London have insufficient
riser space for the many cables
needed for the specialised
information services used in the

financial markets.

In a modern office building, the
risers will need to take cables for
telephony, terminal support, local
area networks (LANs), and buildingmanagement systems, and possibly
an intercom, paging system,
television, and security system,
amongst others. Separate telephony

cables may be neededfor British

SOS

information screens at their
desks, each desk may need as

many as 18 cables.)

With today s technology, dealing
rooms need much more riser space
than otheroffices.
Future requirements

Most buildings are sub-let, or

become multitenanted, at some
stage in their lives. The space will
not necessarily be divided in ways
that are convenient for cabling. The

risers should therefore be sized on
the basis that they may have to

serve up to 75 per cent of the space
to the next riser rather than the
half that might be assumed.

Communications Ltd (MCL)services,

Experience shows that the number
of telephones, both PABX
extensions and direct lines, rarely

needed.

staff. Although most telephones are
supported on single pairs of wires,

Telecom (BT) services, Mercury

and PABX extensions. Several
different sorts of data cable may be

The dealing roomsof financial

institutions present an extreme case
because staff are usually packed
tightly into the available space, and
they often require additional
specialised services, such as:
A numberof direct telephone
lines to other dealers.
Hoot n holler
intercom system.

a type of

Financial market information
services. (These services are
generally run over coaxial cables
and, since someare in colour and
many dealers have several
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exceeds 1.5 times the numberof

this will not be sufficient for some

future telephony systems(including
some uses of ISDN), and space for
twopairs percircuit should be

provided. A space of 4 mm?is

sufficient for a twisted pair in a
high pair-count cable, so that the
riser space needed to accommodate
these services is 12 mm? per person.
Given that the staffing density
might rise to one person per 6 m? in
somecases, this is also the space

required for each 6 m? of net
lettable area (NLA).

Every buildingis likely to need
recabling every 10-20 years, and it

oe ww

i

|

Ss

|

ae

is desirable to be able to do this
without disrupting the existing
cabling. The riser should therefore
provide as muchspace again, in
order to accommodate the
replacement cabling system. The
space requirement is therefore

24 mm

per 6 m? of NLA. A 50 per

cent reserve is prudent for
unforeseen developments.

The overall requirement for voice
and network cabling is therefore

36 mm? per 6 m? of NLA. It is

sometimes more convenient to
express this as 15 mm of tray width
per 100 m? of NLA. This approach is
quite conservative as it ignores:

Thelikelihood that future PABXs
will concentrate many telephone
calls onto a single, probably
optical-fibre, cable. (A few
modern PABXs already work this
way.)

Theintegration of PABX and
networkservice wiring. The

Office of Telecommunications
(OFTEL)is currently reviewing
the regulations that prevent this.

GUIDELINES
Risers should be sized to allow
for the possible division of the

floor space for sub-letting.

A communications riser should
provide 600 mm? of area for
each 100 m? of NLA that it
might need to serve for voice

and network services.

A communications riser should
provide 15 mm oftray width for

each 100 m? of NLA that might

be served for voice and network
services.

Communications risers (3) Size for non-voice communications

non-voice cables as a

function of building

area served

f
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Usable tray width for

non-voice cables (mm?)
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Figure 4.24
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Usable tray width for
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Current situation

In manybuildings, risers have
become congested owing to the
proliferation of cables dedicated to
particular IT services. As explained
in Chapter 2, offices of all kinds will
experience the migration to LAN-

supported intelligent workstations,
and the integration of building

services.

Financial institutions will also be

affected by the migration of video
services onto digital LANs; they are
also beginning to investigate the use
of optical fibre to reduce their space
requirements.
Future requirements

In principle, the trends in network
technology should lead to a

reduction in the requirements for
cabling, and therefore for riser
space. In practice, three factors are
having an influence in the opposite

direction:

It is generally troublesome to
remove cables when they are no
longer needed and the cables for
structured cabling schemes are
deliberately retained for future
use. The cables for the new
LANs may therefore be
additional to any cables needed
previously.
Future network technologies
may, in practice, require more

space than now seems
reasonable.

There are alwayslikely to be
some individual staff and groups

© Butler Cox pic 1989

whorequire particular

information services with unusual
requirements.

In the future, therefore, the risers

should be sufficiently large to

accept all the cables envisaged

initially, plus the largest system that
can reasonably be foreseen.

In a small building, the riser space
required is greatest if optical fibres
are installed in a star topology from
a central frame room or computer
suite to each work location. The
further advantage of this approach
is that it makes few assumptions
about the services that each user
will require. The fibres can be used
for data communications at a
variety of speeds and under a
variety of protocols, or television, or
speech.
Because every office worker is
likely to need an intelligent
workstation,it is prudent to provide
enough space to run a dedicated
cable to each one. The size of the
largest cable in common useis

80 mm , to which we add 40 mm?

for a replacement system, and
40 mm? for reserve. The total
requirement is therefore 160 mm?

for each 6 m? of NLA. This is more

conveniently stated as 67 mm of
tray width per 100 m? of NLA.

This is a reasonably generous
approach (except where large
numbers of financial traders have to
be accommodated), because many
data circuits can be concentrated

onto a single cable. A further

300 mm ofriser tray should be
allowed as a general provision for

services such as television,
broadband networks, and leaky
feeders for pagers.

To ensure that the space provided

remains adequate, and is not used
up by inefficient technologies, cable
management must continue to be

effective after occupation. This is
discussed further in Chapter 8.

GUIDELINES
A communications riser should

provide space for 2,700 mm? of
non-voice cables for every

100 m? of NLA that might be
served by the riser. This will
require 67 mm of cable tray

width for every 100 m? of NLA.

The riser should provide an
additional 300 mm width of tray
for other services.

NB:

(1) These guidelines should not
be used for buildings of more
than 10 storeys. These
buildings require detailed

study by the design team.

(2) Extensions of the riser ducts
to cable entries and microwave antennae may be much
smaller than indicated above.

Communicationsrisers (4) Construction

The usual practice in the United

Figure 4.26

Kingdom todayis to build risers as
open shafts whose floors are filled
in later. SlotsES are left in the floor
tues
for the vertical cable trays and

Detail
of sleeve
and
:
5

fire stopping
sleavesicast
Gable
in situ provide a
convenient

arrangementfor fire

cables.

Cable tray
Figure 4.25
Section of floor
penetrations in a riser

\

Telephone patch
frame

barriers between

floors

of

shaft

Sleeve fire-stopped

Cables may be routed
through sleeved holes
in the floor slab,

with intumescent putty

Sleeved holes

we

Current situation
An alternative to the British

approach, commonin the United
States, is to leave fairly small holes,
typically 100 or 150 mm diameter,

between wiring closets, and to
install ceramic sleeves. These are
firestopped and broughtinto use

only when needed. The advantages

are that:

Thereis no risk of workmen
falling.
They are easy to firestop.

They keep cable bundles inline.
They provide a framework for

space management.

Future requirements
Most buildings are sub-let or become

multilet at some stage in theirlives.

These situations create problems
that the design team should address:

Telecommunications access: Each

occupantis likely to require his own
BT and/or MCL access cables. To
prevent one occupant depending on
the favour of another, the landlord
should provide ducts for public
network cables, both copper and
fibre.

Frame rooms: Occupants will need
to establish frame rooms, probably
in their own space.

Connections between floors: If an
occupant has multiple floors that are
not contiguous, these will need to
be linked through secure riser space.
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GUIDELINES
Communications risers should be
continuous vertical shafts,
whereverpossible.

The minimumsize for a
communications riser should be
1,200 mm wide by 500 mm
deep.

The space for cables between
risers, wiring closets, and

secondary distribution space
should be defined in the brief to
the builder.

A numberof sleeved holes,
rather than open shafts, should

be used.

To allow the building to be let
to multiple occupants, or to be
sub-let, there should be
provision for individual security
of an occupant s riser space.

Telecommunications closets (1) Planning

A telecommunications closet is a

room in which the backbone

network is connected to the

horizontal distribution.

Figure 4.27
A riser cupboard with

Vertical cables on

Cable patching room

Figure 4.28

an adjacent cable

patching room

Data-cable patch
frame

Telephone patch

Riser cupboard

frame

Cable route from riser /

a

A typical wiring closet
A wiring closet should
provide space for
voice and data
patching frames.

cable trays

Telephone patch
frame

Data-cable patch
frame

Current situation
Riser cupboards were introduced in
the United Kingdom to accommodate the patch frames in telephone
block-wiring schemes. They were
originally small and unserviced, as

shownin Figure 4.21 on page 4.10.

The requirements for riser cupboards have gradually increased to
accommodate data communications
cables, patching frames, and
electronics. Structured data-cabling

schemes have been based on larger

components. This has increased the
pressure on space in riser cupboards, requiring them to be
supplemented by separate cable
patching rooms or to be sub-

stantially increased in size. To mark
this change, the term

has been introduced.

wiring closet

The moveto higher signalling speeds
and the introduction of local area
networks (LANs) has required the

installation of active electronics on

the same floor as the workstations.
In some environments, this trend
has converged with the development of departmental computing,
based on small machine roomsin
office areas. Reflecting the further
increase in size, and especially the
new need for power and cooling,
these rooms have beencalled
satellite equipment rooms .

It is helpful to distinguish between
these varieties of communications
and computer rooms. In practice,
the size and level of servicing
increases, from a riser cupboard at
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one end of the spectrum to a
departmental computer room at the
other.
Thereis still considerable variation

between buildings in the approaches
taken to telecommunicationsclosets.
Most current designs, however,
leave little opportunity for changes

to be made overthe life of the

building.

Future developments
The trend from small riser
cupboards through wiring closets to
even larger departmental computer
rooms may continue, but this may

not occur because:

Onceevery worker has an
intelligent workstation with a
network connection, there is only
limited scope for expansion in
the numberof connections.

Some computer users have
recognised the high direct costs

and opportunity costs of
departmental computer rooms, so
have centralised the
departmental computers and
reclaimed the computer-room
space for office use.

The building design team must
accept that the balance between
centralised and distributed
processing is unstable and may
swing either way, probably during
the life of the first fit-out, and
certainly during the life of the
building. Therefore, they should
provide modest telecommunications

~~!

a'

ii

i

closets
either a riser cupboard
with adjacent space for a cable
patching room, or a wiring closet.
These options are shownin
Figures 4.27 and 4.28 respectively.

It is desirable to provide a clear

demarcation between passive
structural space and serviced space
intended for active electronics, in
order:

To reduce the risk of fires
spreading between floors through
therisers.

To keep heat, ventilation, and air
conditioning out of the risers.

To encourage clear demarcation
of management responsibilities.

Designs should be flexible enough
for the telecommunications closets
to be expanded, either duringfit-out
or subsequently, to form satellite
equipment rooms or departmental
computer rooms. The areas
designated for satellite equipment
rooms should fall within a heavily
serviced zone.

Telecommunications closets (2) Location

Figure 4.30

Figure 4.29

Plans showing areas
of the model building
that can be served
from a wiring closet

Floor area that can
be served from one
telecommunications
closet
The shaded area
represents the
maximum possible
area served by a
closet in one quadrant.
In practice, placement

Limits of the space
served from Riser if
the floor is divided
asymmetrically for
sub-letting.
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The most basic limitation on the

positioning of telecommunications

closets is the need to keep the

lengths of cables within the limits
set by the structured cabling scheme

that will ultimately be used. Since

that schemeis unlikely to be known
whenthe building is designed, the
limit given in the emerging
Electronic Industries Association
(EIA) standard (90 m), should be
used. This distance is sufficient for
most uses of the main proprietary
cabling schemes.
Four factors combine to reduce the
office area that can be served from
a single closet below that of a circle
of 90 m radius. They are:
Theuse of street and avenue
horizontal cable routes.

The need to route cables around
obstacles such as service cores.

The need to avoid congestion in
the areas where the cables
approach and enterthe closets.
These areas are often densely
packed with other services as
well.
The need to allow somecable
length at the patch panel, and
sometimes, from the service
space to the presentation.

The area that can be servedis
further reduced when the shape of
the building is considered. This
often leads to the location of a
telecommunications closet near a
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corner of the space to be served, as
shownin Figure 4.29.

GUIDELINE

In practice, it is quite difficult to
serve areas of more than 1,000 m?
(lettable) space from a single closet:

a single occupant, there should
be at least one telecommuni-

to support a larger area from a

To provide resilience, there

an area of 500 m?is a better
guideline. If the design team wishes
single closet, it should ensure that
all services can be satisfactorily
distributed. This may involve

increasing the floor void depth from
120 mm to 150 or 200 mm (see also
page 6.08).
Reference
Building standards for telecommunications media and systems.

EIA PN 2072 (CSA T530).

Washington DC: Electronic
Industries Association.

Even if the space is occupied by

cations closet for each
1,000 m? (preferably 500 m?) of
NLA.
should be at least two telecommunications closets on every
floor of more than 1,000 m?.

Telecommunications closets (3) Size

Figure 4.31

A typical voice and
data-cable patching
room layout

Some types of data-

cable termination and
patching frames
require front and
occasional rear
access.

Figure 4.32
A technician working
in a closet
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Different minimum sizes are
appropriate for the various kinds of
telecommunications closet described
above. A riser cupboard should be
large enough to contain telephone

patch panels or similar, but need
not be large enough to workin.Its
minimum size is therefore the
minimum size for a riser.

A wiring closet or cable patching
room to serve 500 m? of net lettable
area should be large enough to
contain two racks of patching for
the largest structured data-cabling

system in common use, plus a

limited amount of electronics, such
as multistation access units for a

token ring LAN (as shown in
Figure 4.31).
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GUIDELINE

The minimum size for a riser
cupboard should be 0.5 m deep

by 1.2 m wide.

The minimumsize for a cable

patching room or wiring closet
should be 2.2 m deep by
2m wide.

A cable patching room to serve
1,000 m? should be 2.6 m deep

by 2 m wide.

Telecommunications closets (4) Construction

Figure 4.33
Building cross-section
showing the

Figure 4.34
Building cross-section
showing the
telecommunications
closet as part of each
floor

telecommunications
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As discussed above, the design team

should provide either riser cupboards or wiring closets. The use of
riser cupboards minimises the size of
the riser but constrains the occupier
either to devise a very compact
cabling scheme, or to create a

patching room. In thelatter case,

the design team should provide a
knock-out panel through which a

cable route between the two can be
constructed.

Sufficient space should be provided
to connect cable ways within the
closet to those provided for
secondary distribution (which is

discussed on page 6.07) for the

highest density of presentation and

the largest numberof cables per

presentation that may be needed.

The design team should also decide
on its approach to fire protection. It
must regard the closet either as part
of the riser, or as part of the floor.

The latter is generally preferable

since fire safety is maintained even
when someoneis working in the
closet with the door open. In either
case, the design team must take
steps to ensure that fire seals are
established and maintained.
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GUIDELINES
Telecommunications closets

should be protected by full-

height fire walls of two-hour
rating if they are part of the
riser system.

They should have waterproof

ceilings.

They should have no windows.
The ceiling should be at least

2.5 m high.

Doorways should be at least 1 m
wide and 2 m high.

It should be possible to gain
access without disrupting normal

office work.

The cable entry to the

horizontal distribution should

have an area at least 110 mm?
for each 1 m of NLA.

a
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Chapter 5

Provision of services

ae technology equipment
in buildings requires not only space
for computer and cabling
installation, but also an adequate
level of electric power that is secure
against voltage fluctuations,

protection against electric
interference, proper earthing,

facilities for cooling, and protection
from unauthorised access.

Telecommunications
closets.

Telecommunications
closets

Figure 5.1
Section of a typical
office building
showing the space

Electrical switch room

allocated to services
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Computer room power(1) Initial supplies

Computer room power(2) Ultimate level of provision
Small-powerplanning (1) Initial supplies
Rie Nicounevan) Ol late coerneat a
Powersupply (1) Security of supply
Powersupply(2) Controlling electrical interference
thing

Byte)

External earths andlightning conductors

Heating, ventilation, and air conditioning (1) IT heat
Heating, ventilation, and air conditioning (2) Local control
Building control cabling
Voice and data cabling
Security
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Computer

A computer room is a specialised
room in which larger computers
(knownvariously as supercomputers, mainframes,
superminicomputers, and so on) are
housed. It requires a physical

environment that is controlled for
temperature, humidity, and dust

content. Both the computer room
itself and its air-conditioning system

require considerable amounts of
power.

Figure 5.2
Typical power flow
for a mainframe
computer
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Current situation
In manyoffice buildings, the

computer suite is a major consumer
of powerand source of heat.
Moreover, both the size of computer
rooms and the power consumption
of computers have tended to
increase. The growth of
telecommunications networks has
increased the availability required
from computer systems and their

powersupplies, and has led to the
increasing provision of back-up
facilities, such as standby diesel
generators, uninterruptible power
supplies (UPSs), and reserve

computer centres.

Initial requirements
Those aspects of the power supply
and cooling systems that are
expensive to provide and not very
difficult to expand should be
provided at the level needed for the
first five years of occupation. These
include standby generators, UPS
units, and cooling system
components such as fan coil units.
Other elements should be sized for

the largest load that the building is
expected to need, the computerroom contribution to which is
discussed overleaf.

Theinitial level of power required
can usually be defined by the
occupant (who knowsthe intended
use of the building). This will
include allowance for any computer
rooms. The power supply and
cooling load should be estimated on
the basis of the allocated floor area
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rather than on the equipment that is
expected to be installed initially.
The IT equipmentactually installed
on occupation is usually different
from that planned, andit will

certainly change repeatedly during
the life of the computer suite.

Reference
Halper, Robert F. Computer data
center design: a guide for planning,

designing, constructing and

operating computer data centers.
New York: John Wiley, 1985.
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GUIDELINE
The initial computer room

power demand should be

estimated by the occupant. In
the absence of more precise

data, the following guidelines
may be used:
The computer room

occupies half of the space
of a computersuite.

Large computer rooms(for

mainframes) require
600 W/m .

Small computer rooms (for
minicomputers) require up

to 500 W/m?.

Satellite equipment rooms

(for communications
equipment) require
300 W/m .

The power budget for the
ancillary areas of the

computer suite should be
the same as for other

offices.

Powerwill be needed to

cool the computer room.
Cooling systems typically

require one kilowatt of

electrical power to remove
three kilowatts of heat.

