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Preface

Structured cabl ing projects are complex in nature. Multiple drivers exist
with regards to budget, performance, l ifetimes and warranties together
with interfaces to bui l ding structure, architecture and services. Standards
are developed with the intent of providing owners, designers and
instal lers with a l evel of assurance on achieving intended objectives. But
standards al one are not enough assurance to guarantee success.

This book is dedicated to promoting a better understanding of the
drivers and the risks and project management issues affecting al l parties
involved in del ivering hol istic bui lding sol utions, including:

• those directly invol ved in the structured cabl ing industry;
• project sponsors who drive the requirements;
• construction industry professional s.

Often design and instal lation of structured cabl ing is incorrectl y viewed
as a very simple and straightforward activity – ignoring the l atent risks
that the IT and other tel ecommunications service infrastructures, which
rely on wel l designed and co-ordinated cabl ing, coul d underperform or
unknowingly burden the resulting operating expenses for the premises.

Such risks arise from a l ack of earl y project definition, inadequate ‘due
di l igence’ in relation to the more hol istic demands of service
infrastructures and ineffective governance during the project l ifecycle.
This often can be traced to a fai l ure to al locate appropriate resources,
ski l l sets and budgets to support the telecommunications objectives of
the project sponsor.

This is the first book to attempt to map out the issues, highl ight the risk
areas and offer guidance to those in the industry from professionals who
have first-hand experience of del ivering telecommunications
infrastructure projects over many years.
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Introduction

In the 1 980s, structured cabling evolved to provide a solution for the
delivery ‘to the desk’ of a wide variety of different information
technology (IT) ‘applications’ and telephony over a common cabling
infrastructure. Fortunately, this initial implementation of integrated
office networks to support IT and telephony services involved
personnel that had some knowledge of each other’s expertise and
were involved at a specific point in the construction or refurbishment
of buildings.

Within commercial premises, be they offices, industrial, retail, etc. ,
the range of services that can be delivered over structured cabling
has grown as the impact of Internet Protocol (IP) technology has
blossomed. The advent of wireless networking has not diminished
the role of structured cabling, as the cabled subsystems for the
wireless distribution networks use applications that are specifically
designed to be supported over structured cabling.

When matched to the recent standardization of power over Ethernet
(PoE) and PoE-plus, which is capable of providing approximately
25 W to each connected point, this growth has been fed by a
significant uptake in information communications technologies
(ICT)-application based solutions for building management and access
control systems.

This more recent integration of services over IP networks is generally
termed ‘convergence’, and it has a great many impacts on the
preparation, design, pre-construction and construction phases of
building projects.

‘Convergence’ provides the same economic opportunities enjoyed by
the IT community ‘to the desk’ via the use of common applications
based on a common cabling infrastructure. However, it presents the
construction industry with some serious challenges – and those
challenges are presented to personnel who are unlikely to be familiar
with the ICT world.

Network convergence forces the consideration of structured cabl ing into
al l the phases of a bui lding project, due not onl y to the type of services
the cabl ing wil l provide, but al so to the enhanced requirements for
space, electrical power and environmental control systems that may
result.

Telecommunications Cabling 1



The provision of power via a network connection presents a significant
opportunity for the network attachment of new types of devices,
including wireless access points, bui lding management equipment
(environmental control , access control ) and survei l l ance equipment (i .e. IP
cameras). Moreover, whereas the original use of structured cabl ing
al lowed mul tipl e networks and appl ications to be provided over a
common infrastructure in the IT domain, the use of structured cabl ing to
support different services, such as bui l ding management and access
control , generates the provision of multiple infrastructures using a
common set of components. The instal lation of these infrastructures wil l
need to be compl eted, and the networks may be required to be
operational at different times during the construction or refurbishment
of bui ldings. In addition, the operational responsibi l i ty of those
infrastructures wil l l ie with different parts of the organization, and this
introduces an additional level of complexity in the organization and
del ivery of cabl ing projects.

To summarize, the impact of convergence affects a wider community of
specifiers and trades, who have not been used to working together and
are not aware of the impact and timing of each other’s critical
decision-making ‘pinch points’ during the design and construction
processes.

This promotes the need for a new approach in the fol l owing areas:

• the safeguarding of spatial infrastructure in architectural design;
• the assignment of appropriate responsibi l i ties, l iabi l i ties and

warranties;
• streaml ining of procurement to plan ahead for ‘just-in-time’ and

‘wel l -before-time’ contracts;
• construction sequencing with respect to early beneficial use of the

tel ecommunications infrastructure;
• correct management of an orderl y commissioning process;
• requirements for operational support with appropriate

documentation.

Guidel ines and statements of best practice are beneficial to those
organizing the cabl ing infrastructure projects and the infrastructures that
interact with those cabl ing systems. This book provides information to
those trades, such as architects, quantity surveyors and main contractors,
that wi l l have to work alongside ICT or, more accuratel y,
tel ecommunications professional s, and who need to grasp the impact of
tel ecommunications cabl ing infrastructures that have now become
commonplace, if not mandatory, in every type of premises, ranging from
offices to apartment bl ocks, shopping centres to airports.

Introduction
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NOTE: This edition of the document does not address homes (which are covered in

a separate publ ication (PAS 201 6), avai lable free of charge) but does cover

multi -tenant premises of al l types, including commercial , residential and mixed-use

premises.

Telecommunications technology trends are trul y international , and this
book has been created for an international audience, whil e respecting
the nature of national or l ocal regul ations. In order to address this global
readership, the considerations of the book are given in the fol lowing
order: the UK, other countries within the European Economic Area served
by the EuroNorm system and, l ast but not l east, emerging markets such
as those in the Middl e East and Asia-Pacific.

The early chapters provide a basic introduction to structured cabl ing and
the development of convergent technologies, and provide a foundation
for al l readers, as fol l ows:

• Chapter 1 : The need for structured cabl ing.
• Chapter 2: The use of cabl ing standards within bui l ding design.
• Chapter 3: The impact of convergence in IP networks in the bui lt

environment.

The later chapters provide more targeted information related to specific
aspects of construction projects, as fol lows:

• Chapter 4: Organizing cabl ing projects.
• Chapter 5: Mapping business requirements to design objectives.
• Chapter 6: Design strategies and methods.
• Chapter 7: Identifying and managing technical risks.
• Chapter 8: Identifying and managing administrative risks.
• Chapter 9: Operational and management issues.
• Chapter 1 0: Project cl ose-out.

NOTE: Appendix A contains a bibl iography of al l the standards mentioned in this

book.

Introduction
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The fol lowing matrix provides a mapping which indicates the rel evance
of each of these chapters to those involved in the bui lding design and
construction processes.

4 5 6 7 8 9 1 0

Project
Sponsors

• • ≈ • ≈ • •

Project
Managers

• • ≈ • • ◊ •

Architects • ≈ ≈ ≈ • ◊ ≈

Bui l ding
Services
Engineers

• ≈ • • ≈ ◊ ≈

Tel ecommuni-
cations
Consul tants

• • • • • • •

Other
special ists

◊ ≈ ≈ ≈ ◊ ◊ ◊

Quantity
Surveyors

◊ ◊ ◊ ◊ • ◊ ◊

Cabl ing
Instal l ers

◊ ◊ ◊ • ◊ • ◊

Key
• Essential
≈ Recommended
◊ Optional

A l arge number of standards have been publ ished to assist the industry
professional involved in the specification and deployment of structured
cabl ing, independent of its subsequent use, but the rel ationships
between such standards and local and national regul ations are not
al ways clear, even for tel ecommunications professionals. These standards
are introduced as required within the chapters but more detai led
information on their use is provided in Appendix A: Standards review and
bibl iography.

Appendix B: Tel ecommunications Overview provides detai l s of the various
implementation sol utions appl icabl e for each service. The types of service
and sol utions are subject to continual evolution, and new options may
become avai lable that are not considered in the appendix.

Introduction
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Key terms

Telecommunications and IT - the terms ‘tel ecommunications’
and ‘information technol ogy’ or ‘IT’ are used somewhat
l iberal ly and, to some degree, interchangeabl y. In the early days
of structured cabl ing, ‘IT’ tended to refer to
computer-to-computer communication, and
‘telecommunications’ general l y suggested telephony (i .e.
person-to-person communications). H owever, the move towards
digital communications has blurred the boundaries of ‘IT’ (e.g.
a voice-over-data (VoIP) service is the province of ‘IT’).
Moreover, the term ‘tel ecommunications’ has grown to
encompass al l forms of communication incl uding voice, video,
data, etc. This book focuses on the impact of this increasing
coverage of ‘tel ecommunications’ over structured cabl ing.

Telecommunications networks are combinations of equipment,
cabl ing and the associated transmission protocol s used to
del iver particular services to a user.

A given network, such as Gigabit Ethernet, may involve the use
of a number of different Gigabit Ethernet appl ications to
distribute the service it carries from one place in the premises
to another. For exampl e, 1 000BASE-SR (optical fibre) may be
required between fl oors in bui l dings, whereas 1 000BASE-T
(bal anced cabl ing) woul d be used to the work areas in those
bui l dings.

Services - the type of service that a network provides general ly
fal ls into the fol l owing categories:

• ICT (information communications technologies) – including
tel ephony and recognized data networks;

• BCT (broadcast communications technol ogies) – focusing on
TV;

• CCCB (communication, command and control in bui l dings)
or BAS (bui l ding automation systems) – used to control
bui l ding environment, access control , etc;

• PMCA (process monitoring, control and automation) used
to control industrial production and simi lar equipment.

Applications are the transmission protocols used to del iver a
particular service.

Introduction
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1 The need for structured cabl ing

This chapter provides an overview of the history of structured cabling
from its inception to the latest impact of PoE. It provides readers that
are new to the topic with basic information, and introduces some of
the concepts that influence the demand for structured cabling in
commercial, and residential, premises.

It makes reference to the following standards:

• European: [BS] EN 501 73-2, [BS] EN 501 73-6 (in preparation).
• International: ISO/IEC 1 1 801 .
• North American: ANSI/TIA-568-C-1 , IEEE 802. 3 series.

Appendix A contains a detailed bibliography.

Copper or, more correctl y, balanced structured cabl ing within office
premises designed in accordance with the minimum requirements of the
recognized standards (BS EN 501 73-2, ISO/IEC 1 1 801 or ANSI/TIA-568-C-1 ),
provides a cabl ing infrastructure capabl e of supporting a wide range of
appl ications up to and incl uding Gigabit Ethernet (1 000BASE-T). The use
of higher performance balanced cabl ing components, beyond the
minimum requirements of the standards, provides support for 1 0 Gigabit
Ethernet (1 0GBASE-x appl ications). The incorporation of optical fibre
within the infrastructure extends that support to 40 and 1 00 Gigabit
Ethernet (40/1 00GBASE-x appl ications).

This wide range of appl ication support provides such structured solutions
with the al ternative title of ‘generic cabl ing systems’.

Two additional factors now extend the opportunities offered by generic
cabl ing – firstl y, the integration of wireless networks as extensions to the
cabl ing; and, secondly, the recent standardization of PoE, sometimes
referred to as PoE-plus, specified to provide up to approximately 25 W to
each connected device.

Telecommunications Cabling 7
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1 .1 A history lesson

I t i s difficul t to imagine what the world of work would be l ike without
the advent of easi l y re-configurabl e office networks. Before the advent of
structured cabl ing, it was normal to find that office premises would
contain mul tipl e IT and telephony cabl ing sol utions, each of which woul d
normal ly serve only one type of network. Many corporate organizations
were often required to support in excess of ten different networks, each
one operating with different service level agreements and from different
suppl iers.

I t would have been too expensive to provide fl ood wiring of al l the
necessary cabl ing sol utions. As a resul t, making moves and changes to the
working, personnel and networking environment would have required
mul tipl e phases of re-cabl ing before any such move coul d have been
made – one company would have been summoned to provide cabl ing for
new telephone extensions, another to provide new outl ets for the
cabl ing of the 1 0BASE-2 coaxial cabl ing Ethernet network (and maybe
another would be needed for that part of the work group served by the
corporate 4 Mb/s Token Ring network).

This ad hoc cabl ing approach was very expensive and dramatical ly
restricted the operational flexibi l ity of business managers in terms of the
opportunities for deployment of personnel , effective space uti l ization and
ease of network evolution.

Equal l y importantl y, the networking industry began to be highly
competitive, and it was rapidly real ized that the devel opment of
networking appl ications that operated over a common cabl ing sol ution
would accel erate the uptake of new networks, whil e a customer’s abi l i ty
to undertake moves and changes woul d encourage growth of the
networking market as a whol e.

The sol ution was provided by structured cabl ing as shown in schematic
form in Figure 1 and Figure 2; a series of interconnected subsystems
containing passive components (i .e. cables and connectors), al lowing
rapid re-configuration at the junctions of those subsystems (distributors),
coupl ed with guaranteed transmission performance between the
connection points using a mixture of bal anced and optical fibre cabl ing.

1 .2 Infrastructure lifetime

The subdivision of premises cabl ing into subsystems interconnected either
by patching or by networking equipment provided an opportunity to
redefine the comparative l ifetimes of the tel ecommunications
infrastructure.

1 The need for structured cabling
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Cabl ing that feeds the end-user (i .e. the horizontal cabl ing in Figure 1
and Figure 2) is general ly the most costly to re-instal l – primari ly due to
the quantity of cabl ing required and the accessibi l i ty of the pathways
that contain the cabl ing. As suggested in 1 .1 , the use of ad hoc cabl ing
effectively coupled the l ifetime of the network to that of the cabl ing.

The advent of structured cabl ing has divorced the l ifetime of the network
from that of the cabl ing – although the extent to which this is true
depends on the cabl ing subsystem being considered.

A typical l i fetime profi le of a horizontal cabl ing subsystem, feeding an
end-user, is shown in Figure 3. The devices connected to the networks
have an expected l ifetime of 3 years, whereas the networks
interconnecting those devices may be reviewed on a 5-year basis. The
abi l i ty of structured cabl ing to support evolving networks provides it with
an expected l ifetime of at least 1 0 years (according to the relevant
standards). Underpinning al l of the above, are the expected l ifetimes of
the spaces and pathways within the bui ldings, which can have l ifetimes
extending beyond 20–30 years.

Figure 1 – Structured cabling topology for offices

1 .2 Infrastructure lifetime

Telecommunications Cabling 9



Figure 2 – A schematic of generic cabling within a single-tenant office
building

Figure 3 – Lifetimes of horizontal infrastructure

1 The need for structured cabling
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The situation differs within backbone subsystems, where the pathways
within and between bui ldings also have l ifetimes in the range
20–30 years but the comparative costs of re-instal l ation of backbone
cabl ing are significantl y lower than those of the subsystems that feed the
end-user.

Moreover, the technol ogical devel opments in backbone networks tend to
demand more ‘l eading-edge’ cabl ing solutions, and occur at a more rapid
pace than those to the end-user and tend to require more regular review
of the cabl ing infrastructures instal led.

1 .3 Market development by standardization

The suppl y of networking equipment is natural l y a gl obal business, and
international standards are necessary to ensure interoperabi l i ty. Those
groups, such as IEEE, responsible for the development of network
standards (and the various appl ications that del iver those networks) l ook
to cabl ing standards to ensure that marketing and technical
devel opments are in l ine with each other’s objectives.

Within office premises, the current relevant cabl ing standards are
[BS] EN 501 73-2 (in Europe), ISO/IEC 1 1 801 (at international level ) and
ANSI/TIA-568-C-1 (devel oped in North America). The cabl ing structures
and performance requirements defined by these standards are, whi le not
being identical , very much al igned.

Networks targeted at the del ivery to the end-user (e.g. within the
horizontal cabl ing subsystem in accordance with [BS] EN 501 73-2,
ISO/IEC 1 1 801 and ANSI/TIA-568-C-1 ) tend to be impl emented using
cabl ing technology options that have been standardized for an extended
period and for which there is a substantial instal l ed base. This approach
maximizes the opportunity for mul tipl e network evol utions within the
l ifetime of the cabl ing.

By comparison, the networks intended for use within backbone cabl ing
subsystems or special areas, such as data centres, are less constrained by
concerns over the instal l ed base. These networks tend to establ ish the
‘l eading-edge’ cabl ing sol utions in support of the fastest networks.
However, these cabl ing sol utions tend to be instal led in the end-user
subsystems, providing them with a potential l ifetime even further
decoupled from today’s networks.

This twin-track approach has al l owed the networking standards to evol ve
in a control led manner, safe in the knowl edge that there is an instal led
base of cabl ing with which to interconnect the various networking
components.

1 .3 Market development by standardization

Telecommunications Cabling 1 1

http://dx.doi.org/10.3403/30141466U
http://dx.doi.org/10.3403/30141466U


Key terms

Space - a room or some specified volume that contains
elements of the telecommunications infrastructure. Spaces are
connected by pathways.

Pathway - within this book, the term ‘pathway’ is used to
describe the route that cabl ing takes between ‘spaces’.
‘Pathway’ is a comparativel y vague term that provides an
indication of that route (e.g. ‘overhead pathway’ or ‘underfl oor
pathway’).

Pathway system - defines the route of the cabl ing within a
pathway. It may be a defined ‘cable management system’, or a
route (perhaps marked by painted or physical boundaries).

Cable management system - i s a pathway system of a specific
type which is instal led specifical ly to support cables within a
pathway. Examples include conduit (circul ar ducts), duct,
trunking and tray.

1 The need for structured cabling
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1 .4 Corporate reorganization

The structured cabl ing ‘revol ution’ that came about in standardized
networks operating over standardized cabl ing caused the roles of the
various in-house networking support teams to be reviewed. Gradual l y,
the concept of the ‘data’ team and ‘voice’ team, each of which was
responsible for their infrastructure, was replaced by a central
telecommunications uti l i ty which managed a common infrastructure.

1 .5 The growth of structured cabling

Al though structured cabl ing began in commercial business premises (i .e.
offices), standards now exist in al l three international regions for the
specification of structured cabl ing in data centres, industrial premises,
and even homes (see Chapter 2).

The services supported in the office and data centre standards are those
of the traditional ICT domain del ivered by ICT appl ications. The industrial
premises standards added a new type of service provision, sometimes
cal l ed PCMA (process control , monitoring and automation).

Homes added two more l ayers of service provision that had to be
supported by structured cabl ing – bui l ding management systems and
CCCB.

The need to support PCMA, BCT and CCCB services provided the
opportunity for structured cabl ing to support certain PCMA, BCT and
CCCB appl ications.

NOTE: Information on the difference between services and appl ications, and an

explanation of the meaning of ICT, BCT, PCMA and CCCB, is provided in the

Introduction.

Over the last 1 0 years an increasing number of services from outside the
boundaries of traditional ICT services have been del ivered using ICT
appl ications. The best and most immediately recognizabl e example of this
concept is the use of broadband deployment to the home and Ethernet
networks in the home to provide BCT services to computers rather than
televisions (although an increasing number of tel evisions are now being
sold with ICT appl ication interfaces such as 1 000BASE-T).

However, this exampl e, albeit val id, tends to focus on the high
bandwidth aspects of ICT service del ivery.

1 .5 The growth of structured cabling
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Key term

Power over Ethernet (PoE or IEEE 802.3at) - al lows the del ivery
of power over two or four pairs of balanced (twisted) cables of
Category 5 (and above), whil e simultaneously del ivering an
Ethernet IP network of 1 0, 1 00 or 1 ,000 M bit/s. There are two
variants of IEEE 802.3: type 1 , which is capabl e of providing
1 2.95 W to each connected device (using 350 mA per cable
pair); and type 2, which del ivers up to 25.5 W to each
connected device (using 600 mA per cable pair and is termed
PoE-plus).

Sometimes different power level s are mentioned: for example,
the power supply feeding each connected device is required to
provide 1 5.4 W and 34.2 W for types 1 and 2, respectivel y.

It shoul d be noted that products are avai l abl e that provide
substantial ly more power, with appropriate increases in current
level s, and their compl iance to IEEE 802.3at is a matter of some
discussion.

Equal l y important is the extension of those ICT appl ications from the
office floor to less bandwidth-hungry systems that require remote
powering. The introduction of POE-plus, as specified in IEEE 802.3at,
provides a pl atform for a rapid increase in the type of services del ivered
over structured cabl ing, and extends the range of equipment supported
by the IP networks with which POE-plus i s integrated (i .e. 1 0BASE-T,
1 00BASE-T and 1 000BASE-T).

The abi l i ty to provide remote power to devices as diverse as cameras,
sensors and actuators as wel l as to more traditional networking
equipment extends the rol e of structured cabl ing to support bui lding
management systems (BMS) for access and environmental control . It is
this advance more than any other that provides the chal l enge which this
book addresses.

A future European (and therefore British) standard, [BS] EN 501 73-6, is
being devel oped specifical ly to support the extension of structured IT
cabl ing components to service distributed bui lding services, typical ly
those enabl ed by PoE and POE-plus.

1 The need for structured cabling
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2 The use of cabl ing standards
within bui lding design

This chapter provides an overview of the standardization that has
been undertaken to ensure the proper function of structured cabling
and the services that it delivers.

These standards go far beyond the simple choice of components –
they influence key constructional issues, such as space allocation and
electrical power demands, while providing support mechanisms
during the contractual stages of specification and construction.

By explaining both the existence of, and the opportunities offered
by, the standards, this chapter underlines the need for architects to
employ telecommunications specialists with an understanding of
these standards at the earliest stages of projects – just as specialists
are engaged for other aspects of building design.

Appendix A contains a detailed bibliography.