Computer room power(2) Ultimate level of provision

To allow for the possibility that

Figure 5.5
A hypothetical graph
showing the growth
of IT power and
cooling demand over
the life of an office
building
The combination of
growth in computer
room size and growth
in power density can
lead to a dramatic rise

powerneeds will increase over the
life of the building, as is shown in

Figure 5.5, the designer should
provide space in which additional
powersupply equipment (such as

standby generators and UPS

equipment) can be installed. This
space need not be committed for the
purpose at the outset. Subject to

planning permission, it might be

in total power (and

used for car parking until needed.

cooling) demand.
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Future requirements
The use of mainframes, departmental computers, terminals, and
intelligent workstations will
continue to increase and, as
organisations become more

major upgrades can beinstalled
without disrupting normal
operations. Thus, the smallest
building to which these rules can be
applied is one of about 6,000 m2.

will be increasingly intolerant of any
loss of service. Within 10 years, a
high proportion of staff in many
organisations will be unable to do
their work unless the computers are
operating. It is therefore essential to
provide space in every reasonably
large office building in which
additional generators, power
supplies, and switchgear can be
installed to meet the future power
needs of computer suites. There is
also a trend, for which some
allowance should be made, towards
increasing powerdensities.

computer rooms, but these will
probably contain minicomputers
rather than mainframes. They
should be planned on the
assumption that 8 per cent of the
space will be used as departmental

dependent on their computers, they

A reasonable space allocation for a

computer suite is 10 per cent of the
office space, of which half will be

the computer room and half
ancillary areas, such as the control
bridge and media stores. Large
buildings may need rooms for
departmental computers as well as
central computer suites. A further
3 per cent of space should be
assumed to be used as minicomputer

rooms.

The practical minimum size for a
satisfactory mainframe computer.
room is about 300 m?. This includes
space for communications equipment and for two complete
mainframe configurations, so that

© Butler Cox ple 1989

Smaller buildings maystill need

computer rooms.

For ultimate capacity planning
purposes, it is good practice to
assume that:

The powerallocation for a
mainframe computer room should

be 750 W/m?

The powerallocation for the
ancillary areas should be the
same as for ordinary office space.

(This is discussed on page 5.05.)
The powerallocation for a
departmental computer room

should be 500 W/m .

Powerwill be needed to cool the
computer room. Cooling systems
typically require one kilowatt of
electrical power to remove three
kilowatts of heat.

UPSs will be neededforall the
IT equipment.

Standby diesel generators will be
needed for the IT equipment, the
lighting, and the cooling system.
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GUIDELINE

Every large office building

should be planned on the basis
that it may have to include a
computer suite at some point in

its life.

The maximum powerrequire-

ment should be calculated as
follows:

For buildings up to 4,000 m?,

allow for a computer room

with a floor area of 8 per
cent of the NLA and a power
rating of 500 W/m .

Forlarger buildings over
4,000 m?, again allow for a
computer room with a floor
area of 8 per cent of the NLA,
but in this case the power
rating should be 750 W/m? for
5 per cent of the building
NLA and 500 W/m? for 3 per
cent of the building NLA.

The planning should take into.

account the guidelines given on
page 5.06 for standby-generator
and UPSprovision.

This power requirement should

be used to determine the
computer-room component of

the Electricity Board supply, the
main supply cables, the space
for power and cooling

equipment, and thesize of
chilled water pipes.
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Small-powerplanning (1) Initial supplies

The powersupply to equipment in

offices is generally knownas small
power (sometimes as office
power ).

Figure 5.6
Increase in smallpower requirements

Figure 5.7

Small-power demand
today
A high penetration of
PCs in city-centre
office leads to a
relatively high small-

for IT equipmentin
offices
Small-power demand
is growing rapidly
because of the
increasing penetration
of IT equipment, and
the change from
dumb terminals to
intelligent, networked
workstations.

power demand,

especially if space per
personis low.

Small power
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Current situation
The power requirements of a

building include small power, and

the power neededforlifts, lights,
and kitchen equipment. Until
perhaps 10 years ago, small power
was a minor element of the total
requirement (see Figure 5.6). As IT
equipment has spread into offices,
however, small-power demand has
grownsubstantially and has become

a significant part of the total power
requirement in non-air-conditioned
buildings. Figure 5.7 shows a range
of practical cases, based on our
research.
Planning for a new building

In estimating the initial small-power
demand for a new building, it is
reasonable for the occupant to
extrapolate from his existing usage.
In doing so, he should take account
of the main trends and uncertainties, discussed in Chapter 2
and the Appendix.

In the past, some occupants have
greatly over-estimated their initial
powerrequirements, basing them on
the nominal power demand of their

IT equipment(sometimes called the

nameplate load ). The actual power
demand of an IT device, such as a
terminal for a personal computer

(PC), is often one third or less of the

nominal demand. Planners should

base their estimates on the
measured average power demands
of the equipment to be used, and
should neverrely on the nominal
loads.

© Butler Cox ple 1989

OC

Doe

The speculative building developer

will generally have identified one or

more commercial sectors as the
likely market for a building. In
deciding on the level of initial small

power, he should consider the
characteristics of that sector,

especially the staff density, and the
nature and penetration of
workstations.
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GUIDELINES
To define their initial power

requirements for a new building,
occupants should:
Extrapolate from existing

usage, taking current
trends into account.

Rely on the measured, not
nominal, power demand of

the equipment they intend
to use.

Small-powerplanning (2) Ultimate capacity

The increased use of IT systems in
offices will lead to higherlevels of
small-power demand in the future.

Figure 5.8
Ultimate small-power

demand

Ultimate small-power
demand is difficult to
predict. Assumptions must
be made about minimum
net lettable area per
person, diversity, and
powerper workstation,

since the table shows,
these affect power

requirements,
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The future requirements for small
power dependprincipally on five

factors:

Staffing density.

Penetration of workstations.

Use of workstations.

Power consumption by
workstations.

The numberof shared machines.
Staffing density

In Chapter 2 (page 2.04), we

concluded that, for a single office
floor, there was unlikely to be more
than one person per 8 m? of net
lettable area (NLA). In general,

buildings in cities have higher

densities that those in the
countryside, and there can be even
higher densities on financial trading
floors (where there is also a high IT
penetration) and in some specialised
clerical functions (such as telesales).
A complete building will include

areas such as meeting rooms,

restaurants, and storerooms, which
are not occupied continuously. The
effective staffing density for a
building is therefore typically 25 per
cent lower than that for a single
floor
thus, no higher than one
person per 10 m? of NLA.
Penetration of workstations
As discussed in Chapter 2, the

penetration of workstations is

increasing rapidly andis likely to
approach 100 per cent in most
organisations in five years. During
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FTGtee
the same period, there will be a

marked move towardsintelligent
workstations. The move from dumb
to intelligent workstations implies a
substantial increase in power

demand. Today s PC consumes

eo

Y

Power consumption by
workstations

During the first decade of the

existence of the PC, electric power
demand first rose and then fell,

despite a 100-fold increase in its

about twice as muchelectric power

storage and processing capability

engineering workstation may
consumefour times as much.

predict the power demandof future
workstations with any confidence,
because improved technology will
tend to reduce it, while increased
demandsfor processing power and
high-resolution colour graphics will
tend to increase it. However, the
power demand per workstation is
unlikely to rise much aboveits
present level of 300 W, and it may
well fall.

as a dumbterminal: a powerful
Use of workstations

Today s PCs are used in a rather
different way from dumbterminals.
While the typical dumb terminalis
used by a clerk for a single
application or a group of closely
related applications, most PCs are
used for a range of applications,
often by professional staff. Thus,

terminals are generally left running
the whole day, while PCs are turned
on only when needed. This has led
to a reduction in actual demand for
power, relative to the sum of the
power demands of the individual

machines. This reduction factor is
termed the

diversity

factor.

In the future, the intelligent
workstation will combine the
functions of the terminal and the
PC. It will provide both local
processing and access to information
and systems residing on other
machines. As their dependence on
computer systems increases, users
tend to leave their workstations
running continuously. Taking into
account the occasional absence of
people from their offices, the
diversity factor will therefore
approach 0.9.

(see Figure A.4). It is impossible to

The number of shared machines
For powerplanning, the most
significant shared machine in
today s office is the photocopier.
The power consumption of a large

office photocopier is about 1.5 kW.

Theincreasing use of IT, and
especially of document image processing, will reduce the requirement
for paper copies and cause the
replacement of copiers by printers.
At the same time, however, the
trend to intelligent workstations will
increase the demand for power
because they need sharedfacilities
such as printers, communications
gateways, andfile stores.

These shared facilities usually run
continuously, at least during the
working day. The power consumption of shared file and print

(ew
servers depends on the workstations
they support. The powerload due to
these devices is typically about
20 per cent of that due to workstations.

Total demand for IT small power
Figure 5.8 showsthat a wide variety
of workstation power requirements
can be calculated. Therefore, except

for buildings constructed especially

for financial trading in city centres,

the ultimate demand for small power
should be taken to be 40 W/m? of
NLA. This figure should be used to
size the power supply components
on each floor.

For a whole building, or for a group
of floors that includes meeting rooms,
the ultimate demand for small power

should be taken as 30 W/m? of NLA.

The figure should be used in sizing
the Electricity Board s supply to the
building, the main cables and
vertical busbars, and the main
HVACsystems.

GUIDELINES
Designers should provide small
powerfor IT at the following
levels in new buildings:
Fora single floor:

40 W/m? of NLA.

For several floors or a whole

building: 30 W/m? of NLA.
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Power supply (1) Security of supply

Tine public electricity supply in
most of Britain is of high quality

and veryreliable. The voltage and

frequency are closely controlled,
and typically only one or two supply
failures occur in a year. Other
disturbances, such as spikes due to
switching in the supply authority s
network, are much more frequent in
some areas, IT systems are
vulnerable to these disturbances.

5.06

Figure 5.9
A typical UPS
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Currentsituation
In larger buildings, the landlord

often provides a diesel generator for
emergency services such aslifts,
emergency lighting, fire detection,

and smoke extraction. However,
tenants will not usually be provided
with supplies that are protected

against failures and disturbances.

Some organisations regard these
infrequent disturbances as

acceptable, even for their

computers. Others have decided that
they must have their own standby
generating capacity to enable them
to operate during periods when the

mains supply is unavailable, and this
standbyis generally provided by

diesel generators. Diesel generators

take 30 to 90 secondsto start, run
up to speed, and deliver a stable
voltage that can be connected to the
main distribution board. Computers
served from them will therefore
stop, and complex recovery
procedures may be needed to
restore the files to a consistent
state.

To avoid this, battery-powered

UPSs, such as that depicted in

Figure 5.9, are available, which
completely eliminate any break in
the supply to the computers. Since
UPSs can provide power for many
minutes, they can be used to give
the operators time to conduct an
orderly shutdown of the computers.
They are more often used, especially
for applications suchasairline
reservations and financial trading, in
conjunction with diesel generators
to make the computer room wholly
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independent of the mains supply.
UPSunits also eliminate the effects

of disturbances other than complete
failures in the incoming supply, and
in the absenceof diesel generators,

are sometimesinstalled for this
purpose.

Neither standby power nor UPSis
generally provided for office areas
since most electrically powered

office equipment, lights, coffee
machines, and copiers, are not

damaged by a loss of power. The
increasing use of IT equipment has
altered this position somewhat, but
organisations usually take the view
that:
A loss of terminal function is
acceptable, provided that the
computers are protected.

Users of PCs must take periodic
back-ups of their work and
tolerate the effects of (rare)

powerdisturbances.

In most cases, PCs and computer
terminals in office areas can be
operated from the public supply
without taking any special
precautions. However,in certain
situations, such asairlinereservation offices and financial
trading rooms, standby supplies are
needed so that operations can

continue in the event of loss

of the public supply. If
continuous operation is required,
all building services, including
lighting and air conditioning, must
be considered.

Future requirements
The trend to distributed computer
systemsconsisting of minicomputers
or networked PCs, and the tendency
to use them for operational, rather

than decision-support applications,
increases the impact of a power

failure. There is therefore a growing

requirement for secure power

supplies to be available throughout

the building.

Theproliferation of local area
networks (LANs)is creating a need
for secure supplies to file servers
(which are used to store
departmental data). It is complicated
to restart these systems following
loss of power, and data maybelost.

In a building that has a standby

diesel generator and a batterybacked UPS, the simplest
arrangementis to site these
componentsin satellite equipment
rooms on each floor, which can be
fed with secure supplies and air
conditioning 24 hours per day.

Where there are no central secure

supplies, or where the file server
must be located in a workarea, selfcontained UPS units with integral
sealed batteries can be used for
each critical load. Typically, these
units provide 30 to 60 minutes of
power. This is long enough for staff
to save current workandinitiate an

orderly shutdown.

It is generally neither economical
nor operationally convenient to
provide supplies from standby
generators or central UPSs to a

small proportion of outlets in office
areas. A better approach is to

provide the required level of

standby powertoall the outlets on

a floor, or to a major part of a floor,

accepting the costs of the additional
generators and UPSs.

GUIDELINE

Where a standby diesel
generator or battery-backed UPS
is installed in a building, the
power supply that it secures

should be available in

telecommunications closets and
local equipment rooms to
support departmental computers

and file servers, and other
distributed network components.
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Powersupply (2) Controlling electrical interference

Sine electrical loads in buildings,
such aslift motors and air-

conditioning plants, can generate
voltage spikes and otherelectrical
noise. In turn, this can be
transmitted to IT equipment via the

Dedicated supplies to

desks

powercabling. As IT equipmentis

Figure 5.10
A typical cable layout
plan for a floor of an

often sensitive to this type of noise,
steps must be taken to controlit.
Some equipmentis also sensitive to
the radiation emitted from electrical
cabling.

office building

All desks require clean

supplies. Separate

circuits are necessary

for electrically noisy
loads such as
uplighters,

photocopiers, vending

machines, and

vacuumcleaners.

Floor boxes under

desk

Outlet on column

Separate supplies for

large photocopiers,

vacuum cleaners, and
so on

i

SEE

Providing clean power supplies
Good-quality IT equipment is quite

industrial plugs so that they cannot

powersupply. The 240 V ac supply
is transformed to 5 V or 12 V de
inside the equipment, where it feeds

Controlling radiated interference
SomeIT equipmentis susceptible to

tolerant of disturbances in the

a large bank of capacitors. They
smooth out disturbances and can
ride through millisecond
interruptions.

In existing buildings, particularly
sensitive IT systems may be

protected by their own power

conditioners. In some new buildings,
desks are provided with their own
clean supplies of power. This adds
to the cost and makes subsequent

equipment movestroublesome and

expensive, because power supplies
must be moved with the IT

equipment. Relocation problems of

this sort may be eliminated by
providing a clean supply to every
desk. Some designers have provided
each desk with both clean and dirty
supplies, using two separate power
distribution systems. This approach
adds yet more significantly to the
installation cost.

Because every desk in a building is
likely to support IT equipment, it is
far less expensive to keep all desk
supplies relatively clean by
excluding dirty loads, and to provide

separate supplies for the relatively

few dirty loads such as large
photocopiers and vacuum cleaners.
This arrangementis shown in
Figure 5.10. It may be appropriate
to fit vacuum cleaners with special
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Set

be plugged into the desk outlets.

radiation from power cabling. Power
cables that are run parallel to

communications cables may induce

currents in cables. Lighting circuits

in which the live and neutral

conductors are not run close and
parallel may cause distortion on
VDU screens. These problems should
be controlled by segregation,
screening, and good cabling
practices.
Powercables should be kept away
from voice and data cables, in their
own ducts, where possible.

GUIDELINES
Poweroutlets serving desk areas
should use standard 13-amp

sockets complying with BS 1363.

Live and neutral conductors
should be kept close together
throughout their lengths.

Where power cables are run

parallel to voice or data cables,
they should be segregated in

earthed metal trunking, or
sheathed with wire braid

armour that is bonded to earth.

Separate distribution circuits
should be provided to wall- or
column-mounted outlets for
electrically noisy loads, such as
large photocopiers and vacuum
cleaners.

5.08

Earthing

Ortice IT systems need to be
earthed for electrical safety, for
electromagnetic screening, and in
some cases, for signalling. Tenants
are often given conflicting advice

;
Powerdistribution unit

i
Rectifier

or distribution board

ABX
PAB:

power, telecommunications, and
computer-systems engineers, each of
whom has slightly different
perspective and sees an incomplete
picture. In fact, earthing of IT
equipmentis relatively
straightforward. Since electrical
safety must be the first priority, IT
equipment usually needs to be

PABX testjack frame

Earth bar

earthed in accordance with the

fon bar

To main customer

To main customer
earth bar

Institution of Electrical Engineers

(IEE) wiring regulations.

earth bar

Figure 5.12

Data-cable earthing

Central-processing
unit or front-end

other equipment rooms
Power distribution unit
or distribution board

processor

Some data-cabling
systems require a

dedicated earth
system.

Power distribution unit
or distribution board

Earth bar in power

distribution unit

Earth bar in power
distribution board

Protective earth in

power cable

To main customer

earth bar

Telephone systems
require a separate
functional earth.

about the earthing of IT systems by

Figure 5.11
Computer-system
earthing
Computer hall and

Figure 5.13
Telephone-system
Senin
:

Additional bonding of

cabinet required for
some computers

To main customer
earth bar

PABX functional earth

to each intermediate
distribution frame

i
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Requirements
Most equipment should have an

electrical safety earth. Desktop and

small office systems will be supplied
with a three-core powercable that
must be fitted with a three-pin plug
and connected to a standard outlet
socket that provides an earth
connection.
Some computer suppliers specify a
relatively noise-free ( clean ) earth
connection. However,it is difficult
to provide a completely segregated
clean earth system and this should
not be attempted. Instead, the
systems should be connected to the
main electrical earth in the building

using a dedicated 3-core, or for

three-phase equipment, 5-core
powercable, in compliance with the
IEE wiring regulations. This is
shownin Figure 5.11.

Some data communications cables

have a metallic screen surrounding
the signal-carrying conductors. The
purpose of the screen is to minimise
the pick-up of electrical noise, and
also, in some cases, to reduce the
radiation of radio-frequency data
signals from the cable. These cable
screens should be earthed, but the
earthing arrangements vary from
one system to another. Screened
cables must therefore be installed in
accordance with the system
supplier s instructions. Some cabling
systems work best if their earths are
independentof other earths in the
building, and a separate earth
system for cable screens, connected

ww
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to the main building earth at a
single point, should be installed as
shownin Figure 5.12.
An earth wire is required for

earth

recall signalling between telephone

instruments and a private automatic
branch exchange (PABX). PABX
installations have a separate earth

wire from the central equipment to

eachriser closet, which is connected
to every telephone. It is important
that this telephone system earth be
kept separate from theelectrical
safety earth throughout the
building, except at a single
connection point, which is usually at
the main distribution frame. This is

shownin Figure 5.13.

Reference
Regulations for electrical
installations. 15th edition.
Institution of Electrical Engineers,

1987.
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GUIDELINES
Separate earth-recall cabling for
PABXs should be installed in the
communicationsrisers.

A separate earth for data cable

screens should be installed in
the communications risers.

Large computerinstallations
that require a relatively clean

(noise-free) earth connection
should be connected to the main
electrical earth in the building
with a dedicated cable that is
part of the main electrical
distribution system.
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External earths and lightning conductors

The earthing of lightning conductors should be considered as part of
the overall building earthing

Figure 5.15
A typical external
lightning conductor
on an older building
Lightning conductors
should be routed well

scheme.

Figure 5.14
Electrical-equipmentroom earthing

away from voice- and

Building structure
used aslightning
conductor

data-cable risers.

Surge arrestorsfitted
where overhead
telecommunications
cables enter building

Earth rod
Cross-bonding

This is the most
important earth
connection

between lightning

earth rods and main
customer bar
Main building earth

Lightning earth rods

rods
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Earth rod immediately

below down
conductor
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Down conductor on

outside of building,

well away from
internal voice, data, or
electrical risers
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In Britain, with its generally high

soil conductivity, it is not necessary
to bury large quantities of copper in
the ground to achieve an adequate
electrical safety earth. The most
important connection is an earth
return path to the Electricity

Board s transformer. The worst

credible event is a flash-over in a
supply transformer from the 11 or
33 kV line to the transformercasing.

In this event, buried copper alone

will not prevent the building earth
system from rising to a potential of
several thousand volts, but a
reasonable earth return cable to the
supply authority s transformer
(shown in Figure 5.14) will limit the

rise to a few hundred volts. This

voltage rise will not harm the
occupants since the whole building
will be at one potential internally.
Lightning conductors are usually run

on the outside of buildings, as

shownin Figure 5.15. Sometimes
they are run within building risers.
Thelatter route is unsafe, since not
only may the lightning arc onto
other internal cables, but the
magnetic field produced by the
lightning current will induce
currents in other cables, which may
cause damage. The British Standard
on lightning conductors requires all
conductors and earths to be bonded
together. Unfortunately, this is
likely to lead, in the event of a
lightning strike, to very high
voltages reaching IT equipment via
its earth.
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There is a risk of lightning striking
communications cables outside the

buildings, whether over- or
underground, if they fall outside the
protective zone provided by

lightning conductors.
Reference

Code of practice for protection of
structures against lightning.

BS 6651. London: British Standards
Institution, 1985.
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Wherelightning conductors are
run outside the building, they

should be at least 2 m from
internal voice, data, or electrical
risers.
Any outside communications

cable, including a buried cable
that runs outside the protective
zone provided by lightning
conductors, should be fitted
with a surge arrester.

Heating, ventilation, and air conditioning (1) IT heat

Hesane ventilation, and air
conditioning (HVAC) systems are
installed in office buildings to
provide an acceptable working

f Heat gain

environment. IT equipment places

additional demands on the HVAC

W/m?

system, mainly in the requirement

to remove excess heat, but also in
the need to avoid extremes of low
humidity which canlead to static

120

build-up.

In city centres, where it can be
noisy and dusty, it is common
practice to install sealed glazing and

a full variable air volume (VAV)

HVAC system with perimeter

heating. Out of town, where noise

levels are often lower and opening
windows are practical, partial HVAC
systems provide comfort cooling .
Waste
heat

Office without
solar shading

140 -

100

Figure 5.16
Energy flows and air
circulation in an office
environment
Removal of excess
heatis one of the
major functions of an
HVAC system in a
modern office
building
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Figure 5.17

Heatgains in two

typical office
buildings in Europe
Heat from IT and
office equipment is
only a part of the
excess heatto be
removed.
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Current situation
In older buildings, only heating was
provided, and this was most
commonly achieved by circulating
hot water through radiators. Fresh

air was provided simply by opening
windows. Morerecently, the
emphasis has switched from heating

to cooling, because of the use of
large sealed windows, and the
installation of increasing amounts of
IT equipment. So far, the solar gains
have been moresignificant, but as
shownin Figure 5.17, the heat gain
can be reduced by providing
external shading, in the form of
projecting sunshades, blinds, or
some more advanced technology

(the term intelligent skin is
sometimes used).

The deployment of IT systems has
already increased the heat gain by
as much as 10 W/m? in many

buildings. In the admittedly atypical
case of financial dealing rooms, the
heat gain may beas high as

75 W/m.

Future requirements
Occupants should demand high
adaptability in their HVAC systems.

The systems should be able to

provide satisfactory working
conditions even when the nature
and amount of IT equipment

changes. This adaptability can be

provided in a variety of ways. In a
chilled water system, the pipes may
be made larger than required
initially, at modest cost. Additional
heat loads may then be met by
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adding cooling units, as necessary. If

these heat loads are moved, the
units may be turned off, or even
relocated.
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References

Traffic noise and overheating in
offices. BRE 162. Watford: Building
Research Establishment, 1979.

Designers should consider two

CIBSE guide: design data: internal
heat gains. Volume A, Section A7.

IT heat dissipation: As discussed on
pages 5.04 and 5.05, the power
requirements, and therefore the
heat output, of office IT systems are
likely to increase progressively
towards a maximum several times
higher than today s levels. In many
offices, however, this increase will
not be a steady progression as the
balance between workstations and

Building Services Engineers, 1986.

factors, in particular:

central computers moves to and fro
(as discussed on page A.06).

IT systems are not the largest source
of heat within the office but they
may be the largest sources in

particular areas. IT systems will be
the most uncertain element since
other elements are functions of

location, building structure, and

lighting design, all of which are
knownduringfit-out.

Serviceability: As IT becomes more
vital to the normal functioning of
organisations, the cooling systems
also become morevital. It will
therefore be more and more
important to ensure that these do
not fail. HVAC systems should be
designed with some redundancy in
the primary plant and circulation
components,

London: Chartered Institution of
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The HVAC systems should cope
with the heat dissipation implied
by the power planning numbers.

The HVAC systems should be
able (possibly by physical

adjustment) to maintain
acceptable conditions following
any of the following equipment
moves(providing that the total
heat dissipation remains within
the design limit):
A1kW workstation in any

office of 6 m?.

A1kWprinter in any office

of 25 m? .

A 2kW photocopier or

similar machine in any office
of 100 m?.

The HVAC central plant should
be designed on a modular basis

to provide flexibility.

The HVAC systems should

include sufficient redundancy to

ensure that cooling for all the
computer-room and communications-closet equipment, and at
least 66 per cent of the office
equipment, can be restored
within 30 minutes following any
failure of a single HVAC

component.

&

be

environment within certain specified
limits, most usually of temperature,

fresh-air flow, and occasionally,
humidity. The HVAC system is
dynamically controlled in response

to measured or calculated conditions

in the building. In most office

buildings, the HVAC control zones
are too large; often, the HVAC is on
or off for the whole building at
once. As a result, the building is

uncomfortable to work in outside
normal working hours, and within

working hours whensolar gains
affect one area more than another.
Figure 5.18
A typicaloffice
interior

Figure 5.19
An office layout
showing places where
additional IT
equipment may be
introduced in the
future
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HVAC systems need

to be adaptable
enough to cope with
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Future developments
The past few years have seen a
progressive extension of working
hours. In manyoffices, staff may be
found working earlier, or later, or

over weekends, either to meet
deadlines or for their own

convenience. These habits are likely
to grow more common, especially as
the use of word processing and
electronic mail replaces the need for
secretaries and meetings. At the
same time, there are likely to be
mounting pressures to maintain, or
improve, the quality of the office
environment. These pressures will
come from staff and, less certainly,
from government.
In some parts of northern Europe,
there are already laws requiring
every office worker to have his or
her own window, individual control
overlighting, temperature, and

ventilation, and even the ability to

open the window. While there
seems no immediate prospect of the
adoption of such laws by the British
government, both the example set in
European offices and the desire to
raise working standards through the
European Community are likely to
have some impact. This impact is
likely to become effective only
slowly, but may be significant over
the life of the HVAC systems being
installed today.
Some recently completed offices
already provide control at the level
of offices or individual work areas.
This may be provided in the form of
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direct control of the apparatus, or
infra-red control units, or via the

telephone and a link to a buildingmanagement system.

It should be possible to provide staff
with satisfactory working conditions

outside normal working hours,

without excessive costs. This can
generally be achieved by providing
separate HVACcontrols for each

floor, or for smaller areas where the
floors are particularly large.

The requirements for smaller control
zones, and the savings available
from integrated energy
management, indicate a need for an

integrated building-management

system in all but the smallest office
buildings.
Reference

Code of practice for design of

buildings: ventilation principles
and designing for natural
ventilation. BS 5925. London:
British Standards Institution, 1980.

Ventilation requirements. BRE 206.
Watford: Building Research
Establishment, 1981.
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The HVAC system should:

Provide economical partial
operation out of normal

working hours and at
weekends.

Provide control for each

individual office or small

group of desks in open-plan

areas.

Building control cabling

HVAG, access control, surveillance,

4

Serene te eet
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A variety of building control
systems, relating to power, lighting,
and emergency procedures, may be
found in office buildings. In most

cases, these systems are not

Figure 5.20
A diagram showing

howoffice telephone

equipment can be
used forlocal control
of lighting and HVAC
A link between the

PABX and the

integrated, and each runs on
dedicated cabling.

building-management
system enables the
individual user to
control his
environment without
loss of central
monitoring or pre-

I

1

emptive control.

Building-management
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Current situation

The various elements of building

management have developed

independently becauseof their
differing origins and requirements.

In each area, there is a mixture of
common and proprietary standards,

as a result of which equipment from
different suppliers is often unable to
interwork fully.

Recently, the belief has grown that,

in the future, high-tech or
intelligent buildings will become
economically viable and widespread.
A common themeof these concepts
is the complete integration of all
information and control systems

including those that support the
occupier s business.

Business-oriented systems
Business-oriented systems will
generally be controlled by the

tenant. They should not be
integrated with building-oriented
systems because:

Thepoint of delivery is different

(that is, they need to be

delivered to desks rather than to
plant rooms and other building
spaces).
Theyare subject to frequent
changes in response to changing
business requirements.

It may, however, in owner-occupied
buildings, be possible to link these
systems in order, for example, to
provide telephone access to the
public address system, to use the
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telephoneas a control device for the
HVACandlighting, as shown in
Figure 5.20, or to provide user
access to facility management
systems.

Some owner-occupiers may benefit

from the use of common

components in their building- and
business-oriented cabling systems.

Building-oriented systems

All building-oriented systems are
linked quite closely to the structure
and services of the building and
should therefore be treated as part
of facilities management. In the case
of a landlord-operated building, it is
often appropriate for the landlord to
take responsibility for these systems.
Building-oriented applications
include heating, ventilation, and air
conditioning (HVAC) plant controls,
fire alarms, security, public address
systems, and automatic lighting
controls. (In some cases, these may
be related to a campus rather than
to a single building.) Buildingoriented systems are often designed
and implemented separately. The
benefits of integrating these systems
include:
Lower energy and watercosts.

Better information duringfires.

More appropriate responses to

changing circumstances and
patterns of use.

In the future, these advantages will
outweigh the advantages of
procuring discrete subsystems.

we

@

However, there are, at present, very
few suppliers of integrated systems.

ie

tt

|W

WY

oY

GUIDELINES
The cabling needed for buildingoriented systems, such as
energy-management systems,
public address, and security,
should be part of the building

design and should beinstalled
by the developer.

Atleast in multi-occupied
buildings, the cabling for

building-oriented systems should

be maintained by the landlord.

Se
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Voice and data cabling

Woiee and data cabling is required

to support business-oriented
systems. It may include telephony,
;
'
+
data communications
for terminals,
personal computers (PCs) and

workstations, electronic mail,

facsimile, and teleconferencing.

Figure 5.21

A DECconnect
faceplate

Figure 5.22

Cabling distribution
zonesin a typical
office building
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Floor boxes

Separate sockets are

provided for voice,

video, terminal

support, and Ethernet

communications.

al Primary cabling distribution zone
g Secondary cabling distribution zone
Tertiary cabling distribution zone
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Current situation

Organisations vary greatly in their
approach to telecommunications.
For instance, they require different
levels of availability, leading to
different relationships with their
suppliers, and they also use
different computing and
communications architectures,

which often lead them to install

different kinds of building cabling.
Because of these differences,
developers rarely install voice
cabling, and almost never any
cabling for non-voice services.

Business-related telecommunications
are only loosely linked to the
building, but are quite strongly
linked to the business and to its
other IT systems. Computer data
transmission exists largely as an
adjunct of computer systems, and
this is so even when the data
network is operated as a separate
utility. Applications such as
electronic mail and electronic data
interchange (EDI) dependat least as
much on the compatibility of data
formats as they do on networking,
and each is increasingly closely
linked with other computer
applications.
Future requirements
Voice systems are usually supported

by coppercables installed in a

standardised star configuration. It is
reasonable to plan on the basis that
this will continue, although
multipair riser cables may be
replaced by fibre in some cases.
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Schemes such as AT&T s Premises

Distribution System (PDS), BT s

Open Systems Cabling Architecture
(OSCA), DEC s DECconnect, and the

IBM Cabling System (ICS) define the
cables that should be used in both

the primary and secondary

distribution, as shown in
Figure 5.22. Electronic interface

units (known as baluns or

convertors) are used to enable a
wide variety of IT equipment,
including terminals, PCs,
workstations, printers, and facsimile
transceivers, to operate over the
specified cables. With these
schemes, the choice of cable is not
determined by the architectures and
protocols used by the attached IT
equipment.
Therefore, voice and data cabling
schemes can both now be treated as
building utilities.
At present, there are a numberof
proprietary cabling schemes, but no
common standard. This difficulty
has not been resolved in the draft
(North American) Electronic
Industries Association (EIA)
standard, which defines three
different kinds of copper cable for
horizontal distribution rather than a
single type.

The IT industry is, however,

converging on a single standard for
optical-fibre cables. This will serve
to define a single, widely accepted,
standard for communications
cabling . A cabling schemeinstalled

OOD

wow

to this standard would form a

building utility, and this is likely to
become economically feasible in
some buildings within the next five

years.
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GUIDELINES

Telecommunications cabling

should be installed duringfit-

out. In the case of a shell-and-

core

development, responsi-

bility for this stage will naturally
fall to the occupant.

Where the developer controls
the fit-out, he should liaise with
the first occupant, and
especially with that occupant s
IT department.

If no initial occupant has been
identified, the developer should

follow the guidelines given in
Chapters 6 and 7.

ee

Security

Sony systems are used for

surveillance and to control access to
and within a building. Systems
include closed-circuit television for
internal and exterior surveillance,
intrusion detectors, security

gateways, and identification cards.

Figure 5.23
Plan of an office
building showing
typical security zones
and security-control
office
Security zones should

be considered when
planning circulation
routes.

Zone 1: Lobby

Zone 2: Generaloffice area
Zone 3: Security office
Figure 5.24

Zone 4: Machine room

A typical CCTV

camera for security
surveillance
Entrance

om from the
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Current situation
In the design of many existing office

There are trends for PCs to have
their own hard discs and to use

GUIDELINES

paid to security. In practice,
therefore, it has been necessary to
add security measures, such as those

both cases, the discs themselves will
be in the general office areas, or
perhaps in small equipment rooms,
rather than in the main computer
centre. These trends in IT will
require better security to be
provided to office areas generally,
and to small departmental computer

basic security system, controlled
from a central security office.

buildings, little attention has been
listed in Figure 5.25, after

occupation and in response to
changing circumstances.
Most computer users have already
recognised the potentially disastrous
consequences of damage to
mainframe systems. The corruption
or theft of business data could
create severe embarrassment to an
organisation and might damageits
business performance. They have

therefore introduced tight security
in that area. (This point is discussed
further in connection with
computer-room design.) The
requirements for computer-suite

security are unlikely to decline. The
security required will usually

comprise access controls, and
surveillance from both the computer
suite bridge and the site security
office. Some computer-suite security
measuresare listed in Figure 5.26.

Organisations have, however, been
slower to recognise the risks
associated with personal and
departmental computers. Personal
computers (PCs) are themselves
valuable, and attractive to thieves.

In addition, both PCs and

departmental computers are now
used to run important business
systems that might previously have
been developed for mainframes.
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shared file servers for their data. In

rooms.

References
Goldblum, Edward. Computer
disasters and contingency planning.
London: Amdahl and Butler Cox,

1982.

The building should provide a

Chapter 6

Fitting

out the office

LO |

[itonnation technology affects
office space requirements, and the

design of functions andfittings. An

important design consideration is
the density and positioning of
service presentations, the points at

which staff can gain access to IT
services. The trend towards
installing an intelligent workstation

Figure 6.1
Influences on office

scenery

at every desk is leading to a

way to optical fibres in the 1990s,

precabling with optical fibres in
secondary distribution is unlikely to
be economic today. Finally, the use
of VDUsin offices has changed
significantly the requirements for
office lighting.
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Office scenery is
influenced by the
occupier s
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allowance can be made per
presentation. Although copper
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Lighting
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6.08

6.10

Space-planning problems

Space planning is the process of

designing or selecting and

configuring furniture, carpets, wall
coverings, and lighting to meet a
particular occupier s requirements.

Figure 6.2
Atypical programme

for fitting out an office
Voice and data cabling
activities should be

includedin thefitout
programme.

Seth

Vd

Design options
At one extreme, the landlord fits

out the building before knowing the
identity of the occupant, and the
occupant moves existing furniture

into otherwise completely prepared

offices. At the other extreme, the
occupant takes the building at the
shell-and-core stage and finishes it
from that point. In the first case,
many of the important fit-out
decisions have been made by the

developer and the occupant
independently of one another. In

the second case, the decisions are
taken together during an extended
fit-out stage.

Interiors are best designed on behalf
of a particular occupant because:

Their character and culture can
be considered by the planners.

The specific requirements of the
occupant can be met.
Over-provision can be avoided.