There is always a risk of a significant divide between the experts who
produce standards, who are general ly clear on their intent, and the users
of the standards, who are frequently less than clear on how the
standards should be appl ied.

Commercial pressures can lead to multiple responsibi l ities being placed
on persons del ivering, owning or managing infrastructures. Such
pressures can present difficulties in the appl ication of standards with
regard to their:

• technical requirements;
• recommendations;
• inter-relationships with mandatory regulations.

This situation is certainly prevalent in the field of structured cabl ing, and
wil l only be exacerbated as network convergence presents structured
cabl ing to a wider range of specifiers and trades – as the types of service
the cabl ing has to support widen in l ine with trends for ‘convergence’.

This chapter addresses the appl ication of cabl ing standards throughout
bui lding design and construction. As discussed in Chapters 5 to 8, it is
vital that a telecommunications special ist with an understanding of these
standards is employed at the earl iest stages of a project, in order to
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minimize critical technical and administrative risks by applying cabl ing
standards to best effect such that the end-product ful fi l s the project
sponsor’s stated objectives.

NOTE: The telecommunications special ist has much wider responsibi l ities than

simply structured cabl ing.

I t i s al so critical to understand the l imitations of cabl ing design and
instal l ation standards. The cabl ing design and instal lation standards
certainly act as pl anning guides to the telecommunications special ist, and
they do ful fi l a rol e as a qual ity assurance mechanism at the point where
the cabl ing instal l er may be contracted to instal l an infrastructure – to
verify that appropriate spaces and pathways exist at that time.

The standards cannot, and are not intended to, specify or control the
management of the overal l design process, where a number of special ists
coordinate to optimize competing demands for space and infrastructure.

The use of cabl ing standards, in their own right, cannot safeguard
against changes being made to volumes designated as
tel ecommunications spaces or pathways within bui l dings under
construction. This latter aspect is the rol e of standards in the more
general area of construction, and is addressed specifical ly in l ater
chapters.

2.1 Understanding standards

2.1 .1 The role of standards

Standards are general ly written to define a minimum set of requirements
to which a product, system or service can cl aim conformance.
Conformance to certain standards relating to safety is mandatory, when
invoked in legislation. However, telecommunications cabl ing design and
instal l ation standards do not fal l within this group of standards (see
2.1 .5), but have been devel oped to address specific aspects of the design,
instal l ation and operation process, as shown in Figure 4. This shows the
areas covered by European and international cabl ing standardization,
and standards generated in the North American region may have a
sl ightl y modified approach, which is covered in more detai l in Appendix
A.

2.1 .2 The national application of regional standards in
Europe

European standards are al most always endorsed by countries that are
invol ved in their development (under European regul ation). They are
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designated as ‘XYZ’ EN XXXX, where ‘XYZ’ is the nomencl ature of the
national standards body. In the UK the relevant body is BSI and standards
are therefore prefixed by ‘BS’.

NOTE: It should be noted that an EN itself is not a document that can be

purchased – only the various national implementations are offered for sale in

Engl ish, German and French, or as translated in the language of the national body.

International standards which are endorsed by national bodies (this is not
an automatic process) are also designated with a prefix as ‘XYZ’
IEC XXXXX, ‘XYZ’ IEC XXXXX or ‘XYZ’ ISO/IEC XXXXX.

International standards are documents that can be purchased even if they
are al so publ ished as national standards

Al l standards referenced within this book which are endorsed by BSI and
avai l abl e as a British Standard are shown with the prefix ‘BS’.

Figure 4 – The role of cabling standards
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Certain international and European standardization documents are
publ ished which do not qual ify for the status of ‘standard’. In many cases
these documents contain onl y recommendations, or are necessari ly
provisional in nature. They are usual l y publ ished as Technical Reports or
Technical Specifications, and may al so be adopted by national bodies. In
the UK they are usual ly identified by the prefix ‘BS PD’.

2.1 .3 Requirements

All the recognized structured cabl ing design and instal lation standards
specify requirements by the word ‘shal l ’. Over the years, any misleading
words such as ‘it is vital to … ’ or ‘it is essential to … ’ have been removed.

It is necessary to meet al l the ‘shal l s’ in a standard, apart from the
occasions where a conformance clause renders the appl ication of certain
groups of requirements as options.

2.1 .4 Recommendations

All the recognized structured cabl ing design and instal lation standards
specify recommendations by the word ‘shoul d’, or by stating that ‘it is
recommended to … ’.

They act as guidance or even ‘best practice’ but, as expl ained in 2.1 .1 ,
these go beyond the concept of minimum requirements and, as a result,
recommendations are never a means of conformance to a standard.

NOTE: There are occasions when a recommendation contains a requirement. A

simple example could be that ‘an object should be painted red. If so, the colour

shal l be RAL 301 4’. This means that it is not required to paint the object red (it

could be any colour) – however, painting it red introduces a previously hidden

requirement.

2.1 .5 Mandatory application of standards

As explained in 2.1 .1 , cabl ing design and instal l ation standards are not
mandatory from a l egal perspective unless conformance to them is
incl uded within a commercial contract.
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1 8 Telecommunications Cabling



Background information

Standardization silos

There are three standards organizations which produce
standards for tel ecommunications cabl ing infrastructure. The
North American region produces ANSI/TIA standards. The
international arena is catered for by ISO/IEC, and the European
Economic Area is provided for by CEN/CENELEC. Each group acts
as a standardization ‘si l o’ – rarely referencing the standards in
another si lo.

The ANSI/TIA cabl ing design standards demand the use of
ANSI/TIA pl anning and instal l ation standards. Simi larl y,
countries under the CEN/CENELEC umbrel l a are required to
adopt the CEN/CENELEC texts as national standards – therefore
European cabl ing design standards demand the use of
European cabl ing instal l ation standards. This leaves the
international arena as being a good place to attempt to sort
out difficul t technical standardization issues, in the ful l
knowledge that their solutions may not al ways be reflected in
the other regional standardization si l os – therefore to a l arge
extent, ISO/IEC acts as another regional body.

In most cases, instal lation standards for structured cabl ing
within a region reference the rel evant electrical instal l ation
standards for that region. As the electrical instal l ation
standards are non-transferabl e outside that region, it is strongly
recommended that the choice of standardization si l o shoul d be
based on the appl icabl e el ectrical instal lation regimen in the
country that the instal l ation of structured cabl ing wil l take
place.

Although this restricts the use of instal lation standards outside
their sphere of infl uence, it does not prevent the appl ication of
design standards from another region – but the remit of those
design standards must be careful l y tai lored to prevent
unintended consequences. In particular, great danger exists in
applying design standards that contain:

• hidden requirements beyond the abi l i ty or responsibi l ity of
those to which they are appl ied;

• hidden requirements that are not able to be appl ied
outside the standard’s original or intended sphere of
influence.

2.1 Understanding standards
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2.2 Cabling standardization

2.2.1 Scope

Design standards appear, on the surface, to offer a simple means of
specifying a sol ution to a procurement probl em. It is certainly true that
when one purchases a mains power suppl y plug that conforms to
BS 1 363, one has every right to expect a single product that is compatibl e
with al l relevant sockets and that is safe to use. In contrast, when
something as complex as a telecommunications cabl ing infrastructure is
being designed, there are a number of options bui l t into the standards
which can render one person’s design substantial l y different to an equal l y
conformant design produced by another person.

Within a given type of bui l ding (offices, industrial unit, etc.) a design
standard wil l provide a range of different cabl ing technol ogies, from
which the specifier has to sel ect the most appropriate. Once this has been
done, the minimum requirements for the components and the instal led
performance are specified – as are the methods of inspection and test,
contained in the rel evant commissioning standards.

Instal l ation standards dictate the production of the detai led specification
and planning of the instal lation, incl uding the qual ity assurance aspects,
in addition to the instal lation practices that are to be empl oyed. In this
respect, instal l ation standards define responsibi l ities both for the specifier
and the instal l er.

Instal l ation standards are even more compl ex than design standards,
because al l conformant instal lation practices rel y on conformant
instal l ation specification planning. This division of responsibi l ity between
specifiers, pl anners and instal lers has been addressed in instal lation
standards publ ished by CEN/CENELEC, and to an even greater extent in
the UK. Figure 4 al so shows that instal l ation standards may also include
operational aspects of the tel ecommunications cabl ing, including
maintenance and repair. The reason for this is that there are critical
decisions within the specification and planning process that directly affect
the operabi l ity of the resul ting infrastructure.

2.2.2 Cabling standardization roles

There are three groups of standards-making bodies, as shown in the
standardization matrix given in Figure 5. Detai ls of al l these standards are
provided in the bibl iography in Appendix A. The design standards
produced by the European, international and North American standards
bodies general l y cover the same types of premises, incl uding offices,
industrial units, data centres and homes.
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Figure 5 – The telecommunications cabling standards matrix showing
regional silos

Given that there are so many seemingly equivalent standards at the
design, commissioning, instal lation and operational levels, it is sometimes
difficult to determine a way forward. However, there are two golden
rules that provide a considerable degree of simpl ification – but the
appl ication of these rules requires a telecommunications special ist to
identify the electrical (power) wiring standards rules, regulations or codes
that are to be appl ied to the project.

2.2 Cabling standardization
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NOTE: In some countries the electrical (power) wiring standards appl ied may vary

from project to project, and this provides a further justification for applying the

rules below.

• Rule 1 : the electrical (power) wiring standards rules, regulations or
codes define the telecommunications cabling installation standards
that should be applied ; i .e. if the el ectrical wiring standards are
based on the European HD 60364 series (as they are in the UK), the
appl icabl e cabl ing instal lation standards are the [BS] EN 501 74 series
and [BS] EN 5031 0 – independent of the design standard used.
Whereas, if the el ectrical wiring rules in a l ocation are based on the
various North American el ectrical codes, then it is advisable to appl y
the instal lation standards for that region l isted in Figure 5.

• Rule 2: the basic requirements of cabling design and commissioning
standards can be applied anywhere; i .e. the fundamental
requirements for cabl ing structure, component and cabl ing
transmission performance can be taken from any design standard
and used in any country. H owever, to be contractual ly watertight it is
best to appl y the design and commissioning standards that match the
regional or national nature of the instal lation standards to be
appl ied.

Fai lure to fol l ow these rul es risks the instal l ation becoming contractual ly
difficul t to manage due to confl icts in design and specification.

Within the area covered by CEN/CENELEC standards, and to an even
greater extent in the UK, the standards devel opers have made significant
efforts to clarify the role of the cabl ing design and instal lation standards
and to l ink them by internal ‘normative references’ – meaning that the
conformance demands of one standard automatical ly include the
conformance demands of others.

This has been undertaken to simpl ify the appl ication of the standards –
but sti l l requires the user to have a detai led knowl edge of their
requirements.

2.2.3 UK standards

The UK automatical ly implements EuroNorm (EN) standards as national
standards by the addition of the BS prefix, as shown in Figure 5. In
addition, the UK has retained and devel oped its own national standards
to support the instal lation of tel ecommunications cabl ing, which
mandate the appl ication of the BS EN standards. For example, BS 6701
appl ies additional requirements in the form of the [BS] EN 501 74 series of
instal l ation standards and configures the use of those standards for the
UK environment – making reference to the UK el ectrical wiring
regulations, BS 7671 .
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The UK is a world-l eader in efforts to simpl ify the referencing of
standards by l aymen and experts al ike. This is much appreciated and
supported in the European standards bodies that have been working
hard for the l ast 7 years to ensure that they produce the simpl est possible
interrelationships between their standards. The UK always has the
opportunity to introduce a National Foreword to Euronorms before their
publ ication as British Standards. In the case of the premises-specific
cabl ing design standards in the [BS] EN 501 73 series, the national
foreword additional ly appl ies BS 6701 for the instal lation of such
infrastructure designs. This has resul ted in the interlocking set of
standards shown in Figure 7.

As expl ained earl ier, cabl ing design and instal l ation standards are not
mandatory from a legal perspective, unless conformance to them is
included within a commercial contract. There is considerabl e confusion

Figure 6 – The UK telecommunications cabling standards system
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with regard to certain standards rel ating to safety. For exampl e, in the
UK, BS 7671 (Wiring Regulations, 1 7th edition) is assumed by many to be
mandatory because the word ‘regul ations’ is mentioned in the title.
H owever, there is no l egisl ation that demands conformance to BS 7671 –
but any defence against l itigation may require the defendant to prove
that the practices undertaken were equival ent to those of BS 7671 .

I t wi l l be noted that Figure 6 incl udes a reference to standards for
functional bonding. [BS] EN 5031 0 contains requirements for
equipotential bonding to minimize the interference that the
switched-mode power suppl ies (which are common within transmission
equipment) introduce on to earthing networks – which can affect the
transmission performance of the tel ecommunications infrastructure.
[BS] EN 501 74 standards mandate the appl ication of [BS] EN 5031 0, and
tel ecommunications and electrical system designers need to work cl osely
to ensure that its requirements are appl ied.

2.3 Separation of responsibil ities

A key aspect of the planning and instal l ation standards shown in Figure 7
is the cl ear separation of responsibi l i ties between the specifier/pl anner
and the instal l er.

2011 . e-Ready Building Limited

Figure 7 – The interlocking nature of UK telecommunications cabling
standards
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BS 6701 and the [BS] EN 501 74 series of standards go to great lengths to
identify who is responsible for which aspect of the process. Ul timately,
the standards define two separate responsibi l ities – those of the premises
owner (who can delegate them as required to architects, consultants,
tenants, etc. ) and those of the instal l er.

The specification and planning of an instal l ation are clearl y defined as
being the responsibi l ity of the premises owner (or the del egated
authority). This al location of responsibi l i ty reflects the complexity and
importance of defining the correct technol ogy solutions for
infrastructures and ensuring adequate accommodation for them within
bui l dings. No instal l er can implement standards-conformant instal lations
without the architect having provided the adequate vol umes for spaces
and pathways in the bui l dings. In extreme cases, the l ack of appropriate
accommodation wil l not onl y affect the conformance of the instal l ation
to the rel evant standards, it may al so affect the maintainabi l ity,
reparabi l i ty and operabi l i ty of the entire telecommunications
infrastructure.

2.4 The boundaries of standardization

2.4.1 Legislation

Al l cabl ing standards are subject to national and l ocal l egisl ation – an
example of local legisl ation is that appl ied by l ocal authorities for certain
types of premises, such as those for which the l ocal authority provides an
‘operating l icence’ (e.g. places of publ ic entertainment). Standards do not
take precedence over ‘law’, and the conformance requirements of al l
recognized cabl ing standards clearl y state that any such legisl ation shal l
be appl ied.

Of particul ar importance is where standards are thought to merge, to
some extent, with l egisl ation. One example of potential confusion is the
issue of electromagnetic compatibi l ity and the various national
impl ementations of the European Union l egislation, known as the
‘El ectromagnetic Compatibi l i ty (EMC) Directive’. To be cl ear:

• telecommunications equipment carrying the relevant CE mark is
required to meet the el ectromagnetic emission and immunity
performance defined in specific product standards;

• the type of cabl ing over which that performance has been achieved
has to be specified by the equipment suppl ier;

• for each type of cabl ing, the planning and instal lation standards such
as [BS] EN 501 74 series and ISO/IEC 1 4763-2 contain requirements and
recommendations (covering instal l ation practices including

2.4 The boundaries of standardization

Telecommunications Cabling 25

http://dx.doi.org/10.3403/BS6701


segregation/separation as explained in 7.1 .3) intended to maintain its
emission and immunity performance to support the rel evant
tel ecommunications equipment.

This situation is summarized in the structured cabl ing design standard
[BS] EN 501 73-1 , where it states that:

… generic cabling is a passive system and cannot be tested for EMC compliance

individually. Application-specific equipment, designed for one or more cabling media,

is required to meet relevant EMC standards on those media. Care should be taken that

the installation of any of those media in a cabling system does not degrade the

characteristics of the system. The installation methods of EN 50174 series should be

used to minimize the effect of electromagnetic disturbances.

The tel ecommunications special ist is therefore required to select cabl ing
types and performance level s that support the equipment to be instal led.
Where, typical ly, the actual equipment is not known at the time when
the cabl ing sel ection has to be made, then it is recommended that the
sel ection is based on the widest range of probabl e equipment solutions.
Fol l owing instal l ation of the cabl ing, the national legislation
implementing the EMC Directive demands that the attachment of the
appropriate equipment to the cabl ing maintains the emission and
immunity performance of the fixed instal l ation (which combines the
equipment and cabl ing).

Another example of this is the sel ection of components with particular
fire performance characteristics. It is expected that, by July 201 3,
tel ecommunications and power cables traded across borders within or
into the EU wil l be required to be assessed for conformance to a fire
performance class in accordance with the EU Construction Products
Regul ations. H owever, in general , any direction as to where the various
cables may be used within a bui lding wil l be a matter for national
l egisl ation.

2.4.2 Specific practices in building trades

As structured cabl ing sol utions are being appl ied to an increasing number
of bui l ding services, there is a point where the legacy practices associated
with those trades, either by law or custom and practice, either prevent
the ful l impl ementation of a standard or serve to amend those
requirements. Examples of such practices are the prevention of sharing of
pathway systems or the col ours of cables.
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2.4.3 Industry-specific practices

Very few standards can cl aim to be trul y universal (i .e. ful ly appl icable in
al l circumstances). For exampl e, standards such as EN 501 73-1 provide
environmental classifications (termed MICE, expl ained in detai l in Chapter
6), which cover a wide range of premises yet expl icitl y exclude such
extreme environments as might be encountered in areas within
hazardous instal lations such as nuclear plants, etc.

2.4.4 Customization within industry sectors

Certain industry sectors (e.g. petrochemical and rai lways) apply local
regul ations or codes of practice. In addition, insurers may appl y specific
requirements, which also act as premises-specific codes of practice.
Designers should to ensure that these regul ations/codes of practice meet
the minimum requirements of the standards, in order to avoid technical
risks or future l itigation. More detai ls are provided in Chapter 6.

2.4 The boundaries of standardization
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3 The impact of convergence in IP
networks in the bui lt environment

This chapter provides more details on the ‘convergence’ concept and
its impact on the spaces and pathways required to support its
implementation.

The chapter provides clear warnings that ‘convergence’ does not
automatically mean ‘consolidation’, and that ‘common infrastructure’
does not mean ‘shared services’.

References are provided to real-world examples of convergence,
common infrastructure and shared services that
non-telecommunications professionals can relate to.

This chapter makes reference to the following standards:

• British: BS 8492.
• European: [BS] EN 501 73-1 , [BS] EN 501 73-2, [BS] EN 501 74-2.
• International: ISO/IEC 1 1 801 , ISO/IEC 1 4763-2.
• North American: ANSI/TIA-568-C-2, IEEE 802. 3at.

Appendix A contains a detailed bibliography.

‘Convergence’ is the term used to describe the trend towards an
ever-increasing use of IP as a means of communicating between devices –
and the ever-increasing range of devices that wil l use IP to communicate.

As the most common methods of del ivering the information between
IP-enabl ed devices are based on the Ethernet appl ications used for office
networking, the immediate and obvious impact on the cabl ing
infrastructures within bui ldings is the use of a standards-compl iant set of
cabl es and connectors – and the potential to adopt common, although
possibly separate and overlaid, cabl ing infrastructures.

J ust as structured cabl ing has provided a pl atform for mul tipl e
networking solutions in the ICT sector, convergence is able to take
advantage of structured cabl ing to provide BCT, CCCB and PMCA services
such as those shown in Figure 8. The recent standardized support for
applications such as 1 0/1 00/1 ,000 Mb/s Ethernet (1 0/1 00/1 000BASE-T) to
del iver up to 25 W of power to connected devices has l ed to a rapid
increase in the number and type of devices, and the functions that they
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provide have also rapidly increased. This does not bode wel l for those
bui lding automation, access and environmental control systems that
continue to use proprietary cabl ing systems.

The use of common components brings with it the obvious economies of
scal e in terms of procurement costs. H owever, the concept of common
cabl ing structures produces a number of col l ateral impacts that require
consideration as part of the bui l ding design – the ‘devi l is in the detai l ’.
In particular, the separate ambitions of system integrators that wish to
use those components and take part in the design process of the
common infrastructure do not al ways act in the best interest of the
architect – it is critical that a special ist with a good understanding of the
impact of convergence is employed at the earl iest stages of a project in
order to take control and manage the competing demands.

3.1 Introducing convergence

Convergence forces structured cabl ing, in some form, into al l parts of a
bui lding. For example, external wal ls or perimeter fences may feature
IP-enabled cameras for survei l lance and access control , cei l ing spaces wil l
contain connection points for wireless access points, and environmental

Figure 8 – BCT, CCCB and PMCA telecommunications services
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sensors and control systems wil l require connection to management
systems. In addition, a variety of al arm systems may al so need to be
considered and implemented.

Whil e it is true that the quantity of cables and connection points
required to support al l these new ‘converged’ services may be l ower than
that necessary for the provision of IT services to the workplace (the
‘original ’ structured cabl ing), they have the potential to significantl y
influence the bui l ding design and construction process.

In order to understand the ful l impact of convergence, it is important to
be cl ear about the terms we use. For the purpose of this book, the
objective of convergence in relation to structured cabl ing should best be
described as being ‘the use of a set of standards-compl iant cabl ing
subsystems’.

This is not the same thing as having a common set of components –
al though there wil l be some commonal ity. Figure 9 shows the types of
balanced cabl ing components and instal l ed cabl ing specifications
specified in the recognized cabl ing design standards as being required to
support the hierarchy of Ethernet appl ications.