The dilemmas
Interior design presents several
dilemmas:

Thebest results are obtained
when the working groups to be
accommodated are known.
However, the results may not be

suitable for other working groups
that will subsequently use the
space. Large organisations are
therefore often obliged to design
to fixed standards, and then get
workgroups to accept the result.
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Office space is expensive, but
staff do not generally like to be
crowded together.

GUIDELINES

their desks, chairs, and any other
furniture within the space

particular working groups in

Staff like to be free to move

allocated to them. However, if

desks are fixed, lighting and
service distribution can both be
improved, and at lowercost.

Open-plan offices provide
economies in space, lighting, and
air conditioning, but staff
generally prefer cellular offices
or offices that accommodate
small groups.

Staff generally prefer to have

personal control of their
environments. Conceivably, these
desires may be backed by
legislation in the future (as has

already happened in some other
European countries). This is most

easily achieved in cellular offices.

Interiors should be designed to
be used by a specific
organisation, but not with

mind, unless their requirements
are incompatible with normal
office practice (for example,

financial dealing floors, or
laboratory clean rooms).

Space planning

Figure 6.3

A typical office layout
showing open-plan
space and several
sizes of cellular

space

approaches to space

Office layouts usually
include a mix of
cellular and open-plan
space. If flexibility, of
layout is to be
maintained, the
electrical, voice, and
data services
designers must be
informed of the

6.03

Figure 6.4

An office interior

capable ofproviding
individual cellular

space

degreeof flexibility to

be achieved.
Small open-plan area

Cellular offices

Figure 6.5
An office interior
providing mostly
open-plan space
Cellular
offices

Figure 6.6

An office interior

arranged as a trading
floor
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Different approaches will be needed
depending on the nature of the
space to be planned and the stage at
which the space planner becomes

involved. The options might range

from cellular offices, to open-plan

areas to be dividedinto cells by
furniture, to genuine open-plan

spaces.

In each case, the space planner
must take account of the
requirements of the IT systems for
services, and of their implications
for the design of furniture, finishes,
and lighting. Because space planners
and IT planners havelittle
experience of working together, the

occupant s management will often
have to take responsibility for

seeing that there is collaboration.

Cellular offices, such as those shown
in Figure 6.4, are the easiest to deal
with. There is often perimeter
trunking through which services are
provided to the office. The
distribution of cables within the
office may be achieved by loose lay
around the periphery of the office,
or via wall conduit, or using cable

managementin acoustic screens (if
the office is big enough to warrant
their use).

Open-plan offices, such as those
shown in Figure 6.5, are the most
difficult to deal with. In some cases,
the open-plan area is used purely
for dividing into cells. The
individualcells are divided by
systems-furniture partitions that
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may, in practice, be quite difficult
to move(especially if they are used

for service distribution). This is best

viewed as an alternative means of
producing cellular space, although it:
shares with genuine open plan the

advantages of economies in lighting
and cooling, and flexibility in reorganisation.

If the open-plan area is intended to

be used with a higher degree of
flexibility, it is still worth

considering the use of a fixed
layout. Both the initial and
operating costs of the facilities can
be reduced significantly if layouts
are fixed during fit-out. This has
been proven to be acceptable in a
wide variety of cases. In many of
these cases, fixed layouts were not
the first choice of either staff or
management.
If the fixed layout is acceptable,

space planners may:

Choosethe office furniture and
interior decoration to
complement one another.

Choose a density of service

presentations fixed by the layout.
Place the lighting to illuminate
the work surfaces and avoid
reflections in VDU screens.

Otherwise, they must plan for a
higher density of presentations,
probably delivered via an access
floor, and they may need to allow
for supplementary task lighting.
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Draft British Standard
recommendations for ergonomics
requirements for design and use of
visual display terminals (VDTs) in
offices: work environment. Part 6.

Document number 87/40679.

London: British Standards
Institution, 1987.

GUIDELINES
The approach to space planning
should be defined before the

distribution of services is
designed.

Whereverpossible, the potential
distribution of cellular and open-

plan space should be defined at
an early stage offitting out.

There should be an IT input to
interior design, provided either

by the occupant s information
systems department, or by
consultants, or both, to enable

the designer to take full account

of the IT aspects.

Wherever possible, office
layouts should define the

location of desks (although there
need not be people, or even

desks, in all such positionsat all

times).

:

;

ffice furniture and finishes

includes carpets, curtains, wall

coverings, and all office furniture
and non-IT equipment.

Figure 6.7
Traditional furniture

Figure 6.8
Modular furniture

designed for use in

designed for use in

cellular offices
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open-plan offices
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As IT is used more and more in
offices, so office furniture is

Code of practice for internal nonloadbearing partitioning. BS 5234.

equipment and carry services to it.
With the proliferation of
workstations, lighting must be

Institution, 1975.

The design team should build a
mock-up of the office space in

Specification for performance
requirements and tests for office
Jurniture: desks and tables.
BS 5459: Part 1. London: British
StandardsInstitution, 1977.

potential users.

required that can both support the
designed to avoid the problems of

glare on screens. This affects the
choice of colours, textures, and
materials for carpets, screens, and
wall coverings. The advance of
voice recognition and its integration
into office workstations increases
the importance of acoustics and may
favour cellular over open-plan
layouts. This will also affect the
choice of textures and fabrics used
in offices.
Office furniture must meet a variety
of needs and is subject to many
disparate influences, both aesthetic
and functional. The main
requirement here is for design by

multidisciplinary teams. The design

team should produce a mock-up of
its design showing size, appearance,
service delivery, and lighting, for
evaluation by users, facilities
managers, and the project team.
Furniture systems should be selected
to allow for the quantity of cables
and thesize of the plugs that need
to be passed through the cable

ways.

References
Worthington, John, & Konya, Allan.
Fitting out the workplace. London:
The Architectural Press, 1988.

© Butler Cox pic 1989

London: British Standards

Office furniture: specification for
design and dimensions of office
workstation, desks, tables and
chairs. BS 5940: Part 1. London:
British Standards Institution, 1980.
Draft British Standard
recommendations for ergonomics
requirements for design and use of
visual display terminals (VDTs) in
offices: VDT workstation design.
Part 5. Document number 87/40678.

London: British Standards
Institution, 1987.

GUIDELINES
order to test the practicality of
the design, and to obtain
constructive comments from the

Service presentations (1) Density

Figure 6.11
Typical screed-depth

data communications, voice
communications, and power, but

showing floor-trap

presentations is the number of
presentations divided by the net
lettable area (NLA) that is served by
them.

positions and

furniture layout
A rigid screed-depth
trunking system
requires a very high
density of outlets to

provide presentations
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to suit different
furniture layouts and

avoid trailing cables.

|
\

staff may also have some measure
of control over their local
environments. The density of

trunking layout
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A service presentation is the point

at which staff may obtain access to
a service. The main services are

Figure 6.10

Accessfloor with

nomadic floor boxes
Movable (nomadic)
floor boxes permit a
lower density of

service presentations.
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Figure 6.12
Service presentation
densities
Avery high number of

Floor traps mounted
on movable floor tiles

service presentations

is needed if the flexibility

i

i

of an open-plan office

flooris to be
maintained.
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Current situation

The density of service presentations
varies considerably, and is often
inadequate, especially in open-plan

offices. It is usually expressed on a
per personbasis, reflecting

assumptions about the numberof

people whowill occupy the office.
These assumptions often prove to be

incorrect whenthe office is

occupied, and sometimes even
before.
Considerations for the future
The main consideration is the
density of presentations. It is
convenient to have enough

presentations so that there is always
one within reach. However, if the
staff are to be free to move their
desks where they choose, a large
number of presentations will be
required, perhaps as many as one

per 4 m of NLA. (Given the
expense, especially for an office

that is planned to provide 8, 10, or
even 12 m? of area per person, this
is not often done.) Lower densities
result in trailing cables or
restrictions on the positions of
desks.
Floor plans for access floors with
nomadic tiles and with screed-depth
trunking are shownin Figures 6.10

and 6.11. The way in which the

required service density depends
upon the nature of the space and
the service distribution system is
shownin Figure 6.12.
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GUIDELINES
In cellular and fixed-layout
open-plan areas, the number of
actual presentations may be

restricted to the number of

desks, plus an allowance of
20 per cent for shared
equipment.

In open-plan areas, the outlet
density should be set according

to area; one presentation per

6 m? of NLA will be appropriate
if the presentations are
movable, and one per 4 m?if
they are not.

Y

Service pr

entations (2) Nature

6.06

Figure 6.13
A typical floor-box
service presentation
Despite their
limitations, floor boxes
are the most
commonly used type

of service presentation
in new buildings.

Desk power

Figure 6.14

A service presentation
in furniture

Data sockets

Direct telephone line
PABX extension
Direct telephone line
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Current situation

In the past, a variety of forms of

presentation have been needed
because of the many different
cables and local communications
systems. Now, the tendency is to

provide a single point of

presentation for power, voice,
and data. In cellular offices,
presentations are often wallmounted. Becausethis is not

possible in open-plan offices, a

variety of means have been used
instead, including access boxes in
the floor, columns, and ceilings.
None of these has won universal
approbation. The moves towards
structured cabling schemes will
reduce the need for such a variety
of forms of presentation, and the
moveto optical fibre will reduce it
further.
Future requirements

Utility power (for coffee machines,
cleaning equipment, and so on) is

generally needed in or near
circulation spaces. Generally, data
and voice services are not required
in conjunction with utility power
although there may be some needs
for data and voice service in
circulation spaces. Other services
are generally required at the user s
desk, and all services are likely to
be needed at each presentation. The
ideal presentation is therefore one
that is closely associated with each
desk. This has been impractical in
the past because of the complete
separation of furniture design from
service planning. However, the

© Butler Cox pic 1989

NDS

ND

DS

ea

increasing use of IT, with its
numerous cables, has brought about
a change of practice, marked by
cable-management furniture .

The direct termination of voice,

data, and powercables in

presentations mounted on the desk
has several disadvantages:

Theinstallation of new cables is
more troublesome than
conventional arrangements.

Desks cannot readily be moved.

The cables connecting the
equipment to the presentations
are often longer than necessary
and create clutter on the desk.

Good solutions to this include:

Furniture systems that include a
separate service beam that
carries the cables, and that is not
moved until the office is

refurbished. Changes in

requirements are accommodated
by changing work surfaces and
their associated storage units.

Spaces at the rear of the work
surfaces into which excess cables
can be dumped.
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GUIDELINES
The following service outlets
should be provided at each

presentation:
Power
Data

Minimum
tolerable

Best

1

2

Telephone

Fibres

i:

i

0

6

2

2

Cable dump space should be

associated with each desk.

Se

ments for

The secondary distribution of
services is the means used to carry

services from the building risers to
the places where they are needed.

In the case of power and

A floor of 500 m? is served by one

generally be at or near desks.

Spaceis allocated for voice and data cabling
before the cabling schemes have been chosen,
Weassume that there will be one presentation
per 6 m?* NLA.

telecommiunications closet,

telecommunications, this will

Lighting and environmental control

systems are sometimes accessible
from individual desks.

Voice:

167 cables @ 25 mm?
Add 50% for rewiring

Figure 6.15
Horizontal cable

Non-voice:
83 cables @ 100mm?
New system: 83 cables @ 50 mm?

space for each
potential workplace
A space of 30 mm x

10 mm will often be

sufficient for data and

Reserve

space

One large

Fibre

non-voice
cable

|
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cable
30 mm

=

c=
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10 mm

Two
telephone
cables

4,200
2,100

8,300
4,150.

18,750

Installation allowance @ 50%

9,400

data cable ductsat entry to closet

28,150

Totalcross-section of voice and

voice cabling to each
workplace,

Area (mm?)
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Current situation

Power and telephone wiring are

installed during fit-out. Until

recently, other wiring was installed

The trading floors of financial
institutions generally provide each

dealer with many speechcircuits.

needs, and cable installation often

These requirements are specific to
the financial sector, and depend
upon the dealerboard system

have appreciated, the increasing

are not therefore considered in this
handbook.

at this stage only to meet definite

continued overthelife of the
building. As developers and others
quantity of IT systems and their

associated cables is an important

consideration for building design.

Even so, some new buildingsstill
provide inadequate space forthis,
especially in the area where the
cables from the horizontal
distribution enter the
telecommunications closet.

Future requirements

The space needed for horizontal
cabling will be determined by the
nature and density of the service
presentations, as discussed
previously. As shownin Figure 6.15,

the space required will exceed that

neededfor the initial cabling
because rewiring will be needed
eventually, and becauseit is

impractical to fill trays or ducts

more than about two-thirds full.
Further space, not covered by these
guidelines, will be required for
electrical powerdistribution.

Voice communication
In mostoffices, the majority of staff
require a single telephone, although
some may need a separate direct
line. An area of 25 mm is sufficient
for each telephone cable, andit is
good practice to allow enough space
for two per presentation.
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adopted for the trading floor. They
In the future, less space will be
required for voice-only cables

because:

The Office of Telecommunications (OFTEL)is likely to
permit schemes that integrate
private automatic branch
exchange (PABX) and networkservices wiring.

More advanced telephone
switching equipment will makeit
possible for an intelligent
telephone and PABX to replace a

large numberof directly wired
circuits.

The space for a single telephone
cable should be sufficient for
recabling.

Non-voice requirements
As discussed in Chapter 2, the trend
is to install an intelligent
workstation on every office desk
over the next five years. Each
workstation will require a
communications link to other
workstations and to other IT

systems.

The developmentof IT will lead to
the introduction of new services
that will have to be delivered to the
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desk. In the past, service and
equipment suppliers have used their
influence to encourage users of their
services and equipment to install

much. If the nature of the initial
structured cabling scheme is known,
the space requirement may be
calculated. If it is not known, an

changing for three reasons:

presentation should be made.

their own cables. This is now

The major IT suppliers are

moving away from proprietary

cabling schemes, and several

have developed schemes that can
support a wide variety of devices
and local area networks (LANs).
MinorIT suppliers are
increasingly building equipment
that can operate over the
emerging universal cabling
schemes.

Thesuppliers of certain financial
information services are
increasingly offering their
services over standard cabling
systems and local networks.

Although tariffed at a premium,
it is inevitable that the margin
will disappear in time.

It is now possible to install
structured cabling schemes that will
meet the large majority of
communications needs for the next
five to ten years. Beyond that time,
a growing proportion of users will
require optical fibres, so sufficient
space should be provided at the
outset.

Today s structured cabling schemes

vary considerably in their needs for
space. The most compact require
only 25 mm? of cabling route crosssection per presentation. The least
compact require about six times as

allowance of 100 mm? per

Cabling systems are likely to become
more compact in future, and it is

reasonable to allow 50 mm?, or
50 per cent of the initial

requirement, whicheveris the
greater, for a future system. Since it
is impracticalto fill a duct or tray
with cable, a further allowance of
50 per cent should be made. If
space for voice and data cables must
be reserved before the approach to
cabling has been decided, an
allocation of 5,600 mm? per 100 m?
of NLA should be made, as shown
in Figure 6.16.
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Secondary distribution (2) enn enenteae
ee

ive secondary distribution of
services is the means used to carry
services from the building risers to

the places where they are needed.

The cables may take a variety of

routes including under the floor,

me LU

overa false ceiling, through

perimeter trunking, and through

furniture. In practice, a mixture of
these routes is often best.

ie

Tray in the ceiling

void and vertical poles

Figure 6.17
Office using Sunar
Racefurniture system
with partition screens
between desks
removedfor clarity
The Sunar Race
furniture system
provides beams for

Dado trunking

power, voice, and

data cables.

a Skirting trunking
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Under-carpet cable
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Figure 6.18

Horizontal distribution

alternatives

Where accessfloors
are not available,

alternative methods
may be used.
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The routeing of cablesis rarely a

problem in cellular offices, since the
walls provide a variety of horizontal
and vertical routes, and ceilings can

also be used. Open-plan offices with
shallow space are also often

straightforward: cables can be

distributed along the outside walls
and carried into the rest of the
space through systems furniture.

Deeper open-plan areas are more

difficult, especially if the occupants
require complete flexibility in the

positioning of desks. Many modern

office buildings provide access floors
to contain the cabling for these
areas. The use of access floorsis,
however, expensive
typically
$£30-60/m?
and is not a panacea.
Access to the floor void is often
difficult, owing to the presence of
people, furniture, and equipment on
the floor, and the fact that several

carpet tiles need to be lifted for
each floor panel.

Cables must, of course, pass through
the false floor, and this is generally
arranged by terminating the
secondary cables in a service access
box in a floor tile. These boxes can
give problems. They tend to trap
(and cut) cables, they are often too
small to accommodate plugs with
projecting cables, and even when

the floor has been designed to allow
the boxes to be moved, the process
can be quite slow. Nor do access
floors and service boxes solve the
problemsof tertiary cabling
the
cables connecting the parts of a
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user s workstation to each other and
to the service access box.
Raised access floors give the
greatest flexibility but have

disadvantages. As discussed on
page 6.03, approaches based on

fixed desk positions can be achieved
without the use of access floors.
Such approachesare generally
preferable, provided that
management is prepared to accept

the loss of flexibility.

Power cables may induce electrical
noise in communications cables. For
this reason, as well as for reasons of
electrical safety, they should be

routed separately.

Analogue telephony cables carry

ringing currents andsignalling

pulses that may cause interference
with data communications systems.

Reference

Code of practice for electrical

systems in office furniture and

office screens. BS 6396. London:
British Standards Institution, 1983.
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GUIDELINES
Access floors should be used

where a high degree of
flexibility is required in a deep

open-plan area.

Access floors should have a void
depth of at least 120 mm. In

cases where a telecommunications closet serves a floor

area of more than 500 m? , an
increased void depth of 150 mm
or 200 mm maybe required.

Communications cables should
not share undivided ducts or
trays with power cables.

Data communications cables

should be separated from
analogue telephone cables by
either an electrical screen or a
distance of 50 mm.

oe

Mey types of cable are used in

horizontal distribution. The

introduction of structured cabling

schemes has reduced the variety by
allowing one cable to support

several kinds of network, as shown
in Figure 6.19. The structured

cabling systems available from

Figure 6.19
Structured cabling

concept

Structured cabling
systems are based on
the use of a single
type of horizontal
cable that can be

patched to support a
wide range of

different supplies each have their
ownset of installation rules and
cannoteasily be interconnected on

intelligent workstations
and single-function
terminals.

on, the fire-safety aspects of
communications cabling.