Figure 1 0 shows an exampl e of a bui lding served by three separate
structured cabl ing systems – al though in practice there may be more than
three. For exampl e, service 1 coul d be conventional IT service, service 2
could be the environmental control system, and service 3 coul d be the
access control system for the bui l ding. The structure of each system is
identical to that discussed in Chapter 1 – with the services being fed from
a buil ding distributor to a set of fl oor distributors to a multitude of
service connection points on each floor. H owever, the performance of the
cabl ing for the different services may not need to be the same.

It is certainly true that in the cabl ing subsystem between the fl oor
distributors and the various service connection points, the instal l ation of
Class D cabl ing (according to European and international standards) or

Figure 9 – Typical telecommunications services
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Category 5e cabl ing (according to ANSI/TIA) using Category 5:2000 or
Category 5e components, respectively, wil l provide a suitabl e base for
appl ications up to Gigabit Ethernet (1 000BASE-T) and supporting PoE in
accordance with IEEE 802.3at. This would be perfectly adequate for
environmental and access control systems.

However, the IT cabl ing may be targeted to support 1 0GBASE-T (1 0
Gigabit Ethernet), which demands higher performance cabl ing
components. Whil e this appl ication may be a desirable objective for the
IT cabl ing to the workpl ace, it is unl ikel y to be necessary for the control
of the other bui l ding services, and to instal l the higher performance
cabl ing everywhere may be unnecessari ly expensive.

Simi larly, this does not automatical l y mean sharing of physical spaces or
pathways, and certainl y does not impl y the mandatory sharing of

Figure 10 – Multi-service structured cabling
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cabinets between different services. Such decisions are operation – rather
than technology – rel ated and are discussed in more detai l in 3.3.

3.2 Competition in convergence

I t i s a mistake for architects to assume that convergence of
tel ecommunications services over a common infrastructure means that
responsibi l i ty for designing and planning that infrastructure can be
automatical l y passed to a system integrator that is an expert in the
provision of any one of those services.

For exampl e, an organization with expertise in the impl ementation of IT
infrastructures may have a good understanding of pathways and
pathway systems to support the distribution of IT services to the desk,
but may have l ittl e knowledge of the equipment accommodation
demands of BMS. Simil arly, access control system designers wil l be
experienced in the management of their systems, including the
positioning of sensors and actuators, but wi l l tend to be unaware of the
planning of pathways systems or which components to select to del iver
l eading-edge IT solutions.

Simply using a common infrastructure based on standards-compl iant
components within defined subsystems does not make each system
integrator an expert in the other’s fiel d. H owever, whil e the cl aims made
by the competing integrators may be very persuasive, the architect must
retain control of the project – by means of an appropriate qual ified
tel ecommunications expert – particul arly in rel ation to the bui lding
volumes al l ocated to spaces and pathways as described in 3.3.

3.3 Building accommodation to support
convergence

3.3.1 Rooms and cable routes

The most important issues for bui lding design and construction relate to
the use, by mul tipl e structured cabl ing systems, of common spaces and, in
part, common pathways. As shown in Figure 1 0, the distribution of the
cabl ing for the different services on the fl oors may involve the use of
paral lel pathways. For example, the cabl ing distributed to users for
desk-based connectivity may be served from a network of under-fl oor
pathway systems, whereas BMS may be routed above cei l ings. H owever,
there wil l be points of aggregation where cabl ing for the different
systems comes together (such as entry points into the rooms housing
shared cabinets etc. ) or in routes between distributors (risers, etc. ). In
these areas of aggregation it woul d tempting to consider the total
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predicted quantity of cabl ing and to apportion the required space to the
chosen type of pathway system necessary to support that quantity.

Key questions that need to be addressed are, for exampl e:

• Are the bui lding distributors co-l ocated, i .e. accommodated in and
sharing the same room or space?

• Are the fl oor distributors on each fl oor co-l ocated?
• I f spaces are shared, is it desirable for the different cabl ing systems to

be presented in the same cabinets, rack or frames?
• Are the cables running into and between the spaces that

accommodate the distributors contained in the same pathways – or
even within the same pathway systems or cable management
systems?

The European cabl ing instal lation standard [BS] EN 501 74-2 and the
international standard ISO/IEC 1 4763-2 contain requirements and
recommendations for the planning of spaces used to house the cabinets,
frames or racks for al l forms of tel ecommunications cabl ing.

The minimum size of any room housing cabl ing and equipment is
recommended to be 3.2 m × 3.0 m and the space al l ocation increases
with the number of cable terminations contained within that space.
Therefore, the sharing of rooms and, going even further, the sharing of
cabinets across the mul tipl e services, as shown in the exampl e in Figure
1 0, can have a substantial impact on the space al located to the total
cabl ing infrastructure. Specific examples of the improvement in space
uti l ization in bui l dings which results from convergence are detai l ed in
3.3.3.

Both [BS] EN 501 74-2 and ISO/IEC 1 4763-2 al so contain requirements and
recommendations for the minimum dimensions of pathway systems
required to support a given quantity of cabl es, and include appropriate
al l owances for growth (which is general ly inevitabl e between initial
specification and final implementation). Using single pathway systems
that are sized according to the total quantity of cabl ing across the
multiple services provided by converged networks may increase the risk
of damage to cabl ing if the bui ld schedule results in multiple instal l ation
phases of cabl ing instal lation. Specific exampl es are detai l ed in 3.3.3.
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3.3.2 Room sizes

Figure 1 1 i l lustrates the impact of sharing of spaces by the distributors
for three separate systems, as exempl ified in Figure 1 0, dimensioned in
accordance with the recommendations of [BS] EN 501 74-2 and the
ISO/IEC 1 4763-2 to house the fol l owing:

• a service 1 cabl ing distributor serving 300 terminations and
associated equipment;

• a service 2 cabl ing distributor serving 1 25 terminations and
associated equipment;

• a service 3 cabl ing distributor serving 75 terminations and associated
equipment.

If the three services were provided in separate rooms or spaces, the fl oor
space used woul d be approximatel y 29 m 2 (3.2 m × 9 m) as shown in
Option A. If the three services were housed in the same room, as shown

Figure 1 1 – Options for space sharing

3 The impact of convergence in IP networks in the built environment

34 Telecommunications Cabling

http://dx.doi.org/10.3403/02166092U


in option B, the standards recommend that the room be 3.2 m × 6.0 m
(approximately 20 m2). This represents a 30 per cent space saving and
would sti l l provide each service with its own dedicated cabinets (with
access control s as required). Going one stage further, as shown in Option
C, woul d require sharing of the cabinets themselves in a room measuring
approximatel y 1 0 m2 (3.2 m x 3.0 m), which would del iver a 66 per cent
space saving.

Cl early, the sharing of spaces across cabl ing systems maximizes the
usabi l ity, in economic terms, of the remainder of the space in the
bui l ding. The rel ease of economical l y productive space is a significant
factor in any discussion of convergence, but a number of other issues
have to be considered, including:

• Space assumptions: while Figure 1 1 shows a typical configuration for
a floor distributor or smal l bui lding distributor in terms of
termination points for IT, environmental control (service 1 ) and access
control (service 2), the physical vol ume of the equipment associated
with each service can vary dramatical l y. For exampl e, the transmission
equipment (switches and, where appropriate, PoE equipment)
typical l y uses a simil ar amount of cabinet space to that used by
termination points. However, the equipment associated with other
services may use significantly more cabinet space per termination
point, and this l imits the total possible reduction in al located fl oor
space. Services such as environmental control and access control have,
in the past, used power suppl ies instal l ed local to their sensors and
actuators to maintain function. One impact of convergence and PoE
moves the provision of uninterruptible power suppl ies (UPS) into the
distributors, and the space taken up by this equipment must not be
overl ooked.

• Fire safety: BS 8492 recognizes the potential for tel ecommunications
cabl ing to spread fire unl ess appropriate actions are taken – which
may be summarized as either creating effective fire compartments
throughout the bui lding or selecting cabl ing materials with
appropriate fire performance (these may be appl ied in combination).
The fire performance approaches for different telecommunications
services, in terms of fire compartmentation and cabl ing product
selection, may differ, and the sharing of spaces between different
services may impose modified requirements on some of the cabl ing
infrastructures accommodated within those spaces. It shoul d be
noted that BS 8492 recommends the use of fire compartmentation as
the preferred sol ution, as opposed to product selection, and this
requires the effective maintenance of fire barriers and control of
fire-stops that are used to reinstate such barriers fol lowing their
penetration by pathways and pathway systems (see 3.3.3).

• Building construction: the sharing of spaces across different bui l ding
services may l ead to complexities of instal l ation pl anning and
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contract management where the schedul ing of the works is required
to provide the cabl ing for the different services.

• Operational issues: the question of sharing spaces, or even cabinets,
is a fundamental matter of which functions the cabl ing systems serve
and how the bui lding is going to be operated by the project sponsor.
For exampl e, the sharing of cabinets, frames or racks across different
services may be unacceptabl e to the project sponsor due to data
security concerns.

3.3.3 Pathway and pathway system cross-sections

There are a number of different types of pathway system, some of which
uti l ize pre-manufactured cabl e management systems, such as tray, basket,
l adder, duct and conduit. [BS] EN 501 74-2 recommends that, during initial
planning, the initial quantity of cables shoul d not use more than 40 per
cent of the usable cross-sectional area within the chosen pathway
system – subject to the fol l owing definition for usable cross-sectional
area:

• for uncovered pathway systems and cabl e management systems (e.g.
tray, basket), cabl es are not instal l ed above the sidewal ls;

• bends in the pathway systems may restrict the usable space,
depending on the specified bend radi i of the cable to be instal led;

• for non-enclosed pathway systems to which cables are to be attached
or supported (e.g. by catenary wires or designated routes), the
cross-sectional area shal l be considered to be the minimum avai l able
area surrounding the pathway system.

Using the exampl e of the distribution cabl ing in options B and C in
Figure 1 1 , a total of 500 cables need to be accommodated at the entry
point to the room. Assuming a typical effective cross-section of 36 mm 2

for each cabl e, this cabl e entry requires a total cross-sectional area of
1 8,000 mm 2, which, with a 40 per cent upl ift added in accordance with
the pl anning recommendations of [BS] EN 501 74-2, requires a pathway
system of cross-sectional area of 30,000 mm 2.

I f each cabl ing system was treated separatel y, the total cross-sectional
area required would be the same, but it woul d be partitioned in three
separate pathway systems of 1 8,000 mm2 for the 300 service 1 cables,
7,500 mm2 for the 1 25 service 2 cables and 4,500 mm 2 for the 75 service 3
cables.

[BS] EN 501 74-2 requires that, where cable is to be instal led in shared
pathways, precautions shal l be taken to avoid damage to existing cabl es
or structures within those routes. So, whi le the standard does not
promote any space-saving benefit resulting from treating the cabl es as a
singl e group, it does require that care shal l be taken if the cables are to
be instal l ed in mul tipl e phases.
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H owever, the problem of mul tipl e instal lation phases within a pathway
system is not restricted to the risk of cabl e damage. [BS] EN 501 74-2
requires that fire barriers and gas seals shal l be opened only when
necessary and reseal ed on compl etion of works – because it is recognized
that tel ecommunications cabl ing penetrates many fire compartments, as
it is distributed across a bui lding, and the transfer of fire across those
boundaries can result in catastrophic reduction in the overal l fire
protection of the bui l ding.

Whi le it is recognized that the formal establ ishment and assessment of
fire-stops to retain fire barrier performance is commonly a
post-compl etion task, the repeated removal of fire-stops and subsequent
reinstatement of barriers during multi -phase cabl ing instal lations requires
particular control , and may demand the implementation of additional
contractual responsibi l i ties, possibly with third parties.

Changes in fire regul ations al so have to be taken into consideration. The
recent introduction in the UK of sel f-certification by premises owners (or
a del egated authority) places an increased burden on architects, and has
raised the profi l e of fire performance as a design and construction issue.
This is reflected in an increased number of standards and simil ar
documents. In the UK, BS 8492 discusses the design options avai l abl e to
telecommunications infrastructure designers, and has particul ar
importance for those planning fire compartments within bui l dings.

3.4 Space, convergence and service level
agreements

While 3.3.2 discusses potential savings offered by total convergence, it
has to be recognized that, whi le the services may be converged, it is
probable that the contractual responsibi l i ty for the management of
service del ivery may be subject to a number of different service level
agreements – and via different service providers.

Whi le 3.3.3 highl ights the concerns in relation to risks during the
instal lation of cabl ing in shared pathway systems, the operational (i .e.
chronic) aspects of mul tipl e service l evel agreements may have a longer
term impact. As a result, the risks associated with disputes over access to
the shared infrastructure shoul d not be underestimated.

3. 4 Space, convergence and service level agreements
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4 Organizing cabl ing projects

This chapter addresses the two primary drivers of building planning
and design – form and function. By prioritizing ‘form’ ahead of
‘function’, architects and associated entities risk delaying the
involvement of telecommunications specialists to a point where
revision of building designs to support the required
telecommunications function is either extremely costly or impractical.
In contrast, this chapter explains how the early involvement of
telecommunications specialists can simplify the planning, design and
construction process while producing a building that provides the
required added value and meets its business objectives.

While recognizing that this represents a challenge to conventional
approaches for building planning, design and construction, one clear
objective of this chapter is to allow telecommunications professionals
and building professionals to see the organization of cabling projects
with building construction from each other’s perspective – to the
ultimate benefit of all.

This chapter makes reference to the following standards:

• British: BS 6701 , BS 8492, BS 7671 .
• European: [BS] EN 501 73-5, [BS] EN 501 74 series, [BS] EN 60825-2.

Essential reading for: Project Sponsors, Project Managers, Architects,
Bui l ding Services Engineers, Telecommunications Consultants

Optional reading for: Other special ists, Quantity Surveyors, Cabl ing
Instal l ers

Appendix A contains a detailed bibliography.

Given the importance of telecommunications to the business function
fol lowing compl etion of a bui lding project, it is virtual ly impossible to
consider the organization of telecommunications cabl ing projects as
being separate from the overal l organization of bui lding projects.

There are many recognized, de facto standard, approaches to the
organization of the bui l ding preparation, design and construction phases.
This document recognizes the Royal Institute of British Architects (RIBA)
Work Stage approach as shown in Figure 1 2. However, independent of
which approach is selected for a particular project and the degree of
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service convergence to be appl ied it is critical that the organizational
approach introduces the appropriate telecommunications special ists early
in the project. This wil l minimize the risk of irreversible decisions being
taken – particularly those relating to space al location and electrical
power provision which enable the overal l telecommunications investment
(typical ly orders of magnitude greater than that of the structured
cabl ing) to del iver the desired business objective.

This justifies a detai led review of the relative priority of form and
function, but where function takes priority, as it should in most
commercial premises (almost irrelevant of their possible iconic status),
such early involvement of telecommunications special ists is critical to the
degree of added value attained during the operation of the bui lding.

4.1 Project definition

For the purposes of this book, projects are classified as new bui ld,
refurbishment or network upgrade.

Figure 1 2 – RIBA Work Stages and the implications of function over form

4.1 Project definition
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New buil d or refurbishment may be undertaken as either a ‘specul ative
bui ld’ project or as a ‘designed to requirement’ project in response to a
defined requirement formul ated by, or on behal f of, the project
sponsor – see Chapter 5 for further detai ls.

4.2 Function over form

Special ist, telecommunications-based bui l dings such as data centres
obviously focus on ‘function’ and involve telecommunications special ists
at the RIBA ‘preparation’ phase, as shown in Figure 1 2. Such involvement
is critical to ensuring that the pl anning submissions are correctl y
prepared, calculated and justified in relation to the physical impact of the
bui l ding on its environment (and vice versa through risk of flooding, etc.)
together with its electrical power demands and environmental control
sol utions.

At the other extreme, an iconic bui lding such as a museum may focus on
‘form’ to the detriment of function – only considering the demands of
tel ecommunications infrastructure later, and in some cases too late, in the
project.

Data centres

Data centres exist within most buildings

Most architects now consider data centres to be purpose-bui l t
faci l i ties accommodating data storage, processing and
transmission equipment with high-performance connections to
the outside world. Such bui ldings are demanding in terms of
power and environmental control systems.

However, cabl ing standards such as [BS] EN 501 73-5 and cabl ing
professional s consider any spaces, within any type of bui lding,
that contain data storage, processing and transmission
equipment that provide data which is subsequentl y carried over
the distribution cabl ing within the bui lding (or via cabl ing
external to that bui l ding) to be a data centre.
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This definition extends the architects’ definition, and according
to it most bui l dings accommodate one or more data centres –
at the very least containing servers or private automatic branch
exchanges (PABXs). How much power these spaces use, and if
they require environmental control , depends upon their size
and intended function. This definition is in accordance with
that appl ied by the EU Code of Conduct for Data Centre Energy
Efficiency.

Data centres are recognized as, in many cases, substantial users
of energy, not only to power the equipment they contain but
to provide the cool ing systems required to operate that
equipment in a rel iabl e manner. The objective of making data
centres as energy efficient as possibl e impacts the design of the
power distribution systems, the l ayouts of the spaces and the
environmental control systems used.

H owever, virtual ly al l premises do have a space that contains the
functional aspects of a data centre – which acts as the engine room of
bui lding control , business activity (for commercial premises) or service
del ivery (in the case of museums). The integration of infrastructures for
the data centre and data distribution, which are further impacted by the
intended degree of service convergence, suggests that a fai l ure to
consider ‘function’ as a prime driver at the ‘preparation’ phase wil l result
in a bui lding that fai ls to del iver the required added val ue for its
occupants. Remedial design works to recover the situation tends to be
more expensive than investment at the ‘preparation’ phase. For example,
data centres that are incorrectly sized or are located in an inappropriate
part of a bui l ding wil l incur substantial costs to re-design or re-l ocate.

In order to maximize the added val ue provided by a correctly pl anned,
specified and constructed telecommunications infrastructure, it is critical
for a project sponsor to understand the value of ‘function over form’.
Architects and those in related professions shoul d understand the need
to del iver that added val ue during the operational l ife of the bui lding.

Without such an understanding, the traditional approach to
‘preparation’, ‘design’, ‘pre-construction’, etc. , as shown in Figure 1 2,
fol lows an automatic sequence of professional actions that may not ful ly
del iver the required objective. For example, according to the RIBA Work
Stage schedule, special ists are first involved at Stage C, as shown in
Figure 1 2, but even this is somewhat misleading.

If the form of the bui lding is the main priority, the special ists are more
l ikely to be architects rather than technologists. It woul d be more
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common for the telecommunications special ists to be consul ted at Stage
E or even F – much too late to infl uence the ‘preparation’ phase.

If, in contrast, the project sponsor focuses on the function of the
bui l ding, then a modified approach is critical . An obvious example of
function taking precedence over form is in retai l , warehousing or
manufacturing. In such cases, conformance to standards is a factor in the
eventual usabi l ity of the bui l ding.

Whether the bui lding is specul ative or is ‘designed to requirement’,
telecommunications special ists need to be involved in the very early
stages (e.g. RIBA Work Stages A/B), as shown in Figure 1 2, to ensure that
the correct apportionment of space and faci l i ties or conformance to
standards.

4.3 Project leadership and coordination

4.3.1 Roles and responsibil ities

For new-bui ld and refurbishment projects, the ownership/leadership rol e
wi l l general l y rest with the ‘estates’ function due to the capital nature of
the projects. The ‘estates’ or ‘faci l ities’ function traditional ly manages
bui l ding spaces, bui lding services and the capital projects associated with
them – this automatical ly gives them operational responsibi l ity for
bui l ding management systems (BMS).

An integrated telecommunication strategy requires the involvement of
two other critical operational responsibi l ity areas: information systems (IS)
special ists – also termed ‘business sol ution special ists’ – who focus on the
both the IT and wider telecommunications service del ivery for the
business, and ‘telecommunications special ists’, who focus on the
implementation of tel ecommunications, networking and computing
resources in the bui lding. Projects managers and architects need to be
aware of the distinction between these two responsibi l i ty areas and the
differences in competency areas between structured cabl ing and the
wider tel ecommunications remit.

In summary, the operational objectives of the IS function, del ivered by
the telecommunications function, cannot be met without the direct
invol vement of the ‘estates’ function – and vice versa – and co-operation
between al l parties is critical to success.

The demands of telecommunications on the bui l ding ‘preparation’ and
‘design’ phases are much greater than just the provision of adequate
spaces and pathways, and places major demands on the provision of
el ectrical power and environmental control .
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Specul ative, ‘instal lation-ready’ bui l dings require the greatest al l ocation
of provision of pathways, space, electrical power supply and
environmental control in order to cater for the widest range of user
demand. By comparison, a ‘designed to requirement’ bui l ding wil l al l ow
a more considered al l ocation of these expensive resources as required by
the appl icabl e network strategies, as discussed in 4.3.3.

However, in both cases, the provision of adequate electrical power is
critical to the effective operation of telecommunication equipment, and
environmental control (which requires additional power) is al so required
in certain areas. In this respect, at l east, it is somewhat inaccurate to
consider tel ecommunications as a ‘fourth uti l i ty’, i solated from the other
services in the bui lding.

Key terms

Primary cabling costs

Within this book the term ‘direct cabl ing cost’ rel ates to the
total cost of tel ecommunications cabl ing components and the
infrastructure instal l ed to support them (tray, trunking, panel s,
cabinets, etc.). I t does not include the cost of the networking
and other equipment to which that cabl ing wil l be attached.