LAN server

any one site. There is no definite
guide to, and only limited agreement

by the (North American) Electronic
Industries Association (EIA). As
shownin Figure 6.20, the EIA has

specified an approach to building
cabling that defines topology and

maximum cable lengths, while still
allowing three choices of copper

cables. In effect, the standard

that are most widely used in North

America.

Single-function
terminal

Patch cables

Some progress has been made on
the standardisation of copper cables

endorses the three kinds of cable

=.
Intelligent workstation

Single-function
terminal controller

/

Horizontal cables

Spare socket
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Future requirements
Copper cables have been the
standard means of delivering
services in the office in the past,
and they will continue to meet most
users needs for the next five to ten

50- or 62.5-micron core diameteris
likely to meet the overwhelming
majority of actual requirements.

beginning to be challenged by
optical fibres, which will be
required for some workstations from
1995, and for significant numbers
from the year 2000, and by radio
and infra-red systems.

for optical-fibre cables to the desk.
One way of preparing for this need
is to install empty tubes to the
desks through which fibres can be
blown when needed. This approach

years. Coppercables are, however,

Optical fibres
Optical fibres have many advantages
over their copper counterparts,
including small size, low weight,
immunity to electromagnetic
interference, resistance to tapping,
and enormous bandwidth. Fibre
cables are especially attractive in
refurbishments, where cable space is
limited. Although the fibre cables
are inexpensive, their installation
and termination requires more time
and more highly skilled staff. They

also require more complex

electronics at each end. Fibre-based
systems are therefore usually more
expensive than systems based on
coppercables, although for highspeed communications, this will
cease to be true in time.

Although fibre standardsarestill
immature (work is proceeding in the
EIA, the European Computer

Manufacturers Association (ECMA),
and the International Standards
Organisation (ISO)), the installation
of multi-mode glass fibre of either
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From about 1995 (sooner in some
organisations), there will be a

progressively increasing requirement

means that a large part of the

installation cost can be deferred.
(Figure 6.21 shows the
characteristics of BT s blown-fibre
technology.) In addition, this
approach leaves open the numberof
fibres that should be provided to
each desk.
Although attractive financially,
blownfibre has three disadvantages:
The technology is new and not
yet proven in long-term use.

It is currently available only from
a single supplier.

The space occupied by the tubes
is unavailable for other uses.

Radio communications
Radio systems have been used for
many years for paging and walkietalkies . Cordless telephones are
widely used in homesbut their

restriction to just six frequencies

makes them unsuitable for office
use. The second-generation cordless
technology (CT2) is likely to be used
as the basis of new cordless
PABXs . All radio systems suffer

Ni

NR

NEON

from a shortage of bandwidth,
possible interference between
transmitters, and screening by metal
building components. They are
currently more expensive than
wired systems.
Fire resistance
The United Kingdom has no
generally accepted tests for the fire
resistance of communications cables.
Cables in air plenums present a
particular risk, unless they are
installed in their own conduits, since
any smoke from burning cables will
be distributed very quickly. Lowsmoke cables should be used to
avoid this. (Ordinary PVC cables can
be used in computer-room-floor
voids, providing that the air
circulation is shut down as soon as
smokeis detected.)
References
Premises distribution guide.

Reference 555-400-021. Middletown,
NJ: AT&T Information Systems,

1987.

Open Systems Cabling Architecture:
building planning and design
guide. Reference: TUP 900. London:
British Telecom, 1988.
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GUIDELINES
To meet today s needs and those
foreseen for at least the next
five years, structured wiring
schemes with copper cables will
be adequate.

The distance from the
telecommunications closet to the
presentation should not exceed
90 m.
The district surveyor and
insurers should be consulted
about fire protection of the

cables that are to be installed.
Fire barriers and effective
smoke detectors under the floor

should be considered where PVC
cables or tubes for blown fibre
are to be installed.

If cables are to be installed in
air plenums(other than in their
own conduits), low-smoke cables

should be used.

Lighting
ike use of visual display units in
offices has changedsignificantly the

requirements for office lighting. A

lower overall level ofillumination is
needed for staff to see their screens
clearly and without discomfort. This
reduction makes staff more

susceptible to glare from windows

andlights. In addition, VDU screens

reflect sources of light and brightly
illuminated surfaces, which is both

irritating and obstructive. Although
the need to avoid glare and
reflections from screens has been
well understood for the last decade,
there are still many offices in which
computer users are affected by

them.

I

Figure 6,22

Overheadlighting of
work surfaces
It can be difficult to
prevent an image of

the luminaire being
reflected into the
user s eyes by the
VDU screen.

Figure 6.23
Up-lighting of work
surfaces
Up-lighters can
overcome the
reflection problem.

wT

eseeve VU
Glare from windowscan be avoided
by constructing offices in deep
space, but most staff would regard
this as an unacceptable price to pay.
External shading and interior blinds
may, however, be used in ways that

are effective and acceptable. Glare

from lights can be avoided by use of

prismatic diffusers. The control of
screen reflections depends on

furniture, decoration, and IT

equipment, as well as on lighting.
Satisfactory results are most likely
to be obtained if the office lighting
and scenery are developed together,
and with regard for the IT
equipment to be used. The use of
visual display units with vertical,
rather than sloped, screensis also
helpful.

The increased use of black-on-white
displays will ameliorate the problem
to some degree, since a black screen
reflects more than a white one.
However, black screens will remain

in use for some years.

Individual task lights may be needed
for those who work with paper in
offices, with the lower overall level
of illumination dictated by the use
of VDUs.
References
Code for interior lighting. London:

Chartered Institution of Building
Services Engineers, 1984.

Lighting for visual display units:
technical memorandum 6. London:
Chartered Institution of
Building Services Engineers, 1981.
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Framework for colour coordination

for building purposes. BS 5252.
London: British Standards
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GUIDELINE

The lighting, space, furniture,
and partitions should be planned

together to provide an even
distribution of light, reduce

glare, and eliminate the

reflections of lights on visual-

display-unit screens.

The lighting should comply with

the CIBS Codefor Interior
Lighting, and Technical
Memorandum 6.

2
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Chapter 7

Fitting out information technology service spaces

The major spaces allocated to IT
equipment that have to be fitted out
within the building are the frame
room, computer suite,

communications risers, and
telecommunications closets. Each

space has specific needs for

security, lighting, electrical power

provision, cooling, and fire
protection.

Plant

Plant

Telecommunications

Telecommunications
closets

closets

Chillers
Generator
Figure 7.1
Section of a typical
office building
showing IT service

spaces

IT requirements
influence the space
required for

generators, UPS, and

HVACplant as well as
determining the space

for computer and

telecommunications
equipment.

Electrical switch room

e frame room
Computer suites (1) Organisation of the computer suite
Computersuites (2) Fire precautions
Computersuites (3) Firefighting

BULLEN

AL
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systems

ie frame room is the room

containing the main distribution
frame for the building. The frame
room should be seen as part of the

building cabling rather than as part

of the systems attached to it. Frame
rooms were described on pages 4.06
and 4.07.

Double-sided

termination frames

___|

Figure 7.2
A typical frame-room
layout
Frame roomsusually
house passive
equipment for
terminating and
interconnecting
building voice and

data cables.

6m

i i a a a a |
There is a general trend towards the
use of high bit-rate digital channels
for the provision of services to
buildings (such as British Telecom

(BT) MegaStream services), and
within buildings (mainly local area
networks). Today's MegaStream
service is delivered over a dedicated
four-pair cable of special design,

while the lower-speed KiloStream
service uses pairs in standard

telephony cables. Optical fibres are
being introduced for these services
in London, and will be used more
widely in the future.

These developments have led some
suppliers to propose the installation

of electronic equipment, such as

multiplexors, within frame rooms.
However,it is easier to diagnose
and correct problems whenall the
network-terminating equipment and
the user s voice and data equipment
is located together. The terminating

systems for external telecom-

munications services should
therefore be located adjacent to the
communications and computer
equipment that uses those services
most directly, usually private
automatic branch exchanges
(PABXs) and communications
processors. Asa separate room

containinglittle or no active
electronics, the frame room has no
special servicing requirements.
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GUIDELINE
Frame rooms should be

protected by full-height fire
walls of at least 2-hour rating.

Ceilings should be waterproofed.

There should be no windows.

The frame room should besafe,
secure, and dust-free.

It should belit to 300 lux at
floor level.

Two 13-amp powersockets
should be provided.

Computersuites (1) Organisation of the computersuite

Figure 7.3
Section through a
typical computer

room
Careful planning of

underfloor services
and cable routes is
necessary to ensure

Ceiling
Air handling unit

Air handling unit

that the flow of cold

air is not restricted.

Computer equipment

Computer equipment

Accessflooring system

ime
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AT

AP.

AP),

AP
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Cold air directed

Cable tray underfloor

Computer cables

Cold air directed
under floor

ry
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under floor
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Ss
Ss
Ss
SYYSWD
Current situation

Early computersuites generally
accommodated all the computer
equipmentin a single airconditioned room. This room

therefore included tape drives,

processors, printers, and the staff to

look after them. The move from

batch to online working has greatly
reduced the need for operations
staff, while increasing the need for

continuity of service to the users.

Accordingly, the principles of
computer-suite design have changed:

Printers and other paper-handling
equipment, with their inherent
fire risks, are often excluded
from the main computer room.
Operators are increasingly located
outside the computer room
where they can enjoy a normal
office environment.

The smallest reasonably
practicable computer room is that
needed to accommodate two
mainframe computers with their
associated equipment.

Today s computer suite is therefore
a collection of spaces having quite
distinct functions and environmental
requirements:
Main computer room.

Paper-handling area.
Tape-drive room.

Medialibrary (with secure store).
Control bridge.
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Figure 4.17 on page 4.08 shows a
typical layout for a computer suite
based on these principles.
Future developments
The further developmentof IT will

reinforce the trends that are
apparent today. Higherreliability

will reduce the need for access to
the computer room. More
comprehensive systems-management
facilities will make remote operation
easier. The increased use of
electronic mail and electronic data
interchange will reduce the need for
central printing.

The separation of the various areas

has benefits in terms of access

control, reduction of fire risk, and
environmental control. The critical
area remains the computer room
itself. Although the risks should be
minimal, the consequences of a
disaster in this region may be so
grave that it is worth considering a
further line of defence
that of
dividing the main computer room
into two or more separate rooms, so
that the system can be completely
replaced without loss of service to

users.

If the rooms are divided effectively,
a disaster in one (short of the
destruction of the whole building) is

very unlikely to affect the other,

and processing will be able to
continue, albeit on a reduced scale.
To ensure this, there should be no
route between the roomsto allow
the movementof fire, smoke, water,

wo
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gases, or blast. The rooms will also

need independent power and water
supplies, fire protection, security,
and good access routes.

Reference
Halper, Robert F. Computer data

centre design: a guide for planning,
designing, constructing and

operating computer data centres.
New York: John Wiley, 1985.

GUIDELINES
The computer room, media

library, control bridge, and
paper-handling areas should be
separate rooms.

For suites of more than

1,000 m2, the division of the
main computer room into two
independent rooms, or the
construction of two computer
rooms in separate parts of the
building, should be considered.

ymputersuites (2)

Computer suites need their own
fire-detection and firefighting
systems. This is not because they
present particularly great fire risks
in themselves, but because of the
value of the equipment they contain
and the very considerable damage to

Figure 7.4

A computer suite

after a major fire
Computer equipment

is not usually the
source of ignition, but
it must be protected

from fires that start

outside the computer

the business that may be caused by

room,

C E Wooding

the loss of processing capacity and,
especially, stored data.
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Fires rarely start in computer suites
and, when they do, the mostlikely
causes are paper and underfloor
cables. Computersuites are,
however, sometimes damaged by

fires that start elsewhere and spread
to the computer suite, or that create
smoke and fumes that affect the
suite. Computers can be seriously

damaged by smoke and corrosive
gases (such as the hydrogen chloride
given off by burning PVC cables).
They can also be damaged by the
materials used to extinguish fires,
including water and carbon dioxide.
In many cases, the damage due to
fire-fighting facilities has exceeded
that due to the fire itself.
The appropriate principles for fire
protection are therefore:

Reduce thelikelihood thata fire
will start.

Reducethe likelihood that a fire

will spread.

Minimise the damagethat a fire

can cause.

The risk of a fire starting will be
minimised if the computersuite is
located away from plant rooms and
stores of flammable materials. If this
is not possible, the computer suite
should be separated from any such
stores by fireproof and waterproof

walls of sufficient rating to enable a

major fire in the risk area to be
extinguished without damage to the
computersuite. In the parts of the
building outside the computersuite,
and especially in the adjacent parts,
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good fire precautions should be
taken. Within the suite, the risks
will be minimised by keepingall
paper-handling equipment away
from other equipment. All
underfloor power cables should have

Low Smoke and Fume spread (LSF)
sheaths.

The risk of fire spreading and
consequent damage can be

minimised by the use of suitable
fire-fighting systems, discussed
overleaf.

GUIDELINES

The computer suite should be
located away from fire risks.

Good fire precautions should be
taken throughout the whole
building and especially in the
areas adjacent to the computer
suite.

Computer rooms should be no

larger than 2,500 m .

All construction materials used
in the computer room should be

non-combustible.

An area should be designated to
serve as a reserve bridge in the

event of an emergency. It

should be provided with
appropriate cabling, and so on.

Secure storage for important
data should be provided,
preferably off-site.

Computersuites (3) Firefighting systems

Figure 7.5

A typical trolley-

mountedfire
extinguisher

.

Bridge

Tape-

handling

Computer

area

room

Fire risk

High

Moderate

Low

Very low

Cost of disruption

Moderate

High
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Very high

Cost of assets

Human occupancy

Moderate
Frequent

Low

Constant

Moderate
Variable

High
Low

Figure 7.6
Fire risks in the
computer suite
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Although therisk of fire is low,
computer suites need systems for

firefighting in case fires do occur.

Moreover, the insurer will insist on
them. There is no ideal firefighting
system for computer rooms.
However, dry-pipe water-sprinkler
systems are acceptable and may be
combined with portable
extinguishers to give better localised
control. (In some cases, insurers may
insist on sprinklers for structural
protection.)
The correct approachis to consider
the various parts of the computer
the bridge, the papersuite
handling area, the tape-handling
area, and the computer room
as
separate spaces. The paper-handling
areas pose the biggest risk and
should be given the mostcareful
attention. The bridge should be
treated in the same way as other
office space although more
emergency training will be justified.
(Water sprinklers, hoses, and handoperated extinguishers are the
common meansoffirefighting in
ordinary offices.)
The greatest difficulty arises with
the main computer room. Because
carbon dioxide is a suffocating gas,
andbecause the thermal shock from
carbon dioxide systems damages
computers, many organisations have
installed Halon systems. However,
Halon systems also have
disadvantages:
Halonis expensive.
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Halon has been implicated in the

depletion of the ozone layer in
the upper atmosphere, and

international restrictions on
production are being introduced.

To be effective, Halon must be

discharged in the early stages of
a fire.

Halon is widely distrusted by
computer operators who tend to
leave the system turnedoff.

Halon systemsare less effective in
practice than they are in theory,
and they are likely to become less
acceptable over time. More
acceptable substitute gases are being

developed, but their effectiveness in

firefighting systems is not yet
established.

Portable carbon dioxide
extinguishers and water sprinklers
may both be used. Water sprinklers

should be of the kind in which a

valve is activated by the
simultaneoustriggering of two fire
detectors rather than those triggered
by the softening of a heat-sensitive
plug.

Detectors need careful attention.

Conventional smoke and heat.
detectors do not always work well
in air-conditioned computer rooms
with high air velocity, especially
when low-smoke cables are
installed. Sampling detectors in the
return air supply may be the most
effective. However, conventional
detectors should beinstalled as well,

in case the fire starts when the

HVAC system is shut down.

Reference

Code of practice for fire protection
Sor electronic data processing
installations. BS 6266. London:
British Standards Institution, 1982.

GUIDELINES
Portable carbon dioxide fire

extinguishers should be
available.

Dry-pipe water-sprinkler systems

that are activated by two

detectors are a good choice for

computer rooms.

HVACsystems for computer

rooms should be designed to
minimise the ingress of smoke
from fires elsewhere in the

building.

If sprinklers are used, power
and air circulation systems in

the affected areas should be
shut down when the sprinklers
are activated.

ution

"Te primary distribution spaces
accommodate the backbone

communications network. The
backbone communications network
carries communications services
from their points of origin, or entry
to the building, to the spaces to be
served. In most buildings, the

primary distribution spaces consist

of risers, ducts linking the risers,

Figure 7.7
A section of a typical

office building
showing the
communications
backbone
The communications
backbone is found in
the primary cabling
distribution zone.

Data network

equipment room

frame rooms, and any computer
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rooms, as shown in Figure 7.7.

Figure 7.8
Evolution of building
wiring
In the future, wiring
for separate services
will be more
integrated, but
complete integration
is unlikely.

Frame room

CT)

Current situation

Most buildings have several
independent backbone subsystems
(some have many: our research
located one building with 57
different kinds of cabling in its
backbone). For instance:

PABXwiring: High-count multi-

to PABX extensions with those that
convey a BT or MCL network
service. This policy has created
considerable difficulties for users,
and is currently under review.
OFTEL rules also makeit

undesirable to integrate voice and

non-voice cabling, since this would

pair cables connect the frame
room to telephony termination

bring non-voice systems within the

BT and/or Mercury
Communications Ltd (MCL)
network wiring.

and might require them to be

frames on eachfloor.

Terminal support: Either:

Data cables connecting

terminal controllers in the
computer room with individual
terminals.
or

High-quality data cables or
optical fibres connecting the

computer room with

multiplexors or controllers in
satellite equipment rooms.

Local area networks (LANs):
High-specification data cables
linking multiplexors or bridges in
satellite equipment rooms with
the computer suite and gateways
for off-site networks.
Paging: A leaky feeder running
between floors and radiatingits
signal along its length.

At present, rules made by the Office
of Telecommunications (OFTEL)
forbid the integration of the wires
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scope of the OFTEL rules on
connection to the public networks
maintained by the PABX
maintainer.

The need to install separate
backbones for several kinds of
building network increases and
complicates the work of cable design
and installation. It also complicates
the management and enhancement
of communications systems because
each needs to be managed

separately.

Structured cabling systems
The introduction of structured
cabling systems such as AT&T s
Premises Distribution System (PDS),
BT s Open Systems Cabling
Architecture (OSCA), DECconnect,
and the IBM Cabling System (ICS),
has eased the non-voice cabling
position considerably, since a single
kind of cable is able to meet a
variety of data communications
needs. However,all schemes have
restrictions on their application,
which makes the design of any
schemefor a particular building a
skilled task.

Future trends
In both voice and non-voice

communications, there are trends
towards the use of a few high bitrate channels rather than a large

numberof low bit-rate or analogue

channels. These fast channels will
comply increasingly with standards
drawneither from the integrated
services digital networks (ISDNs) or
LANs, and these standards are

increasingly likely to be based on

optical fibre cables rather than
copper cables. The problems posed
by multiple backbonesare therefore
likely to disappear in the medium to
long term, as is shownin Figure 7.8.

References

Telecommunications wiring in
business premises and homes.
OFTEL 5/87. London: Office of
Telecommunications, 1987.

GUIDELINES
The person responsible for a fit-

out should seek the assistance of
a telecommunications expert to

design the backbone cabling

system.

Data cabling should not be
integrated with telephony or

network services cabling.

A coordinated cabling scheme

should beinstalled forall
telephony and public network

service access.

Choice of backbone commu1i

Figure 7.9

The relative sizes of
fibre and copper

cables

The cabling should have a star topology with no
more than twolevels of cross-connection
for
instance:
Main distribution frame;

Main distribution cables.

Intermediate distribution frame:
Intermediate distribution cables: no cable
section should exceed 500 mm in
length.

~~ Local patching frame(treated as part of the

horizontal cabling).

No cable route (from main distribution frame to
local patching frame) should exceed 2,000 m in
length.
Optical-fibre cables should be graded-index,
dual-window, multimode fibre with a core
diameter of 62.5 microns. Bandwidth and
attenuation limits will also be specified.
Figure 7.10
A typical optical-fibre
cable junction box
Fibre cables require
purpose-designed
termination facilities.
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It is impractical to recommend

general standards for either the
backbone network or the backbone

cabling because of the many

different kinds of office equipment.
The variety of equipment demands a
multiplicity of data link protocols,

and especially LANs. LANs

themselves demand a variety of
cable types andinstallation
topologies. Moreover, the increased
use of high bit-rate channels in
PABXs and data systems (discussed
in Chapter2) requires a medium
that can support those rates.
Technical considerations and the
evolution of standards both point to
optical fibre as the best long-term
choice for backbone cabling. In the
short term, fibre will be selected for
more and more new applications
and network products.
Some organisations will have only
limited requirements for optical

fibre within the next five years,

even in their building backbones.
These organisations may prefer to
defer any large-scale installation of
fibre until their needs are better
established, the standards clearer,
and the products less expensive.
Others, especially those refurbishing
buildings with undersizedrisers,
may needto install substantial fibre
systems now, and should choose
systems that comply with the
emerging standards.
Standards
The standards for optical-fibre
cabling are emerging before either
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users or suppliers have made major
investments in proprietary
technology and products. In

addition, there is a broad industry

consensus in favourof the emerging

fibre-distributed data interface

(FDDI) specification for high-speed

LANs. These developments makeit

even more attractive to view an
optical-fibre backbone cabling
system as a building utility, able to
support a variety of voice, data, and
other communications.
At present, the (North American)
Electronic Industries Association
(EIA)is taking the leading role in
standards for optical-fibre building
cabling. The main points of the EIA
standards for optical-fibre backbone
cabling are shown in Figure 7.11.
The EIA standard does not currently
specify a connector for fibre cables.

Further standards work is taking
place in the European Computer
Manufacturers Association (ECMA)
and the International Standards

Organisation (ISO). Because

50-micron fibre is already used in
Europe and Japan, it is likely that
the international standard will admit
both 50- and 62.5-micron fibres.
Cabling installed to these standards
will be usable as a utility,
supporting systems from a variety of
suppliers.
Fire resistance
British Standards and codes of
practice do not provide clear
guidance on the measures needed to

avoid the spread of fire via cables.

US practice, which is based on the
National Electrical Code (NEC) and
well definedtests offire resistance,
is better. Adequate fire resistance

may be achieved by the use of

either fire-retardant cable or fire

stops in risers.

The former increases the cost and
reduces the choice of cable in ways
that may be inconvenient. The latter
requires appropriate disciplines
when newcables are installed or old
cables removed. In a refurbishment,
the choice may be influenced by the
nature of any cables already
installed in the risers.

References
Premises distribution guide.
Reference: 555-400-021.
Middletown, NJ: AT&T Information
Systems, 1987.

Code of practice for the installation
of private branch eachanges for
connection to the British
telecommunications public switched
telephone network. BS 6506.

London: British Standards
Institution, 1984.

Code ofpractice for installation of
apparatus intended for connection
to certain telecommunications
systems: general recommendations.
BS 6701: Part 1. London: British
Standards Institution, 1986.

Open Systems Cabling Architecture:
building planning and design
guide. Reference: TPU 900. London:
British Telecom, 1988.

DECconnect planning guide.

Reference EK-DECSY-CG. 3rd

edition. Maynard, MA: Digital
Equipment Corporation, 1986.
Commercial building wiring

standard. EIA PN 1907 (Draft)
(especially Chapter 5). Washington

DC: Electronic Industries
Association.

Generic specification for optical
waveguide fibres.

KIA/TIA-492000-AA. Washington
DC: Electronic Industries

Association, 1987.

IBM cabling system planning and
installation guide. Reference
GA27-3361. 7th edition. New York:

IBM, 1986.

GUIDELINES

Anylarge-scale fibre installation
should comply with the
emerging standards.

Telecommunications closets

Figure 7.13
A DECframe

Figure 7.12

A technician working
in a telecommuni-

cations closet
Space must be

allowedfor access to

Data-cable patching

voice and data patch
panels.

cabinet
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The most important parts of the fit-

out of a telecommunications closet

are those that hold cables and

equipment. Cables usually enter
from the riser at a low level and

exit at a high level. Cables for

horizontal distribution may leave at

any level, depending on thelocation

of the horizontal distribution spaces

(overhead, peripheral trunking, or

underfloor). A common layout is
shown in Figure 7.12. Cables are
generally tied to metal trays, while
patching and other equipment may
be secured to the wallor left to

stand on the floor. The minimum

radius of a cabling route should be
sufficient for the least bendable
cable in general use.

Because the telecommunications
closet is unoccupied most of the
time, it is generally located in deep
space. It lacks windows, and
aesthetic considerations do not

figure highly in its fit-out. Whenleft

unoccupied, the most important
issue is security. This can be
achieved either by a locked door of
suitable fire rating, or by
firestopping the horizontal or
vertical cable entries, or both.

As discussed on page 4.13,a
telecommunications closet may take
the form of a passive riser
cupboard, a wiring closet, or a cable
patching room. These have different
requirements for services.

In order to make it convenient and
efficient to work in the closet, it
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should be properly lit and provided
with necessary services (including a
telephone with which the technician
can consult his supervisor or the
facilities manager when necessary).

The provision of suitable power

supplies and earths was discussed on

pages 5.06, 5.07, and 5.08 above.

Powershould be provided from the
relatively clean desk supply.

Services

Access to the two special earths

should be provided:

Onefor data cable screens.

One for PABX earth recall.

A telephone should beinstalled.

There should be a power socket
for a portable lamp next to any

connection box.

Cable routes should have a
minimum bending radius of at

least 175 mm.

Additional services for wiring

closets and cable patching
rooms
The closet should be lit to 300
lux at floor level by lights 2.5 m
above finished floor level.

There should be a clean power

supply of at least 8 kVA.

There should be sufficient
cooling capacity to remove 1 kW
of heat.

Fitting out

The door should be fitted with a
lock.

Doors should not open inwards

or outwards into escape routes

in such a way as to cause
obstruction. (Folding doors may

facilitate access without
disrupting other work.)

Proprietary metal channel

sections, such as Unistrut, are

best for holding equipment.

Openriser shafts should have
steel grid floors to prevent

personnel and tools falling down
the shaft.

Chapter 8

Facilities management

Bees IT-related building spaces
represent a valuable asset, the

Figure 8.2

A typical blocking
plan
Blocking plans show

responsibility for their management
should be vested in a designated
individual. Cable management,
which includes controlling the
installation of new cables and
maintaining records for them,

the allocation of space

on an individualfloor.

should also be the responsibility of a

named manager.
Figure 8.1

A typical stacking

plan

Stacking plans show
which floor each
department occupies
and how much space
is used.

B Unused space
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Cable management(1) Its changed role
Cable management (2) Procedures
Maintaining design integrity
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Figure 8.3
Responsibilities of a
facilities manager in
controlling the use of

space

IT-related building spaces are of
many different kinds, including
frame rooms, risers, heavily serviced
zones, and expansion spaces for

wiring closets. The corresponding

space requirements can be

calculated according to the
assumptions set out in Chapters 2
and 3. These calculations, however,

will be correct only if the spaces are
managedeffectively.

Consider a commoncase. If a wide
variety of communications cables is

allowed to proliferate within the
risers and distribution spaces, the
available space will soon be used
up. Similar considerations apply to
the spaces reserved for the
expansion of plant rooms, computer

rooms, and frame rooms. These

spaces are valuable, and their value
may not be immediately apparent. It
is therefore important that someone
should be charged with maintaining
the flexibility represented by these
spaces. This is especially significant
in refurbished buildings, where
limited service spaces can be made
adequate only by exercising a close
discipline over their use.

The requirementis particularly
critical if the buildingis to be let to
several tenants, or if part is to be
sub-let by a tenant. Probably all
tenants and subtenants will need

space for bringing telecommuni-

cations services to their offices and
for distributing them betweenoffice
areas. It is commonplace for these
services to run through risers and
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telecommunications closets to which
other occupants also need access.
This raises concerns about

interference and interception, either
deliberate or accidental. The
required levels of privacy and
security can be met by installing

conduits within risers, and allocating
the whole of one or more conduits
to each occupant. However, the
effectiveness of such a scheme
requires careful management of the
conduits.

In manybuildings, service space is a
scarce resource. To avoid using it up
unnecessarily, it should be treated
as an asset, the responsibility for

which should be vested in a named

individual (the facilities manager).
This individual should probably be
in the facilities management.
department, not in communications
or systems. He or she will need an
appreciation of IT
for example, a

familiarity with multiplexing

options. Figure 8.3 shows the
relationship of the facilities manager
to the service spaces.
The best way of managing this space
will often be through the explicit
use of a price mechanism. In this
case, the facilities manager charges
other departments a rent for the use
of service space. The level of the

rent should be set so as to

encourage the degree of space
efficiency required by the building.

GUIDELINE Sy

Control of the service spaces
and of the reserves for the
expansion of service spaces

should be vestedin a facilities
manager.

No-one should be allowed to

install equipment in these areas
or to occupy them without the

consentof the facilities
manager.

Figure 8.4

Figure 8.6
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interconnection frame
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Cable-management
systems should enable
occupiers to keep
track of cable
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Cable managementspans three areas
of responsibility
controlling the
reconfiguring of the cabling system,
via patch panels, identifying the
occasional need for new cables to be

installed, and controlling the

installation of new cables, where

necessary.

As recently as five years ago, data
cables were mainly dedicated to
particular signalling systems,

protocols, and desklocations. If any
of these changed, it was usually
necessary to install a new cable,
often of a different kind, as a
replacement. A few sophisticated
computer users sought to avoid this
by installing structured cabling

schemes to their own designs. They
were usually based on twisted-pair
cables. A few others solved the
problem by adopting Ethernet or
broadband local area networks

(LANs)for their local communi-

cations, and cabling their offices to
support these networks.

Only a minority of users, however,
took either of these routes. In most
organisations, cables were, andstill
are, installed on an ad hocbasis to
meet developing needs. Where this
is the case, cable managementis
simply one part of telecommunications management. It does not
exist as a distinct activity.
Moreover, in most organisations,
telephony wiring in the past has
come under the British Telecom (BT)
monopoly, attracting little attention
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from telecommunications managers,
and less from anyoneelse.

The introduction of the first

structured data cabling schemein

the United Kingdom, the IBM

Cabling System (ICS), drew attention

to this area. Structured cabling

systems can support a wide variety
of local communications networks.

Figure 8.6 shows how, by precabling
in a star topology, a variety of
networks can be realised through
the use of suitable baluns and other

electronics. The most widely used
structured cabling schemes are
based on twisted-pair cables with at
least two pairs to each presentation.
They can support:
Standard

terminal signalling

schemes such as RS232 and 423.
Proprietary terminal protocols
such as IBM 3270 and 5250.

LANs, including ISO 8802.3 and
8802.5 (but excluding ISO
8802.4).
Wherea structured cabling system
has been installed with a sufficient
numberof presentations (as
discussed in Chapter 5), cable
installation is separate from the
provision of a communications

connection in a particular case.
Cables are installed during building
fit-out or refurbishment. Connections are provided by supplying the
user with an appropriate balun,
making appropriate connections on
the patch frames, and sometimes

installing additional electronic
equipment.

If the guidelines given in Chapter 5

have been followed, the building

will have been comprehensively pre-

wired for both voice and data

during the fit-out stage. If this has
been done well, the need for
installing further cables will be

limited, but such installations are

the responsibility of cable
management when the need does
arise.
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Cable management (2) Procedures
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It is important to distinguish the
needs of the installer of the initial
cabling scheme from the needs of
the occupant. In the past, these
needs overlapped greatly because

available for most cabling schemes

(Figure 8.8 shows a suitable paper

record). In addition, computers can

be used to assist with the

administrative work in all but the

the initial cable installation was

smallest offices. Computer systems

installed later. With a structured

achieve a desired result are
valuable, particularly for large and
complex installations.

incomplete and many cables were
cabling scheme, most cables are
installed during fit-out. Very few
moreare likely to be installed
during the first five years or so,
although special requirements are
increasingly likely to arise
thereafter.
During the early years, the occupant
will need to change the patching
frequently to track changes, but will

rarely need to install new cables.
(The installation of new baluns,

shownin Figure 8.7, and specialised
communications equipment, will be
commonplace, however.) Later on,
the need for special cables will
increase. Many users will need to
install a new structured cabling
scheme (probably based on fibre)
within 10 years.

Good record-keeping and

maintenance of the cabling system
are essential. Indeed, the keeping of
good records of private automatic
branch exchange (PABX) wiring is a
requirement of the Branch Systems
General Licence (BSGL). (The BSGL

provides the legal basis under which
approved equipment is connected to
the public networks in the United
Kingdom.) Preprinted cable
documentation for this purpose is
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that generate lists of changes to

Cable-management systems for large
installations should be interfaced to
the network-managementsystem,
but wedo not generally see a need

for integration. The interface

functions should include the use of
common numbering schemes for
ports and presentations, functions to
inform network managementof the
physical location, and circuit details
of the equipment connected to a
network port.

GUIDELINES
The cable manager should
control what is done, not merely
recordit.

In smalloffices (say, less than
1,000 m*), records may

conveniently be kept on paper.
(However,if the records for a
numberof such offices are
centralised, they should be held

on a computer.)

In medium-sized offices (say,

between 1,000 m? and
10,000 m?), cable and patching
records should be kept on a
simple, probably personalcomputer-based, system. (An
organisation with many mediumsized offices might, however, be
wise to invest in a more
sophisticated cable-management
system.)

There is no need to integrate
these records with drawings:

numbering systematically the
presentations and routes (routes,
not cables, should be shown on
the drawings) should be
sufficient.
In large office buildings (over

10,000 m2), records should be

held on a more powerful
computer. The system should be
able to generate the complete
list of changes needed to
achieve a specified result
for
example, moving the marketing

department's equipment to the
third floor, west wing. The
integration of drawings and

cable lists on the computer may

be valuable.

Maintaining design integrity

Figure 8.10

The occupier requires
drawings and

documents indicating
how the building
should be used and
maintained

i
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Figure 8.11 IT-related managementrules
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The design of a building is an
exercise in professional skill aimed

at satisfying specified requirements
within financial constraints.

Occupants who attempt to make the
building do more than it has been

designed to do risk difficulties

ranging from inconvenience to
themselves, to damage to the
structure.
Equally, the design team makes
certain assumptions about the
management of the building after
occupation. If these expectations are
not fulfilled, the efficiency and
effectiveness of the buildings and its
users are likely to suffer. This is
especially important for refurbished
buildings, since the limitations of

the basic design may makeit

necessary for the landlord to accept
certain compromises in requirements
or design.

In Chapter 2, we stressed the need
for both requirements and design

information to be passed from the
developer to the contractors, and
also to the final landlord and
occupants. It is the responsibility of
facilities-management staff to be
aware both of the limitations of the
design and of the designer s
expectations. They should then
manage the building in such a way
as to maintain the integrity of the
design.
Figure 8.11 lists some of the ITrelated managementrules that
should be observed by facilities
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management. Most of these rules
relate to more than one trade or
profession

for instance, space

planning andelectrical engineering

or computer operations, fire safety,

and building maintenance. It is
essential that the various trades and
professions concerned with the
construction, maintenance, and use
of buildings should make contact
and take account of one another s
concerns and contributions. It is the
task of the facilities manager to
ensure that they do so.

ppendi

he main developments in information technolo

A.01

[Rroeneton technology (IT) is a
generic term for computing,
telecommunications, and office

systems in business.

The rapid advances that characterise
the progress of IT are being driven

by developments in four

fundamental technologies on which
the subject is based. Developments
that occur at this level are

incorporated rapidly into commercial

computing, telecommunications, and
office systems products. In turn,
these products and services become
the basic enablers upon which
business applications are built.