Secondary cabling costs

The primary cabl ing cost does not include the faci l ities and
infrastructures required to provide el ectrical power and
environmental controls to the equipment that wi l l be
connected to the cabl ing. The inadequate provision of these
faci l i ties and infrastructures represents a risk to the subsequent
functional ity of the system.

Is telecommunications a ‘utility’?

Tel ecommunications is often referred to as the ‘fourth uti l ity’,
fol lowing the recognized primary uti l ities of electricity, gas and
water supply. Although it is true that most business premises
could not function without the external and internal
tel ecommunications systems, it has to be recognized that
tel ecommunications cannot function without the support of
one or more of the three primary uti l ities.

4.3 Project leadership and coordination
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‘Installation-ready’ buildings

During the bui lding design phase, both cabl ing design and
instal lation standards have a critical role to play, and enabl e
bui lding designers/owners to cl aim conformance to those
standards – but there is a significant planning responsibi l i ty,
particul arly in the area of spaces and pathways, that requires a
significant architectural impact earl y in the bui lding design
process.

If that architectural impact is correctly appl ied, it is possibl e,
with the appropriate ‘use of property’ caveats, to issue
certificates of conformance both for the bui l ding and any
subsequent cabl ing instal l ations. It is unfortunate that
conformant instal l ation specifications and planning practices
are uncommon, and, as a result, the instal l ation standards tend
to serve as a ‘non-compl iance checkl ist’.

The standards that would support such certificates of
conformance depend upon the appropriate standardization si lo
(see Chapter 2):

• within the UK standardization si l o, certificates of
conformance coul d be issued against the instal lation
specification and pl anning requirements of BS 6701 which
contains a normative reference to [BS] EN 501 74 series
standards;

• within the European Economic Area standardization si lo,
certificates of conformance coul d be issued against the
instal lation specification and pl anning requirements of the
EN 501 74 series standards (together with any national
standards that may be appl icabl e);

• within the North American standardization si l o, certificates
of conformance could be issued against the instal l ation
planning requirements of the ANSI/TIA-569-B standard.

Outside these si l os, it is possible to issue certificates of
conformance against the instal lation specification and pl anning
requirements of ISO/IEC 1 4763-2 (together with any national
standards that may be appl icabl e).

Cl early, the initial estimated demand for power and environmental
control can only be assessed with the assistance of telecommunications
special ists. H owever, tel ecommunications cabl ing standards such as
BS 6701 or the [BS] EN 501 74 series do not specify the scal ing or the
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design of power distribution to and within the cabinets, frames and racks
that wil l contain telecommunications equipment. Instead, they demand
the appl ication of national or l ocal regul ation – in the case of the UK,
BS 7671 . As the contents of cabinets, frames and racks tend to be subject
to substantial change over their l ifetime, the el ectrical provision should
err on the side of caution – even if that incurs additional upfront cost –
since retrofitting is difficult or impossibl e without disruption to operation
(l eading to greater cost). This appl ies to al l spaces within the bui l ding
that wil l accommodate telecommunications equipment, but is particularl y
appl icabl e in areas of bui l dings that wil l be designated as data centres.

Tel ecommunications also has impl ications for bui l ding design in relation
to safety. In addition, the recognized safety standards such as BS 7671 for
electrical wiring and [BS] EN 60825-2 for optical fibre safety provide
requirements and recommendations for both instal l ation and operation.

Whil e the intent of such standards is to identify and mitigate areas of
risk, compl iance to standards should not be confused with meeting the
objectives of regul ations and other l egisl ation covering safety. As an
example of this, and as mentioned in Chapter 3, BS 8492 recognizes the
potential for telecommunications cabl ing to spread fire unless
appropriate actions are taken. H owever, the l atest UK national
regulations have increased the responsibi l ity for architects rel ating to fire
certification, and it is wise to take account of both the potential l y
substantial burning l oad associated with telecommunications cabl ing and
the need to provide effective fire compartmentation (and detection and
suppression systems within those compartments).

Other examples of rel evant regulations and legislation for the UK incl ude
the Construction Design Management (CDM) Regulations, Control of
Substances H azardous to H eal th (COSHH ) Regulations together with
implementations of European Union Directives such as those relating to
Waste Electrical and Electronic Equipment (WEEE), Restriction of
H azardous Substances (RoHS), El ectromagnetic Compatibi l i ty (EMC) and
Construction Products.

4.3.2 The need to consider ‘operation’ within ‘construction’

The correct provisioning of telecommunications spaces, pathways and,
equal ly importantly, the secondary faci l ities and infrastructures, providing
power and environmental control necessary to ensure the correct
function of the services they provide, is a complex issue as indicated in
Figure 1 6.

Service convergence combining the provision of telecommunications
services such as those shown in Figure 8 has a direct impact in rel ation to
shared spaces and pathways – see 3.3. Those responsible for the
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operation of these services require representation at the time at which
the major and, in practice, irreversibl e decisions are taken in rel ation to
bui lding construction.

Where function takes priority, the involvement of tel ecommunications
special ists during the preparation phase (RIBA Work Stages A/B, as shown
in Figure 1 2) brings great advantages to the estates function, ensuring
that adequate justifications are provided for space and pathway
provision – which in turn provides great benefit to the
tel ecommunications special ists during the design phases. In most cases,
the early invol vement of telecommunications special ists with the
combination of ski l l s necessary to prepare the telecommunication design
brief shown in Figure 1 3 can al so assist the architectural design process to
mitigate the risk of downstream re-work of certain aspects during the
design and construction phases. This is addressed in much greater detai l
in Chapter 5.

4.3.3 The impact of network strategies

Network strategies have to address the demands for avai labi l ity and
security of the tel ecommunications services within the bui lding, and may
require the consideration of the resi l ience of the spaces, the faci l i ties and
infrastructures that serve those spaces and the pathways that connect
them. This adds to the compl exity of the basic provision of spaces and
pathways for the telecommunications infrastructure.

Figure 1 3– The ideal template for the development of a
telecommunications design brief
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The impact of network strategies on power demand

The integration of mobi le (wireless) communications within the
overal l telecommunications package has hidden planning and
implementation costs: it is rarely real ized that the wirel ess
implementations for acceptabl e l evel s of service of simple voice
systems, data systems and VoIP can differ dramatical ly in terms
of density of access points, antennae and network
management. High-qual ity surveys taking into account the
bui l ding construction and service demands are critical . These
surveys, in turn, may indicate that bui lding works are required.
European standards are now being initiated to address the
methodology and outcomes of such surveys. In addition, it must
not be forgotten that the access points and antennae consume
power that wi l l either have to be supported by local power
suppl ies or by PoE (it shoul d be noted that the l atest
IEEE 802.1 1 n devices may require mul tipl e PoE feeds). The
planning and instal l ation issues surrounding wirel ess access
provision are now being addressed in design standards (a
future [BS] EN 501 73-6), and the wider issues of the provision
of power over tel ecommunications cabl ing wil l feature in a
forthcoming amendment of [BS] EN 501 74-2 expected in 201 2.

H owever, in both cases, the provision of adequate el ectrical
power is critical to the effective operation of
tel ecommunication equipment, and environmental control
(which requires additional power) is also required in certain
areas. In this respect, at least, it is somewhat inaccurate to
consider telecommunications as a ‘fourth uti l ity’, isol ated from
the other services in the bui lding.

Cl ient architectures (requiring much less processing and
el ectrical power at the desktop, but more at central ized
l ocations) may also directl y affect the demands on, and
distribution of, el ectrical power. They may al so have dramatic
and positive effects in terms of the environmental control
systems within the bui l ding since substantial ly l ower l evels of
cool ing may be required (as compared to the 25 W/m 2 to
20 W/m2 typical ly catered for in office premises). Thin-server
approaches (using servers located off-site rather than in
premises-based data centres) have further knock-on effects.

4.3 Project leadership and coordination
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The ul timate extension of cl ient sol utions coupled with wirel ess
service del ivery has the potential to radical ly redefine the uti l i ty
base for the bui lding. The above exampl es point to the need to
engage those invol ved in telecommunications strategy at an
early stage to ensure that money is not wasted in over- or
under-provision of those uti l ities.

Other aspects that may impact provision incl ude the recent growth in
mobi le (wireless) solutions and the increased consideration of thin-project
sponsor and cl ient server concepts. As can be seen in the boxed text ’The
impact on network strategies on power demand’, the network strategies
not only affect the spaces and pathways but may impact, to a significant
degree, the secondary infrastructures providing power and environmental
control .

Cabl ing design standards define the minimum requirements of
component performance together with the types and configurations of
components to be used to del iver that performance. In specific areas they
define minimum implementations in terms of provision of connectivity at
specific points in the bui l ding. The standards cannot repl ace the essential
process of defining a network strategy, which ensures that the final
infrastructure, including the provision of power and environmental
control , addresses fundamental business issues such as repairabi l i ty,
avai labi l ity and maintainabi l i ty (see Chapter 5), incl uding business
continuity pl anning and, ul timately, disaster recovery.

The early avai labi l ity of a network strategy does not necessari ly impl y the
production of a network design during the ‘preparation’ phase. This
underl ines the separate responsibi l i ties and contributions of the business
sol utions special ist and the telecommunications special ist highl ighted in
4.3.1 .

The absence of a business-specific network strategy, as in a specul ative,
’instal l ation-ready’, bui l ding wil l general ly lead to an overprovision of
spaces, pathways and services for telecommunications. However, even in
the case of a speculative bui lding, there is a role for an outl ine
networking strategy that addresses these business objectives – no future
tenant or bui lding owner wil l wish to commit to premises that are
subject to a high cost of ownership due to poor infrastructure decisions
having been taken.

By comparison, the existence of a network strategy, based on identified
business needs, can have a dramatic impact on the final infrastructure
forcing the development and recognition of such a strategy to precede
the telecommunications design brief at RIBA Stage B as shown in Figure
1 5.
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In both cases the resul ting demand for telecommunications spaces,
pathways and services needs to be addressed before RIBA Stage C as
shown in Figure 1 5.

4.3.4 Co-operation and co-ordination

While the ‘estates’ function cl early understands the role and demands of
traditional BMS, they are less l ikely to understand the impact of
convergence of BMS with the wider tel ecommunications infrastructure,
and are even less l ikely to have a strong understanding of the needs for
the resul ting spaces and pathways. If the true needs of the
telecommunications infrastructure for space and bui lding services have
not been made clear to the ‘estates’ function sufficientl y early in the
bui lding programme, it may be impossible to retro-fit those
requirements – and even if it is possibl e, it wil l cause considerabl e
inconvenience, delay and cost for the overal l project. I t is therefore in the
long-term interest of the ‘estates’ function to encourage early input from
telecommunications special ists.

A real exampl e of this l ack of earl y consultation was the decision to
ignore an IT department’s requirement for cabinets in a ‘comms room’ to
be mounted on pl inths – to al l ow cables to be instal l ed from beneath the
cabinets. As a resul t, cable trays were presented above the cabinets and
cabl es fed down into the cabinets, preventing the instal l ation of the
necessary fans to cool the equipment that woul d be subsequentl y be
instal led, and in any case disrupting the intended airfl ow. This resulted in
the cabinets onl y being able to house hal f the intended quantity of
equipment which, in the long term, required additional space to be
al l ocated elsewhere in the bui l ding.

This fai l ure to plan appropriatel y at the earl y stages of a project
represents an absence of rigour that jeopardizes the subsequent
functional ity of the bui lding – i .e. the day-to-day business operabi l ity of
the resul ting bui l ding – putting at risk any planned added val ue.
Unfortunatel y, IS/IT personnel may onl y be empl oyed by the enterprise
that occupies the bui lding or, al ternatively, third-party ‘technol ogy
partners’ may be empl oyed by the bui lding owner or their consul tants,
after the del ivery of the bui lding, to provide the IS and IT services to the
bui lding occupants. In either case, the appointment of the IS/IT ‘function’
may not occur unti l the bui lding is in use (beyond RIBA Work Stage L),
and in such cases it is vital that competent consul ting organizations are
approached in their stead (see 4.4.3).

In contrast, network upgrades are often considered to be the province of
the IT function (even if the upgrades are at the behest of the IS
function). However, network upgrades are increasingly subject to
associated demands on space and bui l ding services. This is exempl ified by
the impact of a network upgrade for the widespread introduction of PoE.
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The necessary modifications to the spaces housing the remote powering
equipment have impl ications for electrical power supply, e.g. UPS, to
those areas – and, in some cases, have an al l ied demand for
environmental controls that require even greater avai labi l i ty of el ectrical
power and environmental control systems.

The operational responsibi l ities identified above have to be mapped onto
the responsibi l ities for project sponsorship and leadership during the
bui lding preparation, design and constructional phases.

4.3.5 Keeping the options open

In general , it can be expected that the l arger the project, the greater the
timescal e between concept and completion. It is not uncommon for this
timescal e to be between 5 and 7 years. The l ifetime of the bui lding
fol lowing compl etion, and therefore that of the critical spaces and
pathways, may be as l ong as 20 years before major remodel l ing or
demol ition takes place.

Fol l owing the devel opment of a design brief, there is obviously a point
during the ‘design’ phase at which final decisions are made in rel ation to
the al location of tel ecommunications spaces and pathways and also for
the faci l ities and infrastructures necessary to support those
tel ecommunications spaces.

The co-operation and co-ordination discussed in 4.3.4 is obviously critical
prior to and at the ‘pinch point’ (i l l ustrated in Figure 1 4), but it is al so
essential that the decisions taken prior to that point provide adequate
fl exibi l ity of final cabl ing implementation – taking into account the
probabl e technical advances in the market together with changing
customer requirements for resi l ience, redundancy, security and
‘smartness’. In addition, both the bui lding earthing systems and
segregation between the tel ecommunications cabl ing and power supply
cabl ing (provided by separation and/or barriers) may also be impacted by
tel ecommunication cabl ing design sol utions, and vice versa (where
suppl ier warranties may be voided by incompatibi l ities).

This balance between cost and flexibi l i ty (which has to ‘factor in’ the
entire l ife of the bui lding) and the decision as to the scale and l ocation
of safeguarded spaces and pathways can have a major impact on both
capital cost and revenue-earning aspects of the bui l ding. The latter is al so
true to some degree in relation to spaces al l ocated during refurbishment.
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4.4 The impact of project size

4.4.1 Project grading

Table 1 provides a grading scheme for new build, refurbishment and
network upgrade projects based upon the highest assessed grade across
four separate bui lding and project parameters. The boundaries between
smal l , medium and large grades are somewhat arbitrary but are used to
highl ight the differences in the fol lowing aspects of the project
management:

• budget (Table 2);
• timel ine (Table 3);
• resource (Table 4).

The expectations of the project sponsor may be lower for smal ler
projects, and the risk to added value may be similarly reduced. Whereas
for larger projects, although the total cost of telecommunications
infrastructures as a percentage of the overal l project may be lower than
for a smal l project, the risk and ongoing cost of inadequate provision is
greatest.

Figure 1 4 – The telecommunications infrastructure ‘pinch point’
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Table 1 – Project grading

Project
grade

Business metrics Project metrics

No. of
occupants

No. of
outlets

Timescale Budget

Smal l <200 <400 6 months £1 00,000

Medium 200–500 400–1 0,000 6 months to
4 years

£1 00,000 to
£2 mil l ion

Large >500 >1 0,000 >4 years >£2 mil l ion
1 The budget incl udes the primary and secondary cabl ing costs as
described in 4.3.1

Table 2 – Project grading and budget

Smal l The fol l owing guidance obviously appl ies to
medium and l arge projects, but they tend to be
scrutinized in greater detai l anyway because their
budgets are higher. The impact of unwanted
budgetary surprises is higher for smal l projects,
and greater attention to detai l in the planning
stage is therefore more than justified.
• Present the whole case.
• Ring fence the cost.
• Make sure the budget includes al l relevant

primary and secondary costs as in 4.3.2.
• Incl ude al l possible contingencies to avoid

under-pricing the tasks.
• Take into account the impact of the

appl icabl e industry standards.
• Take into account the additional impact that

corporate standards may have on the project,
e.g. component selection and containment
issues.

• Avoid the temptation to bring capital
expenditure into operating expenditure (not
onl y is this bad practice but it tends to isol ate
the IT department for the necessary
co-ordination with other groups).
An exampl e of this woul d be a cabl ing
upgrade, which then al lowed IP tel ephony,
which then demanded significant extension
of the UPS systems, which had a knock-on
effect on the power distribution system in
the bui l ding (the l atter items not being
accounted for in the original budget).

• Avoid the temptation to cut out aspects that
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seem unacceptabl y costl y (as they may make
the difference between operational success
and l ong-term fai lure – with potential
increases in associated costs).

• Include the cost of the procurement process
(see 4.4.2).

• Consider the impact of schedul ing fai l ures
(see Table 3).

Medium The fol lowing guidance is additional to that for
smal l projects:
• As the project gets larger, the costs of qual ity

assurance and project
supervision/management need to be
considered.

Large The fol lowing guidance is additional to that for
medium projects:
• As the project gets larger, the costs of other

professional services need to be incl uded.
• The opportunity for volume discounts, needs

to be refl ected in budgetary planning.
• The opportunity for more effective

procurement resulting from the impact of
convergence (different parts of the overal l
project using common components) needs to
be considered.

• Exchange rate fluctuations and financial
offsets (insurance

• , buying currency) need to be considered.

Table 3 – Project grading and timelines

Smal l • Errors in schedul ing are more critical for smal l
projects (the opportunity for project buffering is
l ower due to the restricted overal l timescales).

• Budget over-runs are more probable.
• There is a risk for qual ity assurance due to short

cuts required to make up time.

Medium • The impact of the issues highl ighted for smal l
projects is reduced at the earl y stages of medium
projects – due to the abi l ity of longer project
timescales to adjust and cope with any earl y
del ays. However, the impact of schedul ing errors
increases if they occur towards the end of the
project.

Large • The impact of the issues highl ighted for smal l
projects is reduced at the earl y stages of large
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projects – due to the abi l i ty of longer project
timescales to adjust and cope with any early
delays. However, the impact of schedul ing errors
increases if they occur towards the end of the
project.

• The impact of product obsolescence needs to be
addressed – particularly in multi-phase projects.
Generic cabl ing provides an infrastructure that
can support a wide range of telecommunications
appl ications, network evolution and service
developments. Nevertheless, the selection of
cabl ing technology should take into account the
steady introduction of higher transmission
performance options defined in the publ ished
cabl ing design standards. This may imply the use
of higher-category balanced cabl ing components
or the introduction of single-mode optical fibre
alongside the use of multimode implementations.

Table 4 – Project grading and resource assessment

Smal l • Self-assessment of in-house resources, in
terms of avai labi l ity, competency and
adequacy (number) is critical .

• Determine if external assistance is required
based on primary/secondary infrastructure
aspects.

Medium The fol lowing guidance is additional to that for
smal l projects:
• A breakpoint is reached where in-house

resource requires additional support (to al low
the in-house resource to meet normal
business needs). External contracted help is
required to address:
interdiscipl inary co-ordination;
contractual compl iance (including standards).

Large The fol lowing guidance is additional to that for
medium projects:
• A breakpoint is reached when it is obvious

that the scale of the task requires external
project management, which requires a
separate procurement stage to obtain the
most competent support.

4 Organizing cabling projects

54 Telecommunications Cabling



4.4.2 Procurement

Independent of the project grade, a number of procurement options
exist, including:

• construction management;
• design and bui ld;
• bui ld, own and operate;
• business process outsourcing;
• bui ld, own and transfer;
• drawing production;
• third-party (independent) witnessing;
• qual ity management;
• construction ‘snagging’.

The approach sel ected has a dramatic impact on the standards that are
appl ied, who is employed (e.g. an el ectrical contractor with special ist
subcontractors, a special ist IT contractor or main contractors) and who
has the responsibi l i ty for appl ying those standards. Further detai l s are
provided in 8.2.

4.4.3 Allocating the planning resource

Determining the appropriate level of pl anning resources to al locate to
the tel ecommunications infrastructure is a compl ex mix of project scal e
and the project sponsor’s expectations.

Providing inadequate l evel s of resource and fai lure to appl y the
appropriate form of consultation during the bui l ding ‘preparation’ and
‘design’ phases represents a significant risk to the value added (incl uding
avai l abi l i ty and security of the telecommunications services) achieved by
the bui lding, and may, in some cases, resul t in an ineffective bui l ding
from the telecommunications perspective. This risk needs to be ful l y
understood by, and be made visible to, the estates function, the
architects, pl anners and finance managers al ike.

The concepts of primary and secondary cabl ing costs were introduced in
4.3.1 . The al location of telecommunications pl anning resources and the
funds al l ocated to expert assistance shoul d not be based upon the
primary cabl ing cost. The secondary cabl ing costs, combining the
provision of power, possible environmental control , space al l ocation and
any structural engineering and decoration required within those spaces
may be many times that of the primary cabl ing cost. It is the combination
of the primary and secondary costs that should be the basis of planning
and justifying the resource al l ocation provided for business sol utions and
telecommunications special ists.

4.4 The impact of project size
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The medium- to large-grade projects (see 4.4.1 ) wi l l sometimes require
more than one equipment room (albeit with one being described as a
main equipment room) and a significant number of telecommunications
(or satel l i te equipment) rooms housing bui lding and floor distributors, as
described in Chapter 1 . The secondary cabl ing cost associated with these
spaces can easi ly be an order of magnitude greater than the primary
cabl ing cost – and this factor may be even greater for smal l projects since
the primary cabl ing costs are comparatively low.
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5 Mapping business requirements
to design objectives

This chapter discusses the techniques that should be applied to the
analysis of business requirements to prepare effective
telecommunications objectives and solutions, featuring a integrated
production and review of business and operational strategies
combined with a Reliability, Availability and Maintainability (RAM)
analysis leading to the final development of a design brief for the
telecommunications infrastructure.