In this appendix, we first describe
four fundamental technologies
influencing IT developments and the
evolution of IT products in the form

of computers and communications

facilities. Next, we describe the

application of IT to business under
five main headings.

|

Of all the advances in IT, the one
having the most impact onoffices,
and hence on office buildings, is
that of the personal workstation.
The way in which the workstation

will evolve over the next 10 yearsis

already reasonably clear. This
appendix is completed with a
glimpse into the future of the

personal workstation, and with a

Zo

Figure A.1

A typicaloffice

building

summary of the main areas of
uncertainty about IT in the context
of offices and buildings.

mn

Fundamental information technologies

Theevolution of information technology products
Applications of information technology
Thefutureuseof intelligent workstations
Some uncertainties about the future of information technology
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Fundamental information technologies

ie most fundamental information

Figure A.2
Computer-processing

technologies are semiconductor

engineering, computer architecture,
opto-electronics, and programming. .
All four are likely to continue
developing over the next 10 years

power has improved
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The new parallelprocessing computer

desgins promise
dramatic increasesIn

(and probably much longer) at rates
similar to those of the past,

power over

conventional single

although there will have to be some

processing designs

major innovations. Few fields
change as fast as IT, yet the main

developments can be confidently

tom

predicted because they will follow

from decisions and investments that
have already been made.
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Semiconductor engineering

Semiconductor engineering has been

the main driving force behind the

advanceof IT to date. Almost every
year since the late 1950s, engineers

have delivered a 30 per cent

increase in the processing speed of

the fastest chip and, more
importantly, a 30 per cent improvementin price/performance.

Engineering developments, together
with the use of new materials such

as gallium arsenide, provide scope
for further advances. There are,
however, both theoretical and
practical limits to these
developments. They are already
restricting growth, and the

restrictions will begin to become

acute for large computer systems
even within the next five years.
Computer architecture
For most of the past 30 years,
computer architecture has remained

wedded to the single-processor,

dumb-memory principle, first
formulated by John Von Neumanin

the 1940s. Design teams have, in the
meantime, introduced many new
features and exercised great
ingenuity, but the principle has
remained intact. Only fairly recently
have designers begun to depart from
this approach. On the one hand,
they have sought, in reducedinstruction-set computers, to make
processors simpler and faster by
providing fewer features. On the
other hand, they have begun to
connect large numbers, sometimes
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thousands, of simple processors into
complex parallel arrays to obtain
higher speeds. Parallel computers
are now the world s fastest
computers, as is shown in

Figure A.2, while smaller parallel
machines make the power of a
supercomputeravailable for the
price of a minicomputer.
Opto-electronics

As technology nears the limits of

electronics, engineers have begun to
develop opto-electronics, computing
with light. This is furthest
developed in the application of
optical fibres for long-distance
communication, but is already
assured of a very important place in
local communication. Moreover,

opto-electronics will become a

significant factor in computing
within the next 10 years.
Programming
It may seem oddto classify
programming as a technology.
Programming is, however, central to
the advance of IT. Not only is it
part of the definition of the (stored
program) computer, but also the
reason for the vast applicability of
IT. For the first time in history, the
function of a machine can be
changed without rebuilding it
simply by loading a new program.
Yet programming technology has
advancedonly slowly, and many of
the problemsthat bedevilled the
pioneers continue to plague today s

programmers.

Advances in programming have

818a

been of two kinds, which wecall
general and inspirational . General
advances, such as the development
of higher-level languages and
structured methods, are applicable

to all sorts of programming. General
advances have been due as much to

better managementas to better

technology, and although they will
continue, thereis little sign of any
breakthrough.

Inspirational advances in

programming are specific

innovations such as the spreadsheet

package, the word processor, and
the graphical interface. They make
some aspects of computer use much
easier and more productive, often

by allowing the user to avoid the
need to program in the

conventional sense. The flow of
such innovations will continue, but
it is hard to forecast their nature
and the rate of their development.

=e

The evolution of information technology products

Gsmputers may be divided,

Figure A.5

somewhat arbitrarily, into three

A typical LAN

configuration for an
office building
A configuration with a
local area network

broad categories: mainframes,

minicomputers and workstations. It

is commonplace for computers in all
three categories to be linked

(LAN) on each floor

and a high-speed
backbone LAN is
expected to become a

together through both local and
wide-area communications.
Figure A.3
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Mainframes

A mainframe is a general-purpose
computer able to manage a very
large volume of data for many
users. Requiring a dedicated
computer room, a mainframe can
process a mixture of batch work,

online transactions, and time-sharing
work. Existing ranges will continue
to develop, and new designs, based
on parallel architectures, will be
introduced over time.

Minicomputers
Compared with the mainframe,
minicomputers deliver more limited
services to a smaller number of
users, and are more tolerant of their
environment. Their evolution is

more difficult to foresee. The
performance of the largest

minicomputer is already comparable
with that of mid-range mainframes
and they are usedin similar ways,
although often by smaller
organisations. The main trend in
minicomputersis likely to be that of
specialisation. The deployment of
local area networks (LANs) will
create a market for minicomputers
especially designed to perform such
tasks as database management,
printing, and communications.
Workstations
Workstations sit on desks, and each
supports a single user.
By the year 2000, personal
workstations, each having 20
megabytes of memory and a power
of 30 mips (roughly the powerof a
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large mainframe today) will be
available for much the same price as

continuing move from analogue to
digital, increases in bandwidth, and

By 2010, the performance of a
personal workstation will equal that

Most business telephony is already

a personal computer (PC) of today.

of today s small supercomputer.

Displays will improve more slowly.

However,a resolution of 300 dots

per inch should be common by the

year 2000. This is comparable with
that achieved by today s desktop

laser printers, and will allow screens
to replace paper in many
applications.

The electric power demand (and

heat output) of a PC is greater than
that of a dumb terminal. Since the
first appearance of the PC, its
power demandhasfirst increased

and then declined, as shown in

Figure A.4. Because LANs enable
printers and discs to be shared by
many users, the power demand of
the average PC will continue to
decline somewhat, although the

growing power demandof the

shared equipment will offset this
trend.

The development of workstation
software will be marked by three
main trends
increasingly powerful
applications packages, the
emergence of a small number of
standards, and the ability of a single
workstation to provide access to a
wide variety of systems and
services, both local and remote.
Local communications
Local communications will see a

the wider adoption of standards.

switched digitally. Within buildings,
however, it is transmitted in the

formof analogue signals. The
introduction of private automatic
branch exchanges (PABXs)

compatible with the integrated
services digital network (ISDN) will
extend the digitisation of signals

downto the individual telephone.
Integrated services PABXs (ISPBXs)
will, in addition, offer digital
connections for non-voice
equipment.
Over the next 10 years, most
terminal support communications
will be replaced by LANs that

comply with International Standards

Organisation (ISO) standards. In the
office, the dominant standards will

be ISO 8802/3 (Starlan and Ethernet)
and 8802/5 (Token Ring). In a large

building, these local LANs will be
linked by a high-speed backbone
LANof the sort shown in
Figure A.5, to one another, to
departmental computers, and
perhaps, to a central mainframe.
Often the high-speed backbone LAN
will be based on optical fibre and
will comply with standards that are
now emerging for fibre-distributed
data interface (FDDI).

Wide-area communications

Wide area communications will, like
local communications, see a trend to

digital rather than analogue

operation, increases in bandwidth,
and the wider adoption of
standards.
Users will benefit increasingly from

the investments that British Telecom
(BT) and Mercury Communications
Ltd (MCL) are makingin opticalfibre transmission systems and their
ISDNs. These networks will support

high-speed digital transmission

services such as BT s KiloStream

and MegaStream. Users will benefit
from higher operating speeds
between sites, and lower costs,
especially for data communications.
Taken together with standards for
electronic mail and electronic data
interchange, these developments
will enable telecommunications to
replace letter post, telephony, and
to a lesser extent, meetings, for a
large proportion of business
communications. ISDN s most
important role will be to improve

the telephone system. ISDN will also

act as a focus for the development
of non-voice, interbusiness services,

such as high-speed facsimile and
electronic mail.

Applications of information technology

Figure A.6

Figure A.7
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The range of applications of IT will
increase considerably during the
next 20 years. Existing applications
will evolve, and new kinds of
application will appear. Office

applications will grow considerably
in importance.

Office applications may be divided

into four groups: transaction
processing, such as accounts, stock
control, and airline-seat
reservations; decision support,

including spreadsheet modelling and
information retrieval; office
automation, including word
processing, electronic mail, and the
creation of business graphics; and
engineering design systems,

including computer-aided design
(CAD).

Within each group, the overall
impact of IT will be to reduce the
need for people to perform routine
business processes, such as
distribution and manufacture,
leaving them free to concentrate on
exceptions, policy, and interpersonal
issues.
Transaction processing
In the future, businesses will be

linked together electronically,

enabling them to react more quickly
to the demands of their customers.
Electronic interbusiness links will
enable transaction-processing
systems in different organisations to
exchange information directly with
one another, rather than through
intermediate data-entry staff.
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The addition to transaction
processing, first of expert systems,
and later other forms of artificial

intelligence (AD), will further reduce
the need for direct human
intervention in many business
processes. The introduction of

image-management systems will
broaden transaction-processing
systemsto include diagrams,
photographs, and signatures.

Decision support
Decision-support systems will be
enriched in two ways
by the
wideravailability of high-resolution
colour displays, and the use of
techniques derived from AI to draw
attention to particularly significant

data, to suggest possible

explanations, and to propose courses
of action.
Higher capacity data stores
(especially optical discs) and new

methods of text analysis (running on
parallel computers) will extend the
analytical power of decision-support
systems to include text as well as
structured data.

Office automation
Better displays, higher-capacity
stores, more powerful computers,
and faster LANs will all be required
to integrate data, text, and image in
tomorrow s office systems. By the
year 2000, office systems will
generally be able to capture, create,
store, and retrieve compound
documents without the user needing
to consider the nature of the matter
to be manipulated.

Engineering design software
The introduction of Al-derived

techniques to engineering design

and analysis will lead to the

publication of design manuals in the

form of programs. Instead of looking
up a handbook, engineers will
simply ask for the guidelines to be

applied directly to their work,
thereby producing a critique, or
even a revised design. This approach

will be applicable to almost all forms
of professional work, including
computer-systems design and many
sorts of graphic design.

Integrated office systems
Thegreatest benefit of office
systems will result from integrating

all the technologies and systems
needed by staff to do their jobs.

Figure A.6 shows how multiple
systems and services may be
brought together to support
particular kinds of office worker.
This integration will become
increasingly common during the
next decade. For many office
workers, the personal workstation
will become the obvious tool for
communication, calculation, and
even ordering of thoughts for a
meeting or presentation.

The future use of intelligent workstations

Maen of the deployment of IT

over the next 20 years can be
foreseen in broad outline, In
particular, it is clear that powerful

intelligent personal workstations will

become the almost universal basis

for most office work by the year
2000. This developmentis coming

from two directions; from advances
that are occurring in workstation
from o other
and from
nology,, and
technology
technologies, such as document
scanning and the electronic

interchange of commercial data with
trading partners, that deliver

information across the corporate
networks to workstations.

nm)
Figure A.8
A British Telecom
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Figure A.9

Figure A.10
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Proliferation of workstations
At present, the ratio of workstations
to staff ranges from as low as 1:10

in some small organisations to as
much as 1.5:1 in a few very
exceptional cases. In most office
buildings, the ratio now stands

somewhere between 1:5 and 1:1 and
the penetration of workstationsis
increasing every year. Within five
years, the ratio will have reached
1:1 for office staff in many
buildings, including those that have

not been well served in the past.

Workstation penetration exceeds 100

per cent in someoffices (most

notably in offices housing software
development groups and financial
traders) because the staff there
need to access more than one
computer system or information
service.
It is obviously inconvenient to have

several workstations on one desk.
They take up space, and

transferring information between
them (to include results prepared on
one system in a report prepared on
another, for instance) is seldom

easy.

The technical problems are being
overcome by the development of
standards and gateways that allow
interworking betweendissimilar

systems. As these developments

advance, the financial balanceis
likely to swing in favour of
integrated workstations. As a result,
the penetration of workstations
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amongoffice staff is unlikely to
exceed 100 per cent over the next
five to ten years (as shown in
Figure A.11).

businesses will have to establish
standards for communications,
workstation processing, and user
interfaces.

The moveto intelligent
workstations

The sharing of resources

separate, central, or departmental
computer for processing power and

will be best met by high-speed

Today, most workstations are dumb
terminals (that is, they rely on a
data storage). Adding intelligence
costs relatively little, and the unit
cost of intelligence is set to fallstill
further. When the full costs of
mainframeaccess, resilience, and

spares are included, a group of
intelligent workstations may already
be less expensive than a similar

numberof dumb terminals with

their communications equipment.

Intelligent workstations are essential
for many of today s most innovative
applications. These include expert
systems, document image

processing, desktop publishing, and
mathematical modelling with
graphical output.

Intelligent workstations are likely to
replace dumb terminals on most
desks within five to ten years. The
intelligent workstation will combine
the functions of the dumb terminal
and the PC. It will provide both
local processing and access to
information and systems residing on
other computing equipment. In
order to ease the integration of
intelligent workstations into the
corporate IT infrastructure,

The communications requirements
of intelligent workstations will differ
from those of dumb terminals. They
LANs, allowing personal work-

stations to share printers, files, and

communicationslines, yielding
economies, resilience, and a base for

sophisticated future applications.
Workstations will also share
information held on minicomputers
and mainframes.

Someuncertainties about the future of information technology

Aitthough much of the future of IT

Figure A.14
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Local communications
During the past 10 years, datatransfer rates in local networks have
increased significantly. Speeds of

systems, and image processing.
Workstations connected to LANs
(and to shared servers, based
on workstation hardware) have

between PCs, and one million bit/s
or more between engineering
workstations. Speed requirements

the primary vehicles for
departmental systems.

several hundred thousand bit/s have
been needed for resource sharing

the potential to displace
conventional minicomputers as

will continue to grow, especially as
documentimage processing finds a

It is not yet clear, however, that
this potential will be realised. That

of voice into workstation systems

favours a more centralised

place in the office. The integration
will add a further impetus.

These high speeds can best be met
by LANs, and particularly by
optical-fibre LANs. However, the
moveto optical fibre, and especially

the standardisation of both fibres

and LANs, creates the possibility of
eliminating cable patching, and
possibly the associated
telecommunications closets as well.
Departmental computing
Computer power for departmental
computing can be provided, as
shownin Figure A.12, through a
mixture of personal workstations,
workgroup systems (which might be
based on either minicomputers or

LANs), and centralised mainframes
in specialised computer rooms.

At present, the low cost of
workstation computer power makes
intelligent workstations look
attractive, while their high speed
makes them ideal for such
processing-intensive applications as
document manipulation, expert
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is because a secondset of trends
approach, as is shown in

Figure A.13. One is that managerial
and professional workstations are
increasingly used to access data held
in central databases. Another is the
growing realisation that the most

effective office systems require the
integration of graphics, text, and
mainframe databases. Yet another
is that line departments, having
introduced minicomputers for
particular applications, are

seeking to transfer the operation
and control of these systems to their
information systems departments.

The future may well see an
oscillation between decentralisation
and centralisation in departmental
computing. At first, a growth in the
numberof personal workstations
may lead to the installation of LANs
and shared resources within the
office area. Later, this might be
followed by the introduction of
minicomputers to replace the
shared resources and, laterstill, a
migration of these systems into
computer rooms.

The growth of data storage
In most organisations, the amount of
data held online (usually on
magnetic discs) has shown a

relentless exponential growth for as
long as online computer systems

have been in use. Information

systemsstaff often assume that this

trend will continue indefinitely.

In many organisations, however, the

large majority of business transactions are already processed by

computer and held online during the
time they are needed for business
operations. Online storage volumes
often receive a further large boost
when the information about each
transaction is extended, and when
online times are extended to allow

the retrospective analysis of trends.
There is, however, a limit to the
degree to which this is useful.

In future, online storage volumes
will increase greatly as organisations
begin to deploy document image

systems. However,once all the

significant paper documents have
been captured, online volumes will
cease to grow as rapidly as in the
past, as is shownin Figure A.14.

In short, once the main data, text,
and image systems have been
implemented, there maybelittle
data left to computerise. In some
large organisations, this point is less
than 10 years away.
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CAD
Computer-aided design.
AI

Artificial intelligence.

Architecture, Computer

A computer architecture is a set of
principles specifying the general
functions of, and interfaces

between, the various hardware and
software components of a computer
system.

Backbone communications
network
Sometimes knownas primary
distribution
that part of the onsite communications network that
carries communications services
from their points of origin or entry
to the building to the spaces to be
served. In most buildings, the
backbone runs through risers and
between the risers, frame rooms,

and any computer rooms.

Balun
A device that converts the balanced
signalling used on a structured
wiring scheme to and from the
unbalanced signalling required by
many kinds of IT equipment
hence, balanced to unbalanced
convertor.
BMS

Building-management system.
BRE

Building Research Establishment
publishes authoritative works on
buildings.
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CCTV

Closed-circuit television.
Centrex

A service, offered in the United

Kingdom by BT and MCL, in which
business telephony services are
provided by exchanges controlled by
the service provider rather than by
the user s own PABX.
CIBS
Chartered Institute of Building
Services.
Closet/wiring closet
A room in which the primary,
backbone network is connected to
the secondary, horizontal
distribution.
Computer suite
A set. of rooms accommodating one
or more computers, with their
ancillary equipment and supervisory
staff.
Control bridge
A room in the computer suite from
which the operation of computer,
and sometimes, communications
systems, is monitored and

controlled.
CT2

Second-generation cordless
telephone system using digital
telephony.
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Distribution frame

A metal frame holding termination

blocks by which voice and data
cables are interconnected.
Document image processing

Gross external area
Area of building measured outside
perimeter walls and used for

planning applications.
Gross internal area

A technology which acquires, stores,

Area of building measured inside

business documents, in theoffice.

commonparts, such as service
cores, toilets, and plant rooms.

and presents images, usually of

dpi
Dots per inch, a measure of
resolution in printing and visual

displays.

Dumb terminal
A computer terminal with neither
processing power nor data storage of
its own.
ECMA
European Computer Manufacturers
Association.
EDI
Electronic data interchange.
Expert system
A computer program that embodies
the judgement of one or more
human experts.

perimeter walls, and includingall
HVAC

Heating, ventilation, and air
conditioning.

ICS

IBM Cabling System.
IEE
Institution of Electrical Engineers.

ISDN

Integrated services digital network.

Iso
International Standards
Organisation.
ISPBX
Integrated services private branch
exchange.

Fit-out
The process of installing services,
floors, ceilings, wall coverings, and
furniture within an otherwise
complete building shell.

Intelligent workstation
IT system intended for use by one
person at a time and having its own
processing power and memory. It
may be placed on the desktop or

Frame room
Room in which connections are
made between telecommunications
cables, including cables connected to
external services.

owndiscs, printer, and other
peripherals.

beside the desk and may haveits
LSF
Low-smoke and fumespread.

(
Glossary (continued)
LAN
Local area network.