The approach taken covers ‘speculative’ and ‘designed to
requirement’ building projects – serving both single and multiple
tenants.

This chapter makes reference to the following standards:

• British: BS 6701 .
• European: [BS] EN 501 73-2, [BS] EN 501 74 series.
• International: ISO/IEC 1 1 801 , ISO/IEC 1 4763-2.
• North American: ANSI/TIA-568-C-1 , ANSI/TIA-569-B, IEEE 802. 3at.

Essential reading for: Project Sponsors, Project Managers, Architects,
Bui lding Services Engineers, Telecommunications Consul tants

Optional reading for: Other special ists, Quantity Surveyors, Cabl ing
Instal lers

Appendix A contains a detailed bibliography.

For the purposes of this chapter, construction projects for singl e
owner/tenant premises are divided into two groups – ‘specul ative bui ld’,
where the telecommunications requirements of the owner/tenant are
unknown at the time that the design brief is prepared, and ‘designed to
requirement’, where the design brief is closel y l inked to the strategic and
operational telecommunications objectives of a known tenant.

Construction projects resul ting in multi-tenant premises may be entirel y
‘specul ative’, entirel y ‘designed to requirement’ or a combination of the
two.
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In the case of speculative bui ld projects, it is certainly possible to adopt a
structured cabl ing design standard that wil l del iver clearl y defined l evels
of telecommunications provision to the owner/tenants. The adoption of
such an approach supports the appl ication of cabl ing planning standards
that define the size and l ocation of the necessary spaces together with
the associated el ectrical and environmental control infrastructures. This
could enable the construction of an ‘instal l ation-ready’ bui lding,
introduced in Chapter 5, al lowing the subsequent instal lation of products
from the cabl ing design standards to produce an effective
tel ecommunications infrastructure. H owever, such solutions have, al most
by definition, to include some l evel of overprovision in certain areas, and
have some attendant financial disadvantages in terms of potential waste
of space, or over-specification of the el ectrical supply or environmental
control systems. As a resul t, an appropriate provision of
tel ecommunications infrastructure in speculative bui l d projects is rarel y
implemented. Often, there is a tendency to avoid any investment in
tel ecommunications infrastructure, l eaving many speculative projects at a
commercial disadvantage – since the cost and del ays invol ved in
retrofitting the required infrastructure may discourage potential tenants.

In contrast, a ‘designed to requirement’ project al lows early preparation
and planning stages to focus on the requirements for physical , electrical
and environmental control infrastructures that are more accuratel y
defined to match the strategic tel ecommunications objectives of the
project sponsor. The rel evance of particul ar cabl ing design standards has
to be assessed against these objectives and the operational sol utions
being considered in these early design phases. H owever, irrel evant of any
cabl ing design standards, the cabl ing planning standards are abl e to be
appl ied to determine the ‘envel opes’ of spaces and pathways provisioned
to be appl ied during the bui l ding design process.

This chapter describes both the demands of real istic tel ecommunications
support in speculative bui l d projects and a methodol ogy for mapping the
requirements in the case of ‘designed to requirement’ projects – l eading
to the definition of an effective tel ecommunications design brief.

5.1 Speculative build projects

A bui lding designed and constructed as ‘specul ative’, without knowl edge
of the final tenant, owner or user, has to balance some fundamental
aspects. There is obviousl y a desire to maximize fl oor space within a
given footprint whi le, at the same time, maintaining the basic
functional ity of the premises. The incorporation of IT and the wider
aspects of tel ecommunications (via the convergence concepts introduced
in Chapter 3) within that basic functional ity has a significant influence on
that bal ance.
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The question is often asked ‘Can a speculative bui lding provide adequate
resources for tel ecommunications in terms of spaces, pathways, power
suppl y and environmental control ?’

It is certainl y possibl e for a bui lding designer to cl aim that a bui l ding is
‘instal l ation-ready’ as described in Chapter 4, against a pre-defined
cabl ing design standard and in accordance with a cabl ing pl anning and
instal lation standard even before cabl ing has been instal led – provided
that adequate consideration has been appl ied to the spaces and
pathways and, where appropriate, the supply of electrical power and
environmental control .

Simi larly, in a bui lding that is ‘instal l ation-ready’, i t is possible for an
instal ler to cl aim conformance to those design, planning and instal lation
standards after the cabl ing instal lation has been completed. However, in
order for a bui lding to be ‘instal l ation-ready’ the purpose of that
bui lding has to be taken into account – specifical l y the number of
personnel to be accommodated within the bui lding and the quantity of
end-user connections they wil l require. Once this is defined, the planning
and instal lation standards al l ow the cal culation of the minimum sizes for
the rel evant spaces and pathways associated with the cabl ing and
associated transmission equipment that wi l l eventual l y be required.
Cl earl y, this has to be done at a very early stage and the architect wil l
need to consul t a telecommunications/IT special ist in addition to the
other ski l l -sets such as mechanical , electrical , fire, acoustics, etc.

Tabl e 5 indicates the contents of the various design, planning and
instal lation standards which may be used to support the impl ementation
of infrastructures within speculative bui l ding projects.

5.1 Speculative build projects
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Table 5 – Cabling standards support for speculative build projects

British, European and
international standards

North American
standards

Design
standards

[BS] EN 501 73-2/ISO/
IEC 1 1 801

ANSI/TIA-568-C-1

Require-
ment

Recom-
mendation

Require-
ment

Recom-
menda-
tion

Minimum
number of
outl ets per
work area

? + ? +

Size of work
area

+ + + +

How many
people per
work area

+ + + +

Maximum
cabl ing
lengths
between
connections at
work areas
and
telecommuni-
cations rooms

? + ? +

Minimum
performance
of cabl ing
performance
to the work
area (both
bal anced and
optical fibre
cabl ing)

? + ? +

Floor area
covered by
telecommuni-
cations rooms
providing
connections to
work areas

+ ? + ?
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British, European and
international standards

North American
standards

Number of
tel ecommuni-
cations rooms
(per floor)
providing
connections to
works areas

+ ? + ?

Minimum
number of
equipment
rooms per
bui l ding
providing
connections to
tel ecommuni-
cations
spaces/rooms

? + ? +

Planning/
installation
standards

[BS]
EN 501 74-2
ISO/
IEC 1 4763-2

ANSI/TIA-
569-C

[BS]
EN 501 74-2
ISO/
IEC 1 4763-2

ANSI/TIA-
569-B

Require-
ments

Recom-
mendation

Require-
ment

Recom-
menda-
tion

Dimensions of
tel ecommuni-
cations
spaces/rooms
providing
connections to
work areas

+ ? + ?

Dimensions of
equipment
spaces/rooms
per bui l ding
providing
connections to
tel ecommuni-
cations
spaces/rooms

+ + ? ?

Dimensions of
pathways
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British, European and
international standards

North American
standards

Power supply
capacity

Environmental
control system
capacity

Key
? = addressed
+ = not addressed

For exampl e, in order to house the floor distributors in single-tenant
commercial premises, the UK, European and international structured
cabl ing design standards recommend the provision of a dedicated
tel ecommunications room on each office floor of area up to 1 ,000 m2 –
with further rooms for each additional 1 ,000 m2. As was discussed in 3.3,
these standards recommend minimum dimensions for these rooms based
on the number of connection points on those floors (the North American
standard ANSI/TIA-569-C contains simil ar demands for space, but based
on the floor area served).

The impact of these recommendations is shown in Figure 1 5. The fl oor
area required for these rooms to sol ely accommodate IT cabl ing and
equipment is approximatel y 1 .5 per cent. However, the impact of
convergence and the additional space (whether shared or not) required
for power suppl y and environmental control in those rooms can
substantial ly increase the percentage of al l ocated space (al so shown on
the graph) to approximately 4 per cent.

NOTE the area required assumes the rooms have a minimum height of 3 metres. If

the avai lable height fai ls to meet this requirement, the area of the rooms has to

be increased accordingly.

Associated calculations, based upon these pl anning and instal l ation
standards, can be appl ied to the space al locations for the equipment
rooms housing the bui lding distributors and the pathways used to house
the cabl es between these rooms and the various connection points.

I t should be pointed out that the standards-based approach to space
al location does not extend to the sizing/capacity of either the power
supply systems or the environmental control systems for those spaces.

Clearly, the minimum, standards-based, provision of approximatel y 4 per
cent of floor space on each floor to provide space for
tel ecommunications distribution has a direct impact on the rentable
space and the associated business models of bui l dings. So, whil e
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standards can be used to design the tel ecommunications infrastructure of
specul ative bui ldings, the impl ications of this approach represent a
substantial financial obstacle.

It is this confl ict between revenue-earning space and adequate provision
for future telecommunications demand that frequentl y resul ts in
inadequate telecommunications provision, in terms of space al l ocation,
power and environmental control , in singl e-owner specul ative bui ld
projects. The project sponsor wil l prefer to restrict the spaces and power
provision to the minimum required to support any bui l ding management
services together with those bui lding entrance faci l ities necessary to

Figure 1 5 – Standards-based floor space allocation
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support incoming service provision. The l atter tends to mil itate against
considerations of convergence of those services with the IT infrastructure.

H owever, the importance of tel ecommunications provision in the business
strategy of the eventual owners, tenants or users of the bui ldings shoul d
be a major design criterion – as an inadequate apportionment or
positioning of spaces and faci l ities could l ead to substantial add-on costs
that woul d lead to the premises being viewed as less attractive in a
competitive market.

This justifies the invol vement of telecommunications special ists (using the
services of either in-house teams or external professionals) to interpret
the options and advise as to solutions that bal ance the commercial val ue
of the premises with the provision of adequate space and pathway
al location to support operational requirements of the
tel ecommunications infrastructure.

5.2 Designed to requirement build

5.2.1 The process of requirement mapping to produce the
telecommunications design brief

In comparison to specul ative bui ld projects, the abi l ity to respond to a
specific project sponsor requirement offered by a ‘design to requirement’
approach provides an opportunity to meet accuratel y defined
requirements for the space, pathway, power suppl y and environmental
control systems to support the strategic tel ecommunications objectives.
H owever, the nature of those objectives has to be ful l y defined.

Figure 1 6 indicates that a three-pronged approach is necessary in order
to devel op a viable telecommunication design brief that properl y
encompasses service architecture, network infrastructure and the vital
bui l ding and cabl ing infrastructures necessary to support the overal l
objective. The three-pronged approach comprises the business strategy,
the operational strategy and the RAM anal ysis.

5.2.2 The business strategy and its impact on
telecommunications

I t i s critical to obtain a cl ear vision of the objectives in relation to each of
the telecommunications services solutions to be appl ied by the business.
These objectives may be infl uenced by a wide range of drivers, including
the obvious – energy efficiency, fl exibi l ity of space and staff – together
with possibl e l ess tangibl e aspects such as maximizing staff motivation.
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The overal l telecommunications package has to address the compl ete
range of services (see Figure 1 7 for typical exampl es) considered rel evant
to the business, which wil l certainly include IT and bui l ding services but
may extend to other areas such as the broadcast services distribution or
process control , monitoring and automation systems in industrial plant.

The business strategy addresses the desired solutions at an individual
service level . Exampl es of this approach would include the intended
solutions for the distribution of voice services (conventional fixed
telephony, converged VoIP sol utions or even total l y outsourced mobi le
telephony solutions). The storage and del ivery of business information
has a significant role to play in determining the infrastructure options.
For example, whether it is desirable to have conventional enterprise data
centres (either on-site or remote) or to obtain hosting services or consider
ful l ‘cl oud computing’ concepts. These decisions not onl y have significant
financial (capital versus operational expenditure costs) and management
impact but may al so infl uence the methods of data distribution, i .e. fixed
cabl ing versus wireless sol utions.

5.2.3 Operational strategy

Faced with a wel l -defined business strategy coupled to a financial
al l ocation (addressing both capital and operational expenditure), it is
necessary to produce an operational strategy that balances the two.

Figure 1 6 – The ‘ideal’ template for the development of a
telecommunications design brief (RIBA Work Stage B)
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The personnel responsibl e for del ivering the overal l telecommunications
infrastructures (which wil l at l east include the telecommunications and
the estate areas) wi l l need to develop technical sol utions in response to
the business strategy and to determine the rel evant implementation and
operational costs. I t is not uncommon for the project sponsor or project
manager to employ a business sol utions special ist (al so termed
’information systems (IS), management information (MIS) or ’enterprise
architect’ special ists) to assist in the conversion of the business strategy to
the operational strategy. In some cases, the business solutions special ist
may fulfi l the role of the CTO in developing the al ternative
implementation options (see Figure 1 0).

Clearly, if business strategy cannot be achieved with the avai l abl e funds,
some type of iteration has to be undertaken in rel ation to redefining the
business strategy or obtaining increased financial al lowances.

H owever, assuming that the business strategy and the financial al location
are al igned, the operational strategy defines the approaches to be
empl oyed – once again on a service-by-service basis. This definition has to
take into account how, and by whom, the various tel ecommunications

Figure 1 7 – Typical business telecommunications services
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services are to be del ivered. The ‘how’ has to address the extent of
convergence to be appl ied and the technol ogy approach to be adopted
for each service, as discussed in 4.3.3. The ‘by whom’ aspect has to
consider the sol ution to be empl oyed for the provision of each of the
telecommunications services, e.g. IT and bui lding control .

Both of these decisions have a major impact on the space and pathways.
Whi le the convergence and technology approaches to be employed for
each service wil l define the size and minimum number of spaces al located
to tel ecommunications rooms, equipment rooms and data centres in the
bui lding, the strategy for operational network support has a direct
bearing on the location, configuration and actual quantity of those
spaces. This is addressed more ful l y in Chapter 6.

5.2.4 Reliability, availabil ity and maintainabil ity (RAM)
analysis

5.2.4.1 RAM

The telecommunications sol utions resulting from a financial ly viable
impl ementation of the business strategy should be subjected to an
anal ysis of demands for rel iabi l ity, avai labi l ity and maintainabi l i ty (RAM)
as outl ined in Figure 1 8. This analysis is critical to ensuring that a
‘designed to requirement’ bui ld achieves an optimal implementation.

The project sponsor needs to have a quantitative understanding of the
costs to the business of fai lure of the tel ecommunication systems
employed within the bui l ding. The impact of convergence indicates that
this anal ysis covers much more than the IT services to the empl oyees in
their work areas – it may also address one or more of the
telecommunications services l isted in Figure 1 7. However, although these
functions are important, a fai l ure of these control systems can be
mitigated in many different ways. In comparison, a fai lure of the IT
provision may produce an instant disruption of internal communication
and/or external service connections.

The cost of such fai l ures depends upon the type of business conducted by
the project sponsor, but it is critical to understand the impact of fai lures
in these areas in order that appropriate design sol utions (see Chapter 6)
may be appl ied and that the additional costs (both capital and
operational) are factored into iteration of the business and operational
strategies. Examples of alternative sol utions arise from single point of
fai l ure analysis undertaken on a reference design. It shoul d be noted that
the minimum requirements of the structured cabl ing design standards
take no account of resi l ient configurations, al though exampl es are
provided.
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The analysis should be undertaken from two separate perspectives –
firstly, that of the overal l business, and then from the viewpoint of the
individual end-user.

5.2.4.2 RAM analysis – the business perspective

From the business perspective, the service provision needs to be broken
down into two parts – external network connections and internal service
distribution. The internal service distribution needs then to be considered
on a service-by-service basis (e.g. treating voice and data separately). The
reason for this separate analysis is that, despite the obvious advantages
offered by convergence, the dependence of a business and therefore the
associated cost of downtime may vary dramatical ly across the services it
uses.

The rel iabi l ity of each telecommunications service should be judged on
the mean time between fai lures (MTBF) that is deemed acceptable to the
operation of the business (workflow) and the function of the bui lding.
The causes of fai lure range from external factors such as excavation

Figure 1 8 – Key aspects of RAM analysis
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damaging an incoming cable to the fai lure of the power suppl ies to
critical parts of the bui l ding. Despite considering each service separately,
any mutual l y dependent services need to be taken into account (i .e. does
a fai lure of the data network cause a paral l el disruption to the voice
service?).

The avai labi l i ty of each service is assessed in terms of the mean time to
recovery (MTTR) fol l owing service disruption. For example, the degree of
accessibi l i ty for authorized personnel to vertical pathways (e.g. risers) and
horizontal pathways and equipment spaces has a direct effect on the
MTTR where cable replacement is required. Simi larl y, the appropriate
al l ocation of space surrounding cabinets within those spaces may be
critical to effecting repair and replacement of equipment within them.
The cost of downtime has to be appl ied to the combination of the MTBF
and the MTTR for each service – and this cost has to be set against the
potential cost for any design solutions that increase the MTBF and/or
reduce the MTTR.

The maintainabi l i ty of each service has a direct influence on its MTTR –
the time taken to recover from fai l ure is a compl ex function of ease of
access to critical areas in the bui l ding coupl ed with the ease with which
the fai led systems can be reconfigured (this is subtl y different to
serviceabi l i ty, which relates to repair of the fai l ed system). The use of
rol l -out shelves for l arge items of equipment or the adoption of modul ar
solutions are exampl es of implementations that may improve
maintainabi l i ty and thereby reduce the MTTR. In addition, the ease with
which faul ts can be anal ysed and corrected/repaired also affects the
MTTR.

5.2.4.3 RAM analysis – the outsourcing option

The issues of maintainabi l ity also focus attention on plans for the
operation of the various infrastructures. It is tempting to consider
‘outsourcing’ of service provision as a simpl e way of real locating or
short-circuiting the design responsibi l i ty for the tel ecommunication
infrastructure(s). However, it is rarely that simple – and a number of
fundamental questions have to be asked – and answered – in order to
ensure that the desired objectives are real ized.

One such question coul d be: ‘Can a single outsourcing contract be
possible for al l the services del ivered over the telecommunications
infrastructure?’

If the answer to this question is ‘no’, then each service wil l need a
separate provider – each with a defined service level agreement. In such
a circumstance, further questions are raised such as ‘H ow viabl e would
shared spaces be?’ and ‘H ow would unauthorized access be managed in
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rel ation to physical infrastructure, documentation, el ectronic data and
even to other, sensitive, parts of the bui lding?’

The avai l abi l ity demands for each service al so have to be taken into
account. I t is unreal istic to appl y high-avai l abi l ity requirements to a
service l evel agreement if the bui l ding infrastructure has not considered
the al location of spaces to support the necessary resi l ience. Fai l ure to
consider the long-term demands for service provision at the bui l ding
design stage can have serious financial impl ications for the cost of service
provision over many years.

In summary, plans for outsourcing future tel ecommunications service
operation does not al low abdication of effective design and construction
of appropriate spaces and pathways. Earl y investment in pl anning of the
spaces and pathways is necessary to ensure the basic viabi l i ty of
outsourcing, keeping the service options open and enabl ing the
cost-effective provision of the desired service l evel .

5.2.4.4 RAM analysis – the end-user perspective

From the perspective of individual users, the key issue is the provision of
service to a desk or work area. However, by assessing rel iabi l ity on a
service-by-service basis, design approaches can be implemented to
minimize the impact of specific types of fai lure to both external service
connection and internal service distribution.

Avai l abi l i ty can be increased not only by implementing resi l ient service
sol utions but by applying resi l ient cabl ing configurations to work areas
that can be initiated either by manual reconfiguration at patch panel s or
by automatic rerouting of the services.

I t should be considered that overal l service rel iabi l i ty and avai l abi l i ty for
an individual end-user may be achieved at the expense of total service
provision by focusing provision on key parts of the business.

Maintainabi l i ty has to refl ect the time taken to implement re-provision of
service to an end-user, and wil l depend on the compl exity and content of
the reconfiguration process. The more compl ex, at a physical l evel , the
reconfiguration process, then the more technol ogy wil l be required to
minimize errors in the process – suggesting Simpl e Network Management
Protocol (SNMP) management for equipment-based solutions and
intel l igent patching for infrastructure-based sol utions.

5.2.5 Completing the process

An agreement of the user requirement for telecommunications, fol l owing
the successful co-ordination and al ignment of business strategy,
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operational strategy and RAM anal ysis, represents the best opportunity
to create a tel ecommunications design brief.

Unfortunatel y, the majority of construction projects do not apply this
approach, with neither a business sol utions special ist nor a
telecommunications special ist empl oyed by the cl ient or project manager.
In such cases, the resulting design briefs may be non-existent, partial or,
even worse, incorrectly formed by parties without the
telecommunications ski l l s – this represents a major administrative risk to
the project (see Chapter 8). The authors’ experience indicates that this
results from a misplaced perception that a cabl ing project is an
insignificant portion of the total contract value or bui lding budget (as
outl ined in 4.3).

Of course, the correct appl ication of the three-pronged approach
detai l ed in this chapter may not resul t in the definition of a single
solution during the earl iest stages of a project – as indicated in Figure 1 9.
Al l sol utions need to be eval uated in terms of detai l ed requirements for
the spaces and pathways and the associated requirements for el ectrical
power and environmental control . Chapter 6 provides further
information on the design strategies and methods that may be appl ied to
determine the specific requirements of the possibl e options.

Figure 1 9 – Multiple implementation options at RIBA Stage C
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As the construction process advances beyond RIBA Work Stage C, the
final implementation wil l be agreed, but it is critical that no
construction-related decisions are taken before that time that woul d
prevent the agreed sol ution being implemented correctly. Later chapters
discuss the technical risks (see Chapter 7) and administrative risks
(Chapter 8) during these early phases of the construction project, and the
controls necessary to mitigate those risks.

5.3 Multi-tenant premises

Multi-tenant premises present an additional l evel of complexity that has
to be addressed by an effective tel ecommunications infrastructure design.
This refl ected by their separate treatment in Amendment 2 of
[BS] EN 501 74-2 which deal s with the common spaces and pathways and
in such premises – in paral l el with those spaces and pathways of
purpose-specific premises such as office, industrial , residential and data
centres.

H owever, it is not always possibl e to differentiate the common spaces
and pathways from those within the tenant areas; some of the more
sophisticated overal l bui l ding management networks such as access
monitoring and control systems and other BAS operated by the l andl ord
that extend into tenant areas. Moreover, it is not al ways physical
infrastructure that defines such boundaries – if the landlord’s network is
implemented using wirel ess technol ogies, these may restrict or confl ict
with subsequent wireless spectrum al l ocation used by future tenants.

As suggested in the introduction to this chapter, multi -tenant premises
construction projects may be entirely ‘speculative’, entirely ‘designed to
requirement’ or a combination of the two.

It should be pointed out that multi -tenant premises may be single
bui l dings comprising multiple tenanted areas or campus premises
containing many bui ldings – each of which may have one or more
tenanted areas.

Where one or more of the tenants are known at the outset and their
tel ecommunications requirements are defined, the infrastructures within
those tenanted areas and the spaces and pathways serving those
tenanted areas can be considered to be ‘designed to requirement’
projects. However, unless al l the tenanted areas and their
tel ecommunications requirements are known and fixed at the outset,
there is a substantial el ement of specul ative bui ld.

The areas of speculative bui l d l ie both in the common spaces and
pathways and the tenanted areas themselves. Clearl y, if initial tenancy
uptake is phased, it is important to avoid the risk of ‘first come, best
served – last come, least served’, and to ensure that the spaces and
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pathways associated with each tenancy are safeguarded. Of course, the
number of tenanted areas may increase or decrease during the
construction project or the l ifetime of the premises.

Moreover, the nature of those spaces and pathways depends on the
approach taken to external service provision in the premises. Specifical ly,
the telecommunications service provision to each tenanted area may
simply be an extension of the external service provision to the premises
(providing each tenant with a direct connection to the access network),
as shown in Figure 20 (a).

Alternatively, the external service provision to each tenanted area may be
via a private infrastructure owned and operated by, or on behalf of, the
bui lding owner, as shown in Figure 1 9 and Figure 20 (b). The latter
approach produces a backbone infrastructure simi lar to that of a
single-tenant bui lding with distributed spaces on each floor – therefore
requiring the al location of substantial ly more space than the direct-access
connection model . However, the direct-access connection model leads to
uncertainty as to the size and location of pathways that may be necessary

Figure 20 – Multi-tenant building configurations
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to provide each tenant with their own choice and capacity of access
connection as tenant migration and evolution takes place.

The difficulty in providing adequate spaces and pathways for al l future
tenants is compounded when it is considered that those tenants may
decide to expand into additional tenanted areas on the same floor or
different floors (or bui ldings if a campus premises is considered). The
implementation of ‘internal ’ networks for such project sponsors requires
effective security of al l common spaces and pathways. This favours the
universal solution in l ine with the bui lding distributor approach (even if
al l connections at that point are passive), but effective methods of
restricting unauthorized access to the spaces and pathways must be
implemented to give tenants confidence that their data are not
corrupted or ‘stolen’.

Clearly, such flexibi l ity of infrastructure requires a greater provision of
common spaces and pathways (particularly if coupled with a pathway
structure to service direct external connections). Such space al location
may be viewed as excessive by tenants, and may not be recoverable in
rental charges.

As mentioned in 5.1 , the involvement of telecommunications special ists
(using the services of either in-house teams or external professionals) is
critical when interpreting the various options and advising as to solutions
that balance the commercial value of the premises with the provision of
adequate space and pathway al location to support the operational
requirements of the telecommunications infrastructure.

5.4 ‘Limited life’ and ‘limited demand’
infrastructures

There are two further types of telecommunications infrastructures that
may be appl ied to both speculative and ‘designed to requirement’
projects and which are subject to modified user requirements as fol lows:

• l imited life – that is, initial ly designated as being temporary, and
independent of the intended l ife of the premises;

• l imited demand – that is, designed to reflect a specific demand for
given periods during the intended l ife of the premises.

The common theme of such premises is that the requirement for network
support is defined either by virtue of the l ifetime of the infrastructure or
by the period over which those networks are required to operate to their
ful l capabi l ity.

Limited l ife infrastructures may be subject to a desire for cost controls
that may affect overal l cabl ing design implementation (in terms of the
number and location of telecommunications spaces) or the choice of
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pathway systems. For exampl e, in order to reduce the number of
telecommunications spaces for structured cabl ing ‘distributors’ (see
Chapter 3), it may be desirable to extend the cabl ing l engths beyond
those that are defined in the generic cabl ing design standards (e.g.
[BS] EN 501 73-2 or ANSI/TIA-568-C-1 ). This may resul t in the l onger paths
being unable to support the demanding tel ecommunications
appl ications – but being perfectly usabl e for others. This is a whol ly
reasonabl e design decision with a commercial rational e. However, the risk
of such strategies is that infrastructures of l imited l ife often become
more permanent, and any such appl ication support restrictions need to
be ful l y understood by al l future users of the infrastructure.

Simi larly, it may be tempting to select pathways and cable management
systems that reflect the intended temporary nature of the cabl ing that
they are to support. Once again, the risk of extending the required l ife of
the infrastructure wil l undoubtedl y place unplanned physical demands on
those pathways and pathways system that may degrade the performance
of the tel ecommunications cabl ing.

Limited demand infrastructures shoul d not be confused with low
demand. In fact, the demand may be very high but of short duration. An
example of this woul d be the tel ecommunications solutions to provide
coverage and management of sports events, which would have to
provide high level s of avai l abi l i ty during the period they are operational .
Premises containing l imited demand infrastructures are more l ikely to be
‘designed to requirement’ since it is the demand on the
telecommunications infrastructure that is designated temporary, and
during that period the systems shal l be ful ly effective against a defined
objective.

Both l imited l ife and l imited demand infrastructures need to be designed,
pl anned and instal l ed with the same degree of competence as a
permanent, continuously operated, infrastructure.

5.4 ‘Limited life’ and ‘limited demand’ infrastructures
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6 Design strategies and methods

This chapter reviews the design options that support the major
network strategy options introduced in Chapter 5. The impact of the
different approaches on project planning, procurement and
construction is outlined.

The chapter also explains the separate functions of the cabling
design and installation planning standards and how they are used,
either on their own or in conjunction with corporate standards, to
develop the telecommunications design brief for the cabling and
associated infrastructures.

This chapter makes reference to the following standards:

• British: BS 6701 , BS 8492.
• European: [BS] EN 501 73-2, [BS] EN 501 73-3, [BS] EN 501 73-4, [BS]

EN 501 73-5, [BS] EN 501 73-6, [BS] EN 501 74-1 , PD ISO/IEC TR
291 06.

• International: ISO/IEC 1 4763-2

Essential reading for: Bui lding Services Engineers,
Tel ecommunications Consul tants

Recommended reading for: Project Sponsors, Project Managers,
Architects

Optional reading for: Other special ists, Quantity Surveyors, Cabl ing
Instal l ers

Appendix A contains a detailed bibliography.

As stated in the introduction to Chapter 3, ’Convergence’ is the term
used to describe the trend towards an ever-increasing use of IP as a
means of communicating between devices – and the ever-increasing
range of devices that wi l l use IP to communicate’ and ‘… as the most
common methods of del ivering the information between IP-enabled
devices are based on the Ethernet appl ications used for office
networking, the immediate and obvious impact on the cabl ing
infrastructures within bui ldings is the use of a standards-compl iant
component set of cables and connectors – and the potential to adopt
common, although possibly separate and overlaid, cabl ing
infrastructures. ’
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Faced with the need to define operational strategies in relation to the
various telecommunications services in order to meet a strategic business
objective, a great many options may be considered. The infl uence of
convergence cannot be underestimated, and it has to be addressed at
two different level s. The first decision rel ates to the viabi l i ty (or
desirabi l i ty) of convergence to del iver a specific telecommunications
service at the technol ogy level . I f it is decided that converged sol utions
are indeed required, it is necessary to understand the impact that such a
decision wil l have on the physical infrastructure adopted for that
tel ecommunications service.

At the earl iest stages of project pl anning, it is critical to determine a
technol ogy roadmap that addresses each of the services to be provided
by the tel ecommunications infrastructure. For l arge projects, the roadmap
has to reflect the predicted changes in networking approaches and the
impacts that these changes would have on the sel ection of options within
the infrastructure.

Examples of such changes in the past that have had substantial impacts
are wirel ess networking, VoIP, PoE and thin-cl ient implementations.
Future changes coul d incl ude storage virtual ization and ‘cl oud’
computing.

Monitoring the progress of technologies against the roadmap and
assessing the compatibi l i ty of the infrastructure al l ows the overal l
infrastructure design to remain fl exible up unti l the ‘pinch-point’ concept
introduced in 4.3.5 and shown in more detai l in Figure 21 . Whil e it may
be that maintaining this flexibi l i ty as long as possible does attract costs, it
may serve to reduce the risk of unexpected increases in project costs that
would resul t from substantial changes to fixed pl ans.
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I t has to be reiterated that neither cabl ing design nor cabl e planning nor
cabl e instal l ation standards expl ain how to undertake such anal ysis – but
once the decisions have been taken, they support the design, instal l ation
and commissioning process in accordance with the stated performance
objectives.

This chapter provides further detai l regarding the design strategies and
impl ementation methods in support of the various telecommunications
services described in Chapter 5. Proof of concept is critical before any
decisions are taken as to the viabi l i ty of a particul ar sol ution.

6.1 Telecommunication service provision

6.1 .1 Telecommunications services

For the purposes of this chapter, the telecommunications services refer to
those l isted in Figure 1 7. The fol l owing sections discuss the typical
services and provide rel evant guidance that may be found useful during
the process that resul ts in the production of the telecommunications
design brief shown in Figure 21 via the process outl ined in Figure 1 6.
Appendix B provides further information for some of the services not
reviewed in this chapter.

6.1 .2 Corporate local area networks (LANs)

6.1 .2.1 Fixed infrastructures

The ‘corporate fixed LAN’ refers to the cabl e-based (copper and optical
fibre) network that is depl oyed in most commercial bui ldings to support
the business IT or certain bui lding systems.

There is a growing trend for some businesses to consider a partial
replacement of the corporate fixed LAN with a wireless impl ementation.

In some cases, there is a desire for a compl ete replacement. In both cases,
this may be a viable al ternative when the RAM anal ysis of 5.2.4 suggests
that such a sol ution matches the demands of the business. However,
concerns over data security may prevent or restrict the use of wirel ess,
and the corporate fixed LAN may remain the onl y viabl e option – and it
shoul d be remembered that even an al l -wireless implementation wil l sti l l
have a skeleton fixed LAN to enabl e wireless access points to offer access
to the network backbone.

Corporate fixed LANs are typical l y owned and operated by the occupier –
where it is considered to be a critical business asset. H owever, this is not
always the right approach, and the advent of managed service solutions –
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particularl y in mixed-use environments or multi -tenanted properties –
offers the possibi l ity that a third-party service provider could operate, or
even own and operate, the corporate fixed LAN on behal f of the
occupier(s).

The business may have justified reasons to consider the outsourcing of
the investment in LAN infrastructure and the associated management of
the service it del ivers. Key issues to be addressed before a formal
management decision can, and should, be made incl ude work fl ow, data
security, compl iance procedures, financial metrics, agi l ity and the
fl exibi l ity for adds, moves and changes.

I t should be pointed out that not al l equipment that is considered part of
a corporate LAN may be designed to connect directl y to structured
cabl ing. Although the percentage of such equipment is steadi ly reducing,
l egacy systems may exist that require adaption by means of proprietary
interfaces that al l ow its use within the transmission performance
envelope provided by structured cabl ing. This is also true of a wide range
of other services (see 6.1 .4).

6.1 .2.2 Wireless infrastructures

Corporate wirel ess LAN refers to the wirel ess-based network that needs
to be deployed for the purpose of providing mobil ity to users with
portable IT devices such as smartphones, together with wireless-equipped
l aptops, netbooks or tabl et devices. I t should be remembered that even
where data security considerations precl ude a corporate wireless LAN, it
is usual l y necessary to provide wirel ess LAN guest access to al low visitors,
contractors and staff access to the publ ic internet.

Design options include the deployment of an occupier
owned-and-operated wireless LAN infrastructure or of a publ ic Wi-Fi
hotspot/hotzone within the bui l ding or on campus.

A business wil l need to assess the need for a corporate wireless LAN
during the devel opment of the tel ecommunications design brief, and, if
required, decisions wi l l have to be taken with regard to the intended
coverage, i .e. universal or l imited to specific zones. Where the business
does not have access to a CTO or CIO with appropriate competence
authority to make decisions on behalf of the project sponsor, then
special ist advisory services should be considered to assist and manage the
decision-making process.

Earl y decisions are vital , as bui lding designers may need to select
construction materials, spatial geometry and interior designs in order to
provide a ‘wirel ess-friendly’ environment. A telecommunications special ist
may also be empl oyed to model the wireless performance of a bui lding
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to determine the strategic locations for wireless access points (i .e. the
devices, usual l y cei l ing mounted, that wirelessly transmit and receive data
to end user devices).

6.1 .3 Server access or data centre LANs

6.1 .3.1 General

Most enterprises have server rooms (al so cal l ed computer rooms) that
contain the equipment that stores and processes business-rel ated
appl ications and associated data. The size and complexity of such spaces
vary according to the business needs.

As indicated in Chapter 4, al l such spaces are considered to be data
centres from the cabl ing perspective, and are subject to specific cabl ing
design and instal lation standards that address topologies, configuration
and instal lation pl anning and practices. To be specific:

• structured cabl ing design aspects for al l types of data centre are
addressed in [BS] EN 501 73-5 (equival ent to ISO/IEC 24764) and
ANSI/TIA-942-A, al though the l atter addresses many other facets
specifical l y appl icabl e to l arger data centres;

• general cabl ing instal lation pl anning and practices within al l types of
data centre are addressed in specific cl auses of [BS] EN 501 74-2 and
ISO/IEC 1 4763-2.

However, in larger data centre constructions there are substantial added
compl exities arising from the need to co-ordinate with the mechanical
and el ectrical aspects catering for high-performance computing.

These faci l ities are not al ways l ocated in the premises they serve, and
they may be owned and operated by the enterprise or hosted by third
parties.

6.1 .3.2 Fixed infrastructures

While the corporate LAN provides connectivity to end users, a business
with an on-site data centre faci l ity wil l need to depl oy a fixed cabl ing
infrastructure to enabl e access to the servers within that faci l i ty. This may
also apply to the fixed cabl ing infrastructures within ‘owned and
operated’ faci l i ties that are located off-site.

If the data centre is to be located off-site, under any form of in-house or
external contractual agreement, the design of the cabl ing infrastructure
providing access to that external service provision becomes a critical
aspect of the RAM analysis outl ined in 5.2.4.

6.1 Telecommunication service provision
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6.1 .3.3 ‘Cloud computing’

A total rel iance on the publ ic cloud for appl ications services such as office
automation and emai l , finance and human resources systems makes the
design of the cabl ing infrastructure providing access to that external
service provision a critical aspect of the RAM analysis outl ined in 5.2.4.

H owever, at the time of writing, publ ic cloud impl ementations are in the
earl y adopter stage, and rel iance on in-sourced or outsourced data centre
infrastructure is fairly widespread.

6.1 .3.4 Telephony/unified communications

Tel ephony requirements together with unified communications
appl ications can greatly influence the tel ecommunications cabl ing design
in bui ldings.

Anal ogue telephony historical l y used components and cabl ing structures
(e.g. ‘block wiring’) that are incompatible with the del ivery of other IT
and wider tel ecommunication services. The advent of structured cabl ing,
in accordance with [BS] EN 501 73 series standards and their international
and North American equival ents, continued to support the use of
mul ti-pair analogue tel ephony cables as part of the backbone cabl ing
technology mix, but required distribution to the user via
higher-performance-category cables and connections that provided
generic appl ication support.

The trend towards VoIP and IP tel ephony in most new buil dings has
resul ted in the replacement of the analogue tel ephony cables in the
backbone. However, national l egisl ation or l ocal regul ations may demand
the presence of at l east some traditional private branch exchange (PBX)
or direct exchange l ines which may necessitate an independent backbone
cable distribution.

The tel ephony infrastructure may be owned and operated by the
business or outsourced to an external service provider but whil e the
hardware and accompanying firmware may be outsourced, the cabl ing
infrastructure may not. This produces an additional l ayer of management
complexity in administration since additional management overheads
arise when a telephony service is outsourced and the corporate LAN
infrastructure is not.

As a result, a common outsourcing approach wil l usual l y combine the
corporate LAN and telephony services, implying a third-party managed
cable infrastructure as wel l .
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6.1 .4 Other services

Many bui ldings need to support other ‘extra-low-vol tage’ appl ications,
some which are l isted in Figure 1 7. The requirements for such systems are
usual ly business-driven. For example, audio-visual multimedia services can
be depl oyed using structured cabl ing over the corporate LAN whi le
electronic security systems such as CCTV or door access control may use
the corporate LAN or be supported over a standalone bui l ding
management LAN) via a paral lel structured cabl ing infrastructure.

Convergence, reflecting the increasing pervasiveness of IP and Ethernet as
the communications medium, together with the impl ications of such
decisions on the al l ocation of spaces and pathways, are fundamental to
the effectiveness of the bui l ding.

These impl ications are reflected in new implementations of structured
cabl ing. [BS] EN 501 73-6 (under devel opment at the time of publ ication
of this book) defines topologies to support a wide variety of distributed
bui lding services.

As shown in Figure 22, the structured cabl ing may be used to connect to
a singl e converged technology device such as an IP camera or a wirel ess
access point. Alternativel y, the structured cabl ing may feed a service
control point (SCP) where local interface equipment can be instal l ed to
support a wide range of devices such as sensors and actuators in an
unrestricted topol ogy (and provide power to them as required).

A new series of standards, EN 50600 (in preparation at the time of
publ ication of this book), provides requirements and recommendations
for a variety of faci l i ties and infrastructures in data centres. Many of
these infrastructures (e.g. power distribution, environmental control and
security) require the provision of sensors to measure operational
parameters. [BS] EN 501 73-6 wil l provide the structured cabl ing
approaches to support such demands. For exampl e, an SCP can be
located:

• adjacent to power distribution units, to connect a number of power
consumption monitors;

• within a cabinet to connect or a number of environmental
monitoring devices (temperature, humidity, air flow, etc. ).

6.1 .5 Integration

As is specifical l y mentioned in 6.1 .2 and 6.1 .4, the structured cabl ing may
be used to support any or al l of the fol l owing:

6.1 Telecommunication service provision
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• IT and other distributed bui l ding services that communicate using,
directly, the standardized IP-based appl ications designed to operate
over the relevant transmission performance envelopes;

• IT and telecommunications services that can be configured by the use
of adaptors or other media convertors to operate over the rel evant
transmission performance envel opes;

• distributed bui l ding services that adopt very l ocal ized non-structured
cabl ing distribution networks fed via local concentration points that
communicate with ‘head-end’ end equipment over structured cabl ing
by either of the two previousl y mentioned transmission methods.

Figure 22 – ‘Distributed building services’ cabling in EN 501 73-6
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The decisions regarding the degree of service convergence to be appl ied
and the resulting methods of implementation require the involvement of
a tel ecommunications special ist to mitigate any risks of incompatible
interfaces or cabl e types.

6.2 Diversity

Independent of the type of tel ecommunication service provided by an
infrastructure, one of the most significant impacts on both capital and
operational costs is the provision of diversity, i .e. the additional
infrastructure and equipment required to provide that service in the
event of the fai l ure of the primary provision.

The RAM analysis of 5.2.4 suggests that a ful l -scale review of diversity
shoul d consider:

• external service provision;
• external access provision (including multiple entrance faci l ities to the

premises);
• additional infrastructures between distribution spaces;
• multiply-routed infrastructures from distribution spaces to end users

(or the equival ent).

The impl ications of diversity go far beyond the basic costs associated with
the instal l ation of redundant spaces and pathways. For exampl e, the
spaces require power and environmental control , and the equipment
within them has to be specified to make effective use of the diverse
routing offered by the infrastructures. The degree of automation
involved in any diversity-based actions al so places increased
responsibi l ities on the operational management of the services provided.

Cl earl y, the total costs of diversity have to be weighed against the
demands for the maintenance of provision of each particular service. I t is
equal ly cl ear that the ‘operational analysis’ of 5.2.3 has to incl ude a
diversity analysis in terms of both cost and bui lding design, since it may
become impossible to provide the desired level of diversity if adequate
spaces, pathways and associated infrastructures are not avai lable.

6.2 Diversity
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The application of ‘structured’ cabling design standards

There are four ‘premises-specific’ generic or ‘structured’ cabl ing
design standards that appl y in Europe – these are
[BS] EN 501 73-2 (office premises), [BS] EN 501 73-3 (industrial
premises), [BS] EN 501 73-4 (homes) and [BS] EN 501 73-5 (data
centres). There are equivalent, though not al ways identical ,
standards at the international l evel and in North America.
These standards specify the different structures, dimensions and
minimum performance of the cabl ing subsystems that serve to
produce generic cabl ing in the rel evant premises types.