Riser
Vertical shaft, connecting floors, in
which services can beinstalled.
Shell and core

Basic structure of walls, roof, and

Mechanical and electrical
engineer(ing).

floor slabs, and sometimes taken to
include central services suchaslifts,
toilets, power supply, HVAC plant,

Mercury Communications Ltd.

UPS

M&E

MCL

NIA/NLA

Net internal area/net lettable area
floor area, measured inside the
building, available to the tenant. It
excludes common parts, such as
service cores, toilets, and plant

rooms.

OFTEL

The Office of Telecommunications.

PABX

Private automatic branch exchange.
Patch frame
Distribution frame on which cables

can easily be connected ( patched )

to one another.

Presentation
The place at which cable-based
services (voice, data, and power)
can be accessed for the connection
of equipment. Usually a group of
sockets, sometimes located in an

outlet box.

PSTN
Public switched telephone network.
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and so on.

Uninterruptible power supply.
Usable space

Space in which it is possible for the
occupant to install his staff,
machines, and furniture, usually 80
to 85 per cent of the net internal

area, the balance being primary
circulation space.
VDU

Visual display unit.
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control 7.03
floors 6.05, 6.08
routes 4.08
Acoustics 6.03, 6.04

Adaptability 2.05, 4.02

Air circulation 5.10
Air conditioning 2.07, 5.10
Airline-reservation offices 5.06
Air space requirements 2.04
Architects 2.06
Artificial intelligence (AI) A.04
AT&T

wiring frame 8.03
Premises Distribution System

(PDS) 5.13, 7.06

Backbone communications networks

7.06, 7.07

Back-up facilities 5.02
Baluns 5.13, 8.04
Basements 4.05

Blinds 6.10

Block-wiring schemes 4.13
Blown-fibre technology 6.09
Branch Systems General Licence

(BSGL) 8.04

British Telecom (BT) 3.02, 4.04,

4.10, 7.06, A.03, A.05

blown-fibre technology 6.09
frame 8.03'
Open Systems Cabling
Architecture (OSCA) 5.13, 7.06

Broadband networks 4.11, 8.03
Broadgate House 4.03
Building control cabling 5.11
Building
cores 2.07
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costs 2.05
design teams 4.13
location 2.07, 3.01, 3.02
management 5.12, 8.05
new 2.06
services 4.03, 4.11

structure 4.01
usage patterns 2.04

Building-management systems (BMS)

2.07, 4.10, 5.11

Building-oriented systems 5.12
Building wiring

telecommunications 2.02, 4.07,
4.10, 5.18, 6.07
terrestrial 4.04
tertiary 6.08
types 6.09
underfloor layout 2.08

vertical 2.07
Cabling schemes 4.16, 5.13, 6.07,
6.09
space requirements 6.07

standards 5.13

structured 4.09, 4.11, 6.01, 6.07,

7.06, 8.03

evolution 7.06
Busbars 2.05

Carbon dioxide systems 7.05

Cables

Centralisation 4.11, 4.18, A.06

Business-oriented systems 5.12
Cable-management furniture 6.06
Cable-managementsystems 8.04
Cable risers, see Risers
backbone 7.06, 7.07

coaxial 4.10
copper 2.02, 4.05, 4.06, 6.09, 7.07
data 2.02, 4.07, 5.08
distribution zones 1.01

earthing 5.08
electrical 2.05
entry 2.07, 4.05

fire resistance 6.09
horizontal underfloor 2.07
layout plans 5.07, 8.04
management 4.11, 6.03, 8.01,

8.03, 8.04
optical fibre 2.02, 4.03, 4.05,
4,11, 4.13, 6.09, 7.07

overhead 2.07
patching rooms, see also Patching

frames, 2.02, 2.07, 4.13, 4.15,

4.16
routes 2.08, 6.08
size 4.11
space 4.10, 6.07

Ceilings 4.16, 7.02
Cellular offices 4.02, 6.02, 6.03,
6.04, 6.08
growth 4.02

Centralised processing 2.05, 4.13

Centrex 4.07

Ceramic sleeves 4.12
Closets, see Wiring closets
Coding facilities 4.03
Communications

backbone 7.06
local A.03, A.06

wide-area A.03
Communications risers, see Risers
Completion certificates 2.06
Computer architecture A.02
Computer centres, see also
Computer suites, and Computer
rooms, 4.04, 4.08
Computer powerratings 5.03
Computer processing power 2.02,

A.02, A.03

ratings 5.03
Computer rooms, see also Computer

suites, 4.08, 4.13, 5.02, 7.03,

8.02, A.06

mainframes 5.03
power5.02, 5.03

size 7.04

spaceallocation 4.08, 5.03
Computer storage capacity 2.02,
A.06

Computersuites, see also Computer

rooms, 4.07, 4.08, 7.01, 7.03
central 2.02
fire 7.04, 7.05
location 4.08
organisation 7.03
space allocation 4.08, 5.03
Computer-aided design (CAD) A.04
Computers
earthing 5.08
growth in demand 5.03
Control bridges 7.03
Convertors 5.13

Cooling facilities 2.02, 2.05, 2.07,
4.03, 4.13, 5.01, 5.02

growth in demand 5,03
Copper cables 2.02, 4.05, 4.06, 6.09,
TOU
standardisation 6.09

Cordless PABXs 6.09
Cordless telephones 6.09
CT2 6.09

Data cabling, see Cables
Data circuits 4.11
Data communications 2.02, 4.07,
4.11
Data patching frames, see Patching
frames
Data storage A.06
Data systems 7.07
Dealing rooms, see also Financial
services sector, 4.02, 4.10, 4.11,

5.05, 5.06, 5.10, 6.03, 6.07, A.04

DEC
DECconnect 5.13, 7.06, 7.08

Index (continued)
DEC (continued)

power demand 5.05
workstation A.05

Decentralisation 2.05, 4.13, A.06
Decision support systems A.04

Decision timing 2.07
Departmental computing 4.13, A.06

Depth 4.02

Design
decisions 2.07

integrity 8.05

teams 2.06
Desk space requirements 2.04
Desktops 2.02
Diffusers 6.10
Digital Equipment Corporation, see

DEC
Display resolution A.03

Distributed processing 4.13
Distribution
frames 4.05, 4.06, 4.07, 7.02
methods, horizontal 2.07
switchgear 2.07

zones 5.13

Diverse routeing 4.04
Document image processing 2.02,

2.03, 4.08, 4.08, A.04, A.05

effects on power consumption

5.05

resolution 2.02
Earth recall cabling 5.08
Earthing 5.01, 5.08
external 5.09
Eavesdropping, radiation 3.03
EIA, see Electronic Industries
Association
Electrical
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cables 2.05

interference 2.02, 5.01, 5.07
noise 6.08
power 2.02, 2.05, 5.01

screens 3.03

Electromagnetic radiation 3.03

surveys 3.03

Electronic data interchange (EDI)

5.13, 7.08, A.03, A.05

Electronic Industries Association

(EIA) 4.14, 5.13, 6.09, 7.07
Electronic interface units 5.13
Electronic mail 5.11, 5.13, 7.03,
A.03

Emergency stairs 4.09
Employment patterns 2.03
Energy conversion factors 5.02
Energy management systems 5.12
Engineering design systems A.04
Environmental control 4.03, 6.02,

7.03

Environmental hazards 4.08

Equipment rooms 4.03, 4.07
Ethernet 8.03, A.03
European Community 5.11

European Computer Manufacturers
Association (ECMA) 6.09, 7.07
Facilities management 2.08, 8.01
Facsimile A.03
False floors 6.08

Fibre-distributed data interface

(FDDI) 7.07 A.03
Fibre-optic cables, see Optical-fibre
cables
File servers 5.06
power consumption 5.05

Financial information services 4.10,

6.07

Financial services sector, see also
Dealing rooms, 4.02, 4.07

Fire 4.08, 4.13, 7.03, 7.04, 7.05,
8.05

detection systems 2.07, 7.04
extinguishers 7.05

load 4.05

prevention systems 2.07, 5.12
protection 4.16, 6.09
resistance 7.07
resistance, cables 6.09
walls 7.02

Fit-out stage 2.06
Flooding 4.08
Floors

access 6.08

boxes 6.05, 6.06

depth 4.02

false 6.08
penetration 4.12
plans 4.02
space requirements 2.04
Frame rooms, see also Distribution

frames, 4.05, 4.12, 7.01, 8.02

layout 7.02
location 4.06
size 4.07
Furniture 6.04, 8.05
layout 2.07

Generators 2.05, 2.07, 5.02
back-up 5.03, 5.06
diesel 5.06

Glare 6.10

Halon systems 7.05
Heat 5.10
detectors 7.05
dissipation 5.10
gains 5.10

IT 5.10

local control 5.11
Heating, ventilation, and air
conditioning systems 2.05, 5.10,

5.11

High bit-rate channels 7.02, 7.06,
7.07

Highly serviced zones 4.03, 8.02
Homework 2.03
Horizontal distribution method 2.07
HVACsystems, see Heating,

ventilation, and air conditioning

systems

IBM
Cabling System (ICS) 5.13, 6.09,
7.06, 8.03
PS/2 personal computer A.05

IEE, see Institution of Electrical

Engineers
Image processing, see Document

image processing

Industrial land values 3.01
Information technology (IT) 2.01,

A.O1

cabling contractors 2.06
consultants 2.06
equipmentspace allocation 2.07

evolution A.03

management rules 8.05
service spaces 7.01
small power demand 5.05

Installation 2.07, 8.03

Institution of Electrical Engineers

(IEE) 5.08

wiring regulations 5.08
Integrated Services PABXs (ISPBXs)

A.03

Integration A.04, A.06
Intelligent skin 5.10
Intelligent telephones 6.07
Intercoms 4.10
Interference 2.02, 3.03, 5.01, 5.07
International Standards Organisation

(ISO) 6.09,7.07, A.03

Interworking A.05

ISDN 2.03, 3.02, 3.03, 4.10, 7.06,
A.03

Index (continued)
ISO, see International Standards
Organisation
IT, see Information technology
KiloStream 7.02, A.03

Land values 3.01
LANs, see Local Area Networks
Lee House 4.02, 4.03
Lighting
controls 5.12

overhead 6.10
Lightning 6.01
arresters 5.09
conductors 5.09
Local area networks (LANs) 2.02,

2.04, 5.06, 4.10, 4.11, 4.13, 4.15,
6.07, 7.06, 7.07, 8.03, A.03, A.05
broadband 8.03

Local communications A.03, A.06
London Bridge 4.02
Low Smoke and Fumespread (LSF)
sheaths 7.04

Main distribution frames (MDF), see
also Frame rooms, 4.05, 4.06,
4.07
Mainframe computer room, space
allocation 5.03
Mainframe computers 2.02, 5.02,

A.03

Maintenance 8.04
Managementcontractors 2.06
Managementrules 8.05
Mechanical and Electrical (M&E)
engineers 2.06
Medialibraries 7.03
Meeting rooms 2.04
MegaStream 7.02, A.03
Mercury Communications Ltd (MCL)

3.02, 4.04, 4.10, 7.06, A.03
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Microcomputers, see Personal
computers

Microwave 4.04, 4.09
Minicomputers 4.03, A.03, A.06
space requirements 4.03

Multiplexors 4.03, 7.02, 7.06
Nameplate load 5.04
National Electrical Code (NEC) 7.07

Network cabling 4.10
Network-management systems 8.04
Network-terminating equipment 7.02
Networks, private-circuit 3.02
Noise management 4.03
Office automation A.04, A.06
Office

PABXs 4.05, 4.06, 4.07, 4.10, 5.08,
6.07, 7.02, 7.06, 7.07, 8.04, A.03
cordless 6.09
earthing 5.08
Integrated Services PABXs

(ISPBXs) A.03

replacement 4.07

Processing power 2.02, 5.03, A.02,

Patching frames 4.07, 4.13, 4.15
Patching rooms, see Cable-patching

rooms

OFTEL

Off-site storage 7.04

OFTEL 4.10, 6.07, 7.06

Open-plan offices 4.02, 6.02, 6.03,

6.04, 6.08

growth 4.02
Open Systems Cabling Architecture
(OSCA), see British Telecom
Optical-fibre cables, 2.02, 4.03, 4.05,
4.11, 4.13, 6.09, 7.07
Optical-to-electrical signal convertors
2.02
Opto-electronics A.02
Organisation of the future 2.03
Organisational structures 2.03
Owner-occupier development 2.06
Owner s manual 2.08
Ozone layer 7.05

Primary distribution spaces 7.06

Parallel computers A.02
Partitions 6.03

Paper storage 2.02, 2.04
Paper-handling areas 7.03

Power, see also Uninterruptible
powersupply (UPS), and Small
power, 5.02, 5.03, 5.04, 5.05,

power 5.04
scenery 6.01
Office sytems, see Office automation
Office of Telecommunications, see

Precabling 6.09
Premises Distribution Systems (PDS),
see AT&T

Paging 4.10, 7.06

lighting 6.01, 6.10

costs 2.03
layouts 5.11

telecommunications closets 7.08
wiring 6.07

Printers 7.03, A.03
heat dissipation 5.10

Personal computers 2.02, 2.04, 5.13
penetration 2.02, 2.04
Photocopiers
heat dissipation 5.10

buildings 2.03, 4.01

suppliers 2.07

power 5.05, 5.07
Plant rooms 2.07, 4.08, 8.02
5.06, 5.07, 8.05

clean 5.07

+ computer rooms 5.02, 5.03

cooling systems 2.05
demand 5.02, A.03
distribution systems 5.07, 6.07
electrical interference 5.07
equipment 5.03
failure 5.06
growth in demand 5.03
lines 3.03
mainframes 5.03

outlets 5.07

ratings 5.03
requirements 2.05, 2.07, 6.06
security of supply 5.06
shared machines 5.05

Private-circuit networks 3.02
A.03
Programming A.02
Project teams 2.06

Proprietary terminal protocols 8.03
Public address systems 5.12
Quantity surveyors 2.06
Radar systems 3.03
Radiated interference 5.07

Radiation 4.04, 5.07
electromagnetic 3.03

radio-frequency 3.03
Radio
communications 6.09
environment 3.01, 3.03

waves 3.03
Recabling 4.07, 4.10, 8.03

Records management 8.04
Reduced-instruction-set computers

A.02
Refurbished buildings 8.02

RISC, see Reduced-instruction-set

computers

Risers 2.07, 4.10, 4.16, 7.01, 8.02,
8.05

access 4.12
construction 4.12
cupboards 4.13, 4.15, 4.16
location 4.09
size, non-voice 4.11

size, voice and network services

4.10

Ropemaker Place 4.02
Sabotage 4.08

Satellites 3.02, 4.04
antennae 4.04, 4.09, 8.05
dishes 3.03
equipment rooms 4.13

TELECOM 1 3.02
Screed depth trunking 6.05
Screened cables 5.08
Screen resolution A.03
Secondary distribution

cable routeing 6.08

choice of cable type 6.09
requirements for cable space 6.07

Security 4.03, 4.10, 5.12, 5.14, 7.03,
8.05
powersupply 5.06

Semiconductor engineering A.02
Servers
power consumption 5.05
Service-entry cupboards 4.05

Service presentations
density 6.05

nature 6.06

Service provision 5.01
space allocation 5.01
Service spaces

IT 4.01, 7.01

plant-room 4.01
Services infrastructure 2.05
Shading, external 6.10
Shared machines, power
consumption 5.05
Shell-and-core stage 2.06, 2.07

Signalling speeds 4.13

Signalling systems 8.03
Sleeve and fire stopping 4.12
Sleeves, ceramic 4.12

© Butler Cox ple 1989

initial supplies 5.04

ultimate capacity 5.05
Smoke detectors 6.09, 7.05
Social areas 2.04
Space
allocation 2.04, 4.13
depth 4.02
planning 2.07, 6.02 6.03, 8.02
requirements 2.04, 2.07, 4.07,
4.08, 5.05
Speculative development 2.06
Stacking plans 2.07, 8.01

Staff, space requirements 2.04, 4.07,

4.10, 5.05, 8.05
Standards 4.14, 5.13, 6.09, 7.07,
8.03, A.03
Standard terminalsignalling schemes
8.03
Standby generators, see Generators

Star topologies 4.11, 6.09, 8.03, A.03
Storage

off-site 7.04
online 2.02, A.06

Storey height 4.08
Subcontractors 2.03
Sunar Race furniture systems 6.08

Supercomputers A.02

Surge arresters 5.09
Systems architecture A.06
System X 3.02
System Y 3.02
TELECOM1 satellite 3.02
Telecommunications

cabling, see Cables

closets, see Wiring closets
connections 4.03
entries 4.04
links 2.02

networks 5.02

services 3.01, 3.02
Telephones 4.10

cordless 6.09

earthing 5.08
Television 4.04, 4.10
Teleworking, see Homework

Terminal
penetration 2.04
protocols 8.03
support 4.10

Termination frames 2.07

Testing 2.07
Test jack frames 4.05

Token ring 4.15
Trading floors, see Dealing rooms
Transaction processing A.04
Tray width 4.11
Twisted pairs 4.06

Underfloor
cable layout 2.07

layout 2.08
trays/trunking 2.07
Uninterruptible power supply (UPS),
see also Power, 2.07, 2.05, 4.03,

5.02, 5.03, 5.06
Unistrut 7.08
Uplighting 6.10

Wide area communications A.03
Wideband communications 2.02
Wireless systems 6.09
Wiring closets 2.02, 4.06, 4.11, 4.18,
4.14, 4.15, 4.16, 7.01, 7.08, 8.02,
A.06
cable entry 4.16

construction 4.16
layout 7.08
lighting 7.08

location 4.14, 7.08
planning 4.13
size 4.15, 4.16
space allocation 4.16
Wiring regulations 5.08

Word processing 5.11
Workcentres 2.04
Workgroups 4.03
Working hours 5.11

Workstations A.03, A.05, A.06
cabling 4.11
heat dissipation 5.10
integrated A.05
intelligent A.05

penetration 2.02, 2.04, 5.05, A.05
power consumption 5.05
usage 5.05

Usable tray width 4.11

Utilities, future requirements 6.06
Vacuum cleaners 5.07
Vandalism 4.08
Ventilation 4.18, 5.10
Videoconferencing 4.04
Video services 4.11
Visual display units 3.03
Voice communication 6.07
Voice recognition 6.04
Von Neuman, John A.02
Water pipes 2.05
Water-sprinkler systems 7.05
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