However, it is a serious mistake to assume that the appl ication
of any of these standards is l imited only to the particular
premises type mentioned in the titl e of a standard. For
example, hospital s are best served by the solutions provided by
‘office’ standards – because they have the most appropriate
cabl ing structure. Airports are simil arl y best served by the
‘industrial ’ standard because of their dimensions.

A future [BS] EN 501 73-6 wil l define structures, dimensions and
cabl ing performance for distributed bui lding services – for
example, serving wireless access points or systems for access
control , survei l l ance or bui lding automation. This standard is
intended to be appl ied in any type of bui lding, and represents
an overlay for the main IT infrastructures detai l ed above.

As mentioned in Chapter 4, virtual l y every commercial bui l ding
contains a data centre of some type, and in this respect
[BS] EN 501 73-5 al so represents an overl ay. H owever, because
data centres may be housed in dedicated bui ldings, the
standard is sometimes seen as ‘premises-specific’, but the
cabl ing described is onl y that of the data transport, processing
and storage functions within the data centre itself. The other
tel ecommunications services, e.g. basic IT services such as
tel ephony or LAN connectivity, are served by [BS] EN 501 73-2.

6.3 The application of cabling design and planning
standards

Many cl ients operate their own corporate standards for the various
aspects of tel ecommunications infrastructure design, planning,
instal l ation, commissioning and operation. Sometimes those corporate
standards reference standards without real l y understanding the
impl ications of that reference. In other cases, the corporate standard may
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largel y ignore standards because they are fel t to be inappl icabl e to the
particul ar circumstances of the cl ient.

These two scenarios reflect a general l ack of understanding of how the
telecommunications standards have devel oped to support
telecommunications special ists. I t is wiser for cl ients to refer to, and
require conformance to, the establ ished regional standards that address
each aspect before adding specific nuances that tai lor those standards to
their particul ar approaches. Adopting this approach makes a corporate
standard much easier to create (in the knowledge that al l the key
elements are covered) and makes it substantial l y easier for al l involved to
have confidence in those corporate standards.

Whether or not corporate standards are appl ied in a given circumstance,
it is undeniable that effective impl ementation of telecommunications
infrastructures depends upon the appl ication of qual ity assurance
standards to the design, pl anning, instal lation, commissioning and
operating processes. The requirements of the appropriate qual ity
assurance schemes are defined in two important multinational
standards – for Europe, [BS] EN 501 74-1 provides the correct references
whil e, international l y, ISO/IEC 1 4763-2 defines simil ar approaches.
Unfortunatel y, there is no direct equivalent in the North American
standards structure.

The standards therefore define minimum level s of conformance that can
be used as a basis for corporate standards to be bui lt – embracing the
recognized regional and/or national standards but adding to them as
appropriate.

[BS] EN 501 74-1 is essential ly universal – written to support al l types of
telecommunications cabl ing in al l types of premises – and defines the
minimum requirements (and best practice recommendations) to cover the
instal lation specification and qual ity assurance processes. Obviousl y, such
standards are written for practitioners. It is the role of special ists to map
user requirements using the appl icable standards.

Both [BS] EN 501 74-1 and ISO/IEC 1 4763-2 focus on two fundamental
procedures – the development by, or on behalf of, a cl ient of an
instal lation specification and the agreement between the instal l er and
the cl ient (or their representatives) of a qual ity plan that sets out how
that instal l ation specification is going to be compl ied with. The two
standards detai l the key aspects to be addressed in each of the
procedures. These aspects are abl e to be appl ied to any design sol ution
involving the instal lation of tel ecommunications cabl ing, and are so
valuable in contractual terms that their appl ication is extended beyond
cabl ing by other standards such as BS 6701 (incorporating
telecommunications equipment).

6.3 The application of cabling design and planning standards
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This chapter focuses on the requirements of [BS] EN 501 74-1 because it is
more general than ISO/IEC 1 4763-2 – since [BS] EN 501 74-1 supports the
implementation of any tel ecommunications cabl ing design – whether
‘structured’ or ad hoc.

The first aspect to be addressed within the instal l ation specification is the
sel ection of an appl icable telecommunications cabl ing design standard.
The difficul ty sometimes encountered in sel ecting an appropriate
standard often leads users to reject or ignore the benefits of their use.

Design standards for structured cabl ing provide three key pl atforms upon
which to bui ld, as fol lows:

• Structure. Unfortunately, the titles of the design standards indicate
their appl icabi l i ty to a particul ar type of premises, e.g. offices. I t is
not immediatel y obvious that the ‘office’ standard is appl icable to
hospital s or school s. However, the structure of the interconnected
cabl ing subsystems used in offices is whol l y appl icable to the future
operation and maintenance of infrastructure in hospital s, school s and
many other types of premises.

• Dimensions. The industrial premises standards were not only created
to reflect the structures appl icable to those situations – they were
al so physical ly extended to take account of the scal e of l arge
industrial plants. Airports are of simi lar scal e, and the industrial
standards form a good basis on which to address airports, retai l parks
and other simi larl y sized constructions.

• Minimum levels of transmission performance to be delivered in the
different parts of the cabling structure. Whereas the structures and
dimensions are largely non-negotiable, the actual transmission
performance required by a cl ient may be significantl y above that
which meets the minimum requirements of the standard – and a
range of performance options are given. It is important to reiterate
that generic cabl ing design standards such as those of the
[BS] EN 501 73 series are not simpl y ‘one-stop shops’, and a reference
to a design standard is no substitute for a comprehensive instal l ation
specification that defines the options (e.g. media type or cable
category) that have been sel ected.

The planning process, which is critical to the devel opment of the
instal l ation specification, converts the appl ication of the relevant design
standard into a ‘real ’ infrastructure.

One of the most critical issues is that of environmental performance.
[BS] EN 501 74-1 requires that the instal lation specification takes the
predicted instal lation and operational environments into account when
sel ecting cabl ing components, instal l ation techniques and/or methods and
al so detai l any mitigation products or techniques necessary to al low the
components sel ected to be instal l ed and operate as specified when
subjected to those environmental conditions.
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NOTE: Cabl ing components include any product associated with the cabl ing

instal lation, including cables, connecting hardware, closures, cabinets, frames, racks

and pathway systems together with components used to provide earth

connections.

Environmental aspects are addressed in two stages. The [BS] EN 501 73
series addresses the most common environmental conditions that directl y
affect cabl ing by applying the MICE cl assification approach.
[BS] EN 501 74-1 requires the pl anner to assess the l ocal environment into
which the cabl ing is to be instal l ed against the boundary conditions of
the MICE system outl ined in Figure 23.

Different points al ong the cabl e route may be subject to different MICE
classifications. As an exampl e of this, consider the cabl ing between a
telecommunications room and an end user. The cabl ing within the
telecommunications room may experience a relativel y benign
environment (M 1 I 1 C1 E1 ) since transmission equipment such as network
switches needs to be accommodated and operated within such spaces.
However, once the cable emerges from the tel ecommunications room, it
may experience elevated temperatures (perhaps due to the proximity of
the pathway to heating pipes) that would modify the environment to
M1 I 1 C2E1 . Along its route it may pass sources of electromagnetic noise
that would push the E cl assification to E2. Final ly, the end user location
may be in a laboratory where it is necessary to intermittently ‘pressure
wash’ the areas containing the connection points, rendering that location
an M 1 I 3C1 E1 environment.

Figure 23 – The MICE classification system
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Of course, no standard can be expected to cover every situation, and the
MICE cl assification specifical ly points out that certain situations (e.g.
nucl ear faci l i ties) are not adequatel y addressed. However, the vast
majority of issues are highl ighted and are required to be the basis of any
product selection and instal lation pl anning solutions employed and
defined in an instal lation specification.

Additional ly, the [BS] EN 501 74-1 standard requires that the fol lowing
more gl obal parameters are considered:

• atmospheric pressure;
• biological attack (e.g. mould or fungal growth);
• physical damage (accidental or mal icious), incl uding damage caused

by animal s;
• presence, or the potential presence, of hazards (e.g. contaminating,

toxic or explosive materials);
• movement of air (e.g. caused by fans, heating and venti l ation

systems);
• wind effects;
• direct l ightning strike/l ightning-induced overvol tage.

In addition, the environmental conditions resul ting from abnormal
environmental conditions shal l be considered. These include fl ooding,
immersion in fl uids fol lowing the operation of sprinkler systems and
earthquake. The component selection or mitigation employed is required
to take into account the nature and duration of such conditions, which
leads to a decision regarding component performance or mitigation.

Environmental impact and mitigation options

As stated, [BS] EN 501 74-1 demands that either (a) the
components used are specified to operate under the predicted
conditions or (b) mitigation measures are appl ied to modify
that l ocal environment to al l ow the use of l ess robust
components. The most obvious examples that apply this
approach relate to the assessment and treatment of cabl ing
components in rel ation to temperature and el ectromagnetic
interference issues.
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H igh temperatures increase the signal attenuation within
bal anced cabl es, which reduces the operabl e distance
(undermining the dimension ‘rul es’ of the standards). If a
reduction in that distance is unacceptable, then the planner has
two alternatives – either the sel ection of a cable with a lower
initial attenuation (e.g. Category 6 rather than Category 5) or
to pl ace the cabl e in some form of cool ed pathway system. Low
temperatures present planners with other probl ems that have
to be resolved accordingl y.

Ingress protection (from both l iquid and particulate
contamination) is important for both metal l ic and optical fibre
cabl ing. In some countries, bal anced cabl ing connection points
designed for end user access are provided with shutters, but
these general ly onl y provide a basic protection against
particulate ingress. This is also true for optical fibre connections
that are al most al ways provided with caps of some type.
H owever, these provide l ittl e more that I1 performance. One of
the best examples of the success of the MICE concept is that it
is now possible to specify interfaces with I3 performance,
capable of being used in the most demanding circumstances.

The immunity of balanced cables depends upon their
construction (heavi l y screened cabl es are more immune than
unscreened cables). In a given situation, either type of cabl e
can be used, provided that additional external screening is
appl ied to the l ess immune cabl es. As the E cl assification of the
MICE system rises from 1 to 3, it becomes increasingl y necessary
to appl y mitigation techniques if balanced cabl ing is to be
used, before perhaps moving to an optical fibre solution that
might increase the cost of transmission equipment but removes
the need for mitigation.

These exampl es are used to indicate that environmental
assessment is a universal requirement. El evated temperatures
can be found in any type of premises, as can sources of
el ectromagnetic noise. Simi larly, it may be necessary to provide
cabl ing components (e.g. connectors) with protection against
immersion not just in industrial premises but also in
l aboratories that could be considered to be ‘office space’.
H ydrocarbon pol l ution is often found on industrial pl ants but
wil l al so be discovered in airports.

One more aspect that can influence the sel ection of cabl ing components
or mitigation methods is that of fire performance. BS 8492 suggests that
the preferred approach to the management of fire performance of
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telecommunication cabl ing and associated infrastructures is to apply
compartmentation within the premises and only to employ product (i .e.
material ) selection where such mitigation is not practical .

The ‘operational anal ysis’ of 5.2.3 has to at least incorporate the impact
of these environmental assessments since the decisions regarding
selection of cabl ing components and the appl ication of mitigation
methodologies can radical ly affect the cost of a specific design solution.

6.4 Financial planning

A tel ecommunications infrastructure and its supporting faci l ities combine
a wide range of components, fixtures and fittings – some of which could
be considered to be relatively temporary such as the cables, connectors
and other components that are considerably more permanent, e.g. power
suppl ies and environmental control systems.

The determination of the return on investment and the time after which
the business benefits in a financial sense from the investment made in
the infrastructure depends on how the various el ements of the
tel ecommunications infrastructure are judged.

H istorical ly, infrastructures rel ating directly to the premises themselves
(e.g. access control and bui l ding management) have been considered
‘bui lding’ assets whereas infrastructures for business operation (e.g. IT)
may have been more related to ‘fixtures and fittings’. Cl early, the
taxation rules relating to the different types of assets and associated
l evels of depreciation have an influence on the return on investment.
H owever, the impact of convergence begins to bl ur the boundaries.

Another important factor is that of refurbishment. With regard to the
structured cabl ing design process, the standards contain non-negotiable
minimum requirements for cabl ing structure and cabl ing distribution
provision together with minimum performance specifications,
supplemented by a range of higher-performance options. As outl ined in
3.1 , the objective of convergence is to use a set of standards-compl iant
cabl ing subsystems, rather than dictating a single set of components. In
some ways the design standards can be dangerous in that they restrict
the view of users, being based on the desires of the suppl y chain.
Standards are written to support users but can be gui l ty of driving those
users to demand more performance (at higher cost) than they real ly
need: for example, instal l ing Category 7A components when Category 5
would have been perfectly adequate.

The European, North American and international cabl ing design
standards define component sets (cables and connectors) with a range of
transmission performance specifications ranging from ‘entry l evel ’ to
‘state-of-the-art’. Whi le ‘entry level ’ performance is predicted to have an
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extended l ifetime in support of bui lding management systems, there is
an assumption that, for IT appl ications, the cabl ing systems with higher
performance wil l have greater longevity and support evolving
appl ications – but at greater initial expense. This suggests that the
cabl ing components of the IT infrastructure may be repl aced, or at l east
added to, during the l ife of the wider tel ecommunications infrastructure.
The perceived permanence of the IT component solution may have some
infl uence on the cl assification of the nature of the asset.

In whichever way the telecommunications infrastructure is cl assified,
there is a point of ‘payback’ at which the appropriate return on the
investment is deemed to have been achieved.

Whi le there are many ways of defining exactl y when this point has been
reached, it is cl ear that it is definitel y influenced by the cost of
procurement.

Accurate financial planning is key to ensuring that the return on
investment calcul ations obtain the best possible start, and it is important
to ensure that al l rel evant contingencies are appl ied. This obviousl y is
more important for large projects than smal l ones – primari ly because of
the sums involved, but also due to the extended timescales invol ved.

Another factor that is often overlooked is the impact of variations in
exchange rates and commodity prices. The impact of exchange rate
variations is wel l understood, but the rel ativel y unstable nature of copper
and pl astic prices can infl uence instal led cabl ing costs quite dramatical ly.
The risk of a substantial impact on the overal l project costs may be offset
by financial mechanisms such as insurance pol icies that guard against
fluctuations.

Contingencies shoul d be considered, and may be appl ied against the
obvious technical and administrative risks (see Chapters 7 and 8,
respectively).
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7 Identifying and managing
technical risks

This chapter highlights the technical risks during the early phases of
the construction project and the controls necessary to mitigate those
risks.

This chapter makes reference to the following standards:

• British: BS 6701 , BS 7671 .
• European: [BS] EN 501 73 series, [BS] EN 501 74-2, [BS] EN 501 74-3,

[BS] EN 60825-2.
• International: ISO/IEC 1 4763-2.

Essential reading for: Project Sponsors, Project Managers, Bui l ding
Services Engineers, Tel ecommunications Consul tants, Cabl ing Instal l ers

Recommended reading for: Architects, Other special ists

Optional reading for: Quantity Surveyors

Appendix A contains a detailed bibliography.

Chapter 5 discusses the appl ication of an iterative approach used to
develop a design brief for the telecommunications special ist relying on
the successful co-ordination and al ignment of business strategy,
operational strategy and RAM analysis. I t was pointed out that the
application of this three-pronged approach may not result in the
definition of a singl e solution during the earl iest stages of a project.

As shown in Figure 24, the final decisions for spaces are reached before
those for pathways, and they in turn are made before those necessary to
define the final technical specification of the cabl ing or equival ent
infrastructures. The final decision represents ‘design freeze’ points, after
which ‘change control ’ procedures are put in place, which, in turn, mean
that the cost of changes has to be borne by the project and that the
scale of these costs tends to increase with time and al so as each
subsequent design decision point is passed.

This chapter highl ights the risks and outl ine the approaches that may be
empl oyed to mitigate those risks.
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7.1 Spaces and pathways

7.1 .1 General

I f impl ementation options exist within the tel ecommunications design
brief, it is critical that the spaces and pathway decisions taken at RIBA
Work Stages C and D are supportive of al l the options under
consideration at that stage.

Any changes made to the space and pathway envelopes without
high-level consideration may impact the implementation of the final l y
approved technical sol ution. The danger is that the ful l impl ications of
such changes may onl y be understood by the tel ecommunications
special ists and missed by other special ists – resul ting in uncontrol led
changes that may cause serious shortfal ls in tel ecommunications capacity
within the bui l ding that ultimately affect the business strategy empl oyed.

7.1 .2 Spaces

The principal technical risk is that the al l ocation of spaces defined at the
early stages of the bui lding design process to support al l the possibl e
telecommunications infrastructure implementation options are modified
during the construction phase – by persons or organizations who do not
real ize the impact of those modifications – before the final technical
solutions are agreed at the pathways and infrastructure pinch points
(typical ly at RIBA Work Stages D and F, respectivel y) indicated in Figure
21 . The cabl ing planning and instal lation standards cannot be rel ied upon
to prevent such changes being made – they onl y act as a qual ity
assurance mechanism during the l owest-level suppl y contract.

It is critical that contractual statements are appl ied to the entire
construction contract process, to require that any changes to the
three-dimensional al location of bui lding vol umes to tel ecommunications
spaces (for whatever reason) are flagged at the highest level .

Typical issues that need to be guarded against include:

• reduction of the overal l dimensions of the spaces;
• routing of other infrastructures (such as water pipes) through the

spaces;
• changes that would affect any proposed segregation within the

spaces with respect to joint use;
• changes that would enable, or remove restrictions for, unauthorized

access to connection points dedicated to telecommunications services
for other business areas as discussed in Chapter 5;

• safeguarding (protection) of the spaces during bui lding construction.
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Incorrect provision of power suppl ies to, and environmental control
within, the spaces are directly related, and represent a technical risk
during both the design and ongoing operation of the spaces. The
provision of adequate electrical power is critical to the effective
operation of telecommunication equipment. Simi larly, the capacity of the
environmental control needs to match the demands of that
tel ecommunications equipment.

Clearly, the initial estimated demand for power suppl ies and
environmental control can also only be achieved with the assistance of
tel ecommunications special ists. As the contents of cabinets, frames and
racks tend to be subject to substantial change over their l ifetime, the
el ectrical provision should err on the side of caution – even if that incurs
additional upfront cost – since retrofitting is difficult or impossible
without disruption to operation (l eading to greater cost). This appl ies to
al l spaces within the bui l ding that wil l accommodate telecommunications
equipment, but is particul arly appl icable in areas of bui l dings that wil l be
designated as data centres.

Because of the potential changes to both the power consumption and
the associated cool ing requirements during the l ife of the spaces, it is
sensible to appl y a modular approach for both the power suppl y and
environmental control systems that can support the maximum predicted
l oad. This approach not only al lows a phased introduction of demand
(which may result in l ower initial costs) but may provide greater
operational effectiveness by operating each modul e in its highest
efficiency modes (e.g. UPS solutions).

I f a number of impl ementation options exist within the
tel ecommunications design brief, the costs of supporting al l the options
may differ dramatical l y. Before any bui lding faci l ities requirements brief
is created to support that telecommunications design brief, it is critical to
determine these costs (both direct and indirect) with the input of
rel evant mechanical and electrical expertise. If the cost of supporting al l
the options is viewed as ‘material ’ within the overal l project cost, it may
be necessary to discuss the viabi l ity of the most expensive option(s) with
the project sponsor. This al l ows the most expensive option(s) to be
discounted via a formal mutual ly agreed decision.

This underl ines the need to co-ordinate the input of tel ecommunications
special ists with the direct experience of implementation practice prior to
RIBA Work Stage C alongside the appropriate mechanical and el ectrical
expertise, as shown in Figure 24; fai lure to do so leaves the responsibi l i ty
of any resulting expenditure with those responsibl e for the mechanical
and electrical design.
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7.1 .3 Pathways and pathway systems

The principal technical risk is that the al l ocation of pathways devel oped
at the early stages of the bui lding design process to support al l the
possible telecommunications infrastructure impl ementation options are
modified during the construction phase – by persons or organizations
who do not real ize the impact of those modifications – before the final
technical solutions are agreed before the infrastructure pinch point
(typical ly at RIBA Work Stage F) shown in Figure 21 . The cabl ing pl anning
and instal lation standards cannot be rel ied upon to prevent such changes
being made – they only act as a qual ity assurance mechanism during the
lowest-level supply contract.

It is critical that contractual statements are appl ied to the entire
construction contract process to require that any changes to the
three-dimensional al location of bui lding vol umes to pathways (for
whatever reason) are flagged at the highest level .

Figure 24 – Cost review of space provision options
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Typical issues that need to be guarded against incl ude:

• reduction of the overal l dimensions of the pathways;
• restrictions of access to insertion and extraction points both during

and after instal lation (e.g. bui l ding of fixed constructions adjacent to
the pathway systems or cabl e management systems);

• changes that woul d affect any proposed segregation within the
pathways and pathway systems with respect to joint use;

• changes that woul d affect any necessary segregation within or
between pathways and pathway systems with respect to protection
and electromagnetic interference;

• changes that woul d enabl e, or remove restrictions to, unauthorized
access to pathway systems dedicated to telecommunications services
for other business areas as discussed in Chapter 5;

• safeguarding (protection) of the pathways and pathway systems
during bui l ding construction.

Pathway system selection

Pathway system selection and the resulting segregation rul es
within, or around, those pathway systems in relation to power
suppl y cabl ing result from two separate perspectives – and this
tends to mean that the rel evant requirements and
recommendations exist in two types of standards.

Safety and protection of tel ecommunications equipment
connected to telecommunications cabl ing are general l y treated
in national standards. In the UK, the rel evant standards are
BS 6701 and BS 7671 . As these rel ate to safety, the
requirements of these documents form the minimum
requirements for any instal lation.
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H owever, from the tel ecommunications-planning viewpoint, it is
critical that the sel ection of pathways and the resul ting
segregation rules take account of the risk of interference posed
by power suppl y cabl ing. The most comprehensive set of
requirements in this area are provided in the European
standards [BS] EN 501 74-2 (inside bui ldings) and
[BS] EN 501 74-3 (outside bui ldings) – al though simil ar
requirements are incl uded in ISO/IEC 1 4763-2. In al l cases, the
required separation distances between telecommunications and
power suppl y cabl ing can be mitigated by the sel ection of the
material s of the pathways systems. For example, pl astic conduit
or trunking systems wil l provide excel lent safety protection but
wil l do nothing against electromagnetic interference, whil e
metal l ic pathway systems may provide improved l evels of
immunity but require specific instal l ation practices to maximize
that benefit. Of course, the choice of telecommunications
cabl ing design also has an impact – with screened or optical
fibre cabl ing presenting other mitigation opportunities. In
rel ation to electromagnetic interference, standards such as
[BS] EN 501 74-2 present the information from the perspective
of the telecommunications cabl ing planner. H owever, the power
supply cabl ing planners viewpoint is catered for by a European
standard, HD 60364-4-444. This document is not an EN standard
but forms the basis for the production of national el ectrical
wiring standards. The requirements of HD 60364-4-444 in the
UK are included in Amendment 1 of BS 7671 , publ ished in July
201 1 .

An understanding of the combined requirements of safety and
el ectromagnetic interference that are publ ished in multipl e
standards is sometimes best served by some form of trade
association documentation. In the UK, the Tel ecommunications
Infrastructure Advisory Board (TIA-B: www.tiab-onl ine.co.uk)
provides a standards interpretation document on this subject.
This document is avai l abl e free-of-charge to members of two of
the TIA-B host associations, the Fibreoptic Industry Association
and the El ectrical Contractors Association.

Additional considerations that need to be addressed in relation to the
sel ection of pathways and pathway systems or cabl e management
systems and which can be considered to represent a technical risk include:

• the suitabi l ity of the sel ected pathway systems or cable management
systems in rel ation to the MICE cl assification;
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• the effectiveness of any mitigation of the MICE environmental
cl assification provided by the pathway systems or cabl e management
systems to the cabl es contained therein;

• the functional earthing of pathway systems or cable management
systems that are intended to provide some form electromagnetic
screening to the cabl es contained therein;

• the physical robustness of the pathway systems or cabl e management
systems with respect to the protection of the cables (with specific
reference to earthquake zones or other areas of vibration);

• the compatibi l ity of the pathway systems or cabl e management
systems with the types of cables to be contained, e.g. bend radius (as
either single or bundled cables), loading or l engths of unsupported
cables;

• the support for the desired fire performance of the bui l ding in terms
of fire barriers, fire-stopping techniques that are able to be appl ied
to the pathway systems or cable management systems (and their
materials).

These issues can onl y be addressed by a telecommunications special ist
with current knowledge of the telecommunication cabl ing standards. In
these technical areas, the standards are sufficiently mature to be
considered in a simi lar manner to those addressing electrical cabl ing (e.g.
BS 7671 ) where amendments tend to be minor and address specific issues.

If a number of impl ementation options exist within the
telecommunications design brief, the costs of supporting al l the options
may differ dramatical ly. Before any bui l ding faci l ities requirements brief
is created to support that telecommunications design brief, it is critical to
determine these costs (both direct and indirect) with the input of
relevant mechanical and electrical expertise. If the cost of supporting al l
the options is viewed as ‘material ’ within the overal l project cost, it may
be necessary to discuss the viabi l ity of the most expensive option(s) with
the project sponsor. This could al l ow the most expensive option(s) to be
discounted via a formal mutual l y agreed decision.

This underl ines the need to co-ordinate the input of telecommunications
special ists with the direct experience of impl ementation practice prior to
RIBA Work Stage C alongside the appropriate mechanical and electrical
expertise as shown in Figure 25; fai l ure to do so leaves the responsibi l ity
of any resulting expenditure with those responsible for the mechanical
and el ectrical design.

7.1 .4 Diversity

As highl ighted in 6.2, the provision of diversity represents a cal culation of
risk versus cost – both in direct financial terms and in the use of
additional spaces, power supply, environmental control and
interconnecting pathways.
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Fai lure to implement the necessary spaces and pathways required to
provide the desired levels of diversity represents a fundamental technical
risk that cannot be easi ly rectified at a later stage.

7.2 Cabling performance

As mentioned in 6.4, the cabl ing design standards contain non-negotiable
minimum requirements for cabl ing structure and cabl ing distribution
provision, together with minimum performance specifications –
supplemented by a range of higher-performance options.

A technical risk exists where the cabl ing specification (and therefore the
specification of the cables and connectors) does not reflect the l ikely
evolution of the appl ications del ivering the various telecommunications
services.

Figure 25 – Cost review of pathway provision options
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H istorical ly, the most demanding networks that have driven the choices
for cabl ing performance have been those supporting the ICT services of
the corporate, server access or data centre LANs. The minimum
standards-based implementation of corporate LANs to the end user
requires the instal l ation of cabl ing to support 1 000BASE-T – a solution
that also matches the demands of bui lding ‘control ’ systems such as
BAS/BMS and access control systems (ACS). By comparison, the minimum
standards-based implementation of server access or data centre LANs
requires the cabl ing to support 1 0GBASE-T.

H owever, the demands of high-definition multimedia appl ications are
beginning to require the instal l ation of higher-performance cabl ing
implementations and the almost automatic use of screened cabl ing
components associated with such technologies.

Figure 26 – Standards-based implementation rules
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7.3 Cabling topology/architecture

Misunderstanding the needs of the various telecommunication services
represents a clear and obvious technical risk. The term ‘misunderstanding’
covers a wide range of issues but the most serious is a fai lure to obtain a
ful l picture of the degree of convergence that is required, including:

• basic convergence as defined by this document al lows the use of a
set of standards-compl iant components within a common topol ogy
and structure as defined by the structured, or generic, cabl ing
standards such as the [BS] EN 501 73 series. H owever, the use of a
common set of structural distribution model s does not automatical ly
mean the sharing of the same spaces or pathways;

• overestimating the required degree of convergence, for example by
enforcing the use of shared spaces or pathways may result in
fundamental problems once the premises become operational ;

• underestimating the required degree of convergence may result in
the incorrect al l ocation and location of spaces and pathways
(potential ly wasting commercial ly viable space in the premises) which
prevents any subsequent amendment of the convergence strategy;

• Spaces and pathways are difficult or impossible to reconfigure since
impl emented and poor decisions made at RIBA Stages C and D are
rarel y able to be corrected at Stage J ;

• Mitigating this risk requires that telecommunications special ists be
involved to undertake an iterative approach combining top-down
and bottom-up anal yses of the desired degree of convergence and
the impl ications that has for the network topologies and resulting
architectures within the premises;

• Having determined the correct apportionment and segregation of
spaces and pathways required to meet the desired level of
convergence, the next technical risk invol ves the correct appl ication
of the sel ected cabl ing design standards to ensure the most
comprehensive appl ication support.

The principal dimension to be considered is the l ast ‘1 00 metres’ often
quoted (and sometimes misquoted) in rel ation to the cabl ing l ength
between the user equipment ‘at the desk’ and that in the local
telecommunications room. Figure 26 shows that the 1 00 metres is a
special case rather than a general requirement and indeed the true
maximum may be l ess than that supposed l imit.

Certain appl ications (particul arly those of l ow demand, del ivering l ower
data rates) wi l l operate over greater distances but the ‘ki l ler apps’ tend
to be restricted to the standard-based l engths of Figure 26. Equal l y
importantl y, new network appl ications undergoing development tend to
assume that users have implemented these rul es. Therefore, whi le it may
be tempting to flex this maximum length (where the al ternative is the
instal lation of additional tel ecommunications rooms), there is a defined
risk of not achieving the widest appl ication support over l engths in excess
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of those specified by the standards. Mitigation of such a risk is not
possibl e and, if implemented, the l onger l engths would have to be
described as suboptimal in terms of potential appl ication support.

There are no dimensional restrictions on the remainder of the premises
infrastructure (either inside or outside the bui ldings). In these areas the
design phi l osophy is to instal l the correct combination of transmission
media (cable types) to ensure that the desired appl ication support is
possibl e over the distances present. Figure 27 provides useful guidance
for a mix of appl ications and cabl ing specifications.

External cabl ing on a multi -bui l ding campus deserves careful attention if
an opportunity is identified to modify the use of the campus over time.
An example of this is a [BS] EN 501 73-2 impl ementation where a defined
bui lding acts as a central point of distribution that may be al tered to a
series of independent bui l dings, each served by a network access
provider. Figure 28 shows the topol ogy pl anning that may be considered
in such cases.

Figure 27 – Backbone application support using balanced cabling
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7.4 Cabling distribution density

The greatest risk in any implementation of premises cabl ing is
‘underprovision’ of corporate fixed LAN connection points. A fai lure to
provide the necessary quantity obviously affects basic operation of the
premises, and may be irrecoverable – since the requirements for spaces
and pathways and the associated infrastructures that serve them may also
be underestimated.

Figure 28 – Campus topology to support change of use
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By comparison, overprovision provides greater business flexibi l ity but is
al so very expensive, both for cabl ing and in terms of the wasted
resources al l ocated to those same spaces and pathways.

Correct provision necessitates some level of overprovision above the
initial base l oad. H owever, it is critical to understand the business strategy
in order to have the best opportunities to assess that base load.

Figure 29 i l lustrates two basic types of provision sol ution within
bui ldings. Figure 29 (a) provides a single density across al l the premises
based on a number of connection points per unit area. Figure 29 (b)
provides a variety of such densities based on the type of activity to be
undertaken in a given area of the bui lding (basic office, cal l centres,
trading floor, etc. ). To avoid the inevitabl e technical risk associated with
under-provision, it is critical for a tel ecommunications special ist to have
direct access to the cl ient to establ ish the desired l evel of business
fl exibi l ity required.

Providing the fl exibi l ity to move business groups using the former
approach may simply require the provision of an overlay of additional
connection points on a larger grid to act as concentration points to
support fl exibi l i ty creation and recreation of demanding business units.
H owever, providing the correct overprovision to al low high-density areas
to grow to meet business demand is difficul t to support unl ess the
highest-density areas are increased beyond their initial pl anned area.

To avoid the inevitabl e technical risk associated with under-provision, it is
critical for a tel ecommunications special ist to have direct access to the
cl ient to establ ish the desired level of business fl exibi l i ty required.

7.5 Other issues

7.5.1 Unintended consequences of convergence

One of the technical risks associated with convergence is that integration
of different management systems can have unintended consequences. It
is important that ‘what if’ analysis of integrated systems is undertaken to
assess the impact of alarms in the different systems managed. For
exampl e, a fire alarm in one area may resul t in the automatic disruption
of power suppl y to another, otherwise unaffected, area, which woul d
have unintended consequences for the corporate LAN operated in that
area – or even more significantly, the server access or data centre LAN.

Unl ess the diversity provided to the various telecommunications services is
adequate, it may be advisable to de-coupl e the integration under alarm
conditions.
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7.5.2 Regulations and legislation

While the intent of the British and European cabl ing instal lation
standards is to identify and mitigate areas of risk, compl iance to
standards should not be confused with meeting the objectives of

Figure 29 – Density options
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regulations and other legislation covering areas such as basic safety and
electromagnetic compatibi l ity. However, there are examples of
recognized safety standards such as BS 7671 for electrical wiring and
[BS] EN 60825-2 for optical fibre safety that provide rules for instal lation
and operation.

7.5.3 Maintenance of suppliers’ warranties and guarantees

The major risk in this area relates to incompatibi l i ty between the selected
pathway systems and the cables chosen to be instal led within them,
resulting in the revocation of any guarantees provided by the cable
suppl ier. The [BS] EN 501 74 standards address this issue as fol lows.

The planning tasks of [BS] EN 501 74-1 require that ‘the pathway systems
selected shal l be in accordance with the instructions suppl ied by the
manufacturers or suppl iers of the cabl ing components’. This al lows a
designer to consult the general marketplace to determine the most
appropriate pathway system for a particular type of performance of
cable.

This is reinforced by the requirements of the standards specific to internal
and external instal lation (i .e. [BS] EN 501 74-2 and [BS] EN 501 74-3), which
state that ‘the selection of cable management system shal l be made by
considering … the cabl ing products to be contained’. Once the instal lers
begin their task, these standards require that ‘instal lation of cables shal l
be in accordance with the instructions suppl ied by their
manufacturers/suppl iers’. This is a double-check system to ensure that the
technical risk of incompatibi l i ty leading to problems regarding system
warranties/guarantees are minimized.

There are many such instances of these check and double-check processes
within the [BS] EN 501 74 standards, which are dedicated to minimizing
risk for both the planner and the instal ler al ike.
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8 Identifying and managing
administrative risks

This chapter highlights the administrative risks during the early
phases of the construction project and the controls necessary to
mitigate those risks.

This chapter makes reference to the following standards:

• British: BS 6701 , BS 7671 .
• European: [BS] EN 501 73 series, [BS] EN 501 74-2, [BS] EN 501 74-3,

[BS] EN 50346, [BS] EN 60825-2.
• International: ISO/IEC 1 4763-2.

Essential reading for: Project Managers, Architects,
Telecommunications Consultants, Quantity Surveyors

Recommended reading for: Project Sponsors, Bui l ding Services
Engineers

Optional reading for: Other special ists, Cabl ing Instal lers

Appendix A contains a detailed bibliography.

The conversion of a telecommunications design brief to a completed
tel ecommunication infrastructure within the boundaries of a construction
project general ly requires the involvement of many different technical
discipl ines and contractual interfaces.

The administrative risks encountered during such a project usual l y focus
on a lack of clear specification within the tel ecommunications design
brief or an absence of continuity of telecommunications special ism
throughout the procurement process.

This chapter highl ights the risks and outl ines the approaches that may be
employed to mitigate those risks.
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8.1 Assessing the rigour of the
telecommunications design brief

The appointment of an architect by the cl ient or project manager
represents the initial step of a construction project. As indicated in earl ier
chapters, the overal l design brief created as an output from the
‘preparation’ phase should contain an element that could be termed the
tel ecommunications design brief. The greatest administrative risk to a
project exists when the telecommunications design brief and/or the
associated budget is unreal istic.

Therefore, as is common for the rest of the design brief, the architect
needs to assess the rigour empl oyed in the preparation of the
tel ecommunications design brief before accepting it – and formulating
subsequent RIBA Work Stages based upon it.

Ideal ly, the telecommunications design brief has been processed in
accordance with the methodology of converting the project sponsors
requirements into a tel ecommunications design brief, as outl ined in
Chapters 5 and 6. This ensures that the design brief matches the project
sponsors business strategy, and that that strategy has been assessed in
terms of the avai l abl e budget.

Unfortunately, as mentioned in 5.2.5, the majority of construction
projects do not conform to this approach and do not employ either a
business solutions special ist or a telecommunications special ist during the
development of the design brief. In such cases, the telecommunications
aspects of the design brief provided to the architect have to be treated
as having a substantial content of what could be termed ‘unknown
unknowns’ in relation to the required tel ecommunications infrastructure.

In order to minimize the administrative risk to the project, it is vital to
convert any ‘unknown unknowns’ into ‘known unknowns’ in order to
determine the gaps that have to be addressed. This wil l , as a minimum,
require the invol vement of a telecommunications special ist with proven
competence in the field of spaces, pathways and infrastructure design
and specification that is rel evant to the combination of
tel ecommunications services demanded by the design brief. It may
additional ly require the invol vement of a business solutions special ist if
there are more fundamental fl aws in the appl ication of the approach
outl ined in Chapter 6. This intervention to support the rol e of the
architect is shown schematical ly in Figure 30.
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Converting ‘Unknown unknowns’ to ‘known unknowns’

‘Unknown unknowns’ are easy to define – being ‘those things
that we do not know that we need to know’ – but by that very
definition are hard to spot, which is why early involvement of
special ists is important. Only by recognizing an issue can a
resolution be developed – converting that ‘unknown unknown’
into a ‘known unknown’.

Examples of ‘unknown unknowns’ in the telecommunication
field could be:

• l ifetime planning in terms of both time and avai lable
space;

• outsourcing strategies for business support functions.

Paradoxical ly, for a given project, just reading these examples
would convert them from ‘unknown unknowns’ into ‘known
unknowns’, and the first step has been taken towards
obtaining the required information (‘known knowns’) to al low
the development of specific telecommunications solutions.

Figure 30 – The role of the telecommunications specialist
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There are fundamental assessment criteria that may be appl ied to
determine the degree of rigour that has been appl ied in the
‘preparation’ phase:

• the brief identifies the ‘problem space’ and el aborates the
‘optioneering’ approach empl oyed (i .e. the reasoned argument
behind the selection of the various options contained in the brief);

• the budgetary costs aspects are both incl uded and real istic (with
supporting arguments);

• timel ines are correctl y defined, showing the business rel evance
(phasing of the tel ecommunications impl ementation, e.g. deadl ines
for avai l abi l i ty or relocation).

Even in the case of projects that are supported by rigorous
telecommunications design briefs, the tel ecommunications special ist wi l l
be abl e to convert any ‘known unknowns’ into ‘known knowns’, al lowing
the establ ishment of an effective procurement process.

The invol vement of telecommunications expertise at such an earl y stage
is unusual when the value of the telecommunications package is l ow.
H owever, the issues highl ighted above demonstrate its critical ity of such
invol vement to the operation of the business.

8.2 Procurement choices

8.2.1 Project options

Chapter 5 describes the strategies that may be empl oyed in the design
phase of specul ative bui ld, designed to requirements and multi -tenant
premises. A number of procurement routes are identified within 4.4.2
that can be appl ied as the ‘design’ phase moves into the ‘construction’
phase.

8.2.2 The role of an architect telecommunication specialist

Independent of the type of premises and the procurement options
sel ected for a given project, there is an overriding requirement, according
to construction regulations in many countries, to provide al l the rel evant
information necessary to support the procurement process. There are a
number of different measures or templ ates by which the completeness of
such a process may be assessed . For exampl e, in the UK such templ ates
and additional services are provided by:

• the J oint Contracts Tribunal (JCT, www.jctcontracts.com);
• BSRIA (www.bsria.co.uk).
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Fai l ure to provide al l the relevant information may jeopardize the proper
impl ementation of the project at the initial stages – but may be more
damaging when the fai lure to provide the correct input at the beginning
affects much l ater procurement stages in the construction process.

Fai l ure to empl oy a tel ecommunications special ist (who may al so ful fi l the
role of assessing the rigour of the design brief) to ensure the correct
appl ication of such templ ates in rel ation to the telecommunications
infrastructure represents a substantial administrative risk.

These templates cannot be arbitrari ly appl ied but must refl ect the
procurement methodol ogy selected for the project (see 8.2) and be
matched to the type of project (new buil ding, refurbishment or upgrade
as described in 4.1 ). The telecommunications special ist needs to be
competent to react to specifics of the current design brief and not simply
repeat the l ast successful project that may have been subject to different
needs.

In addition, the telecommunications special ist needs to take into account
the procurement option to be appl ied and map both the outputs at the
various contractual interfaces and the methods of their del ivery.

8.2.3 The role of a telecommunication specialist during
procurement

Within the acquisition process it is critical to ensure that the scoping,
boundaries and interfaces of the facets of the design and
impl ementation process are managed such that the ‘performance
envel ope’ (i .e. the budget, boundaries and schedul ing of the
telecommunications package) is understood by the primary contractors in
the construction process even though that package may not be directly
pl aced on those contractors.

It is unfortunate that in most cases, even if a telecommunications
special ist is employed to undertake the task set out in 8.2.2, the rol e is
not maintained during the construction process – i .e. there is no
continuity of telecommunication oversight at the various contractual
interfaces during the construction process. This represents a substantial
administrative risk, and a telecommunications (or other) special ist shoul d
be appointed by the architect or main contractor to provide appropriate
expertise from the beginning to the end of the project, as shown
schematical l y in Figure 30.

NOTE: The end of the project may extend beyond the normal practical boundaries

of the ‘practical completion’ of the base bui ld into the ‘fit-out’ phase – and may

even incorporate aspects of relocation and migration of existing faci l ities.
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This justifies the role of the tel ecommunications special ist beyond
practical completion, as described in Chapter 1 0. It has already been
pointed out in 7.1 that ‘it is critical that contractual statements are
appl ied to the entire construction contract process, to require that any
changes to the three-dimensional al location of bui l ding vol umes to
telecommunications spaces and pathways (for whatever reason) are
flagged at the highest l evel ’.

The ‘highest level ’ referenced in the text is embodied by a
telecommunications special ist who provides continuity throughout the
procurement process.

Tabl e 6 contains a typical exampl e of tasks together with their associated
scopes, risks and mitigation actions that require consistency of approach
by a tel ecommunications special ist throughout the construction phase.

Table 6 – Profiling risks

Task Typical scope Risk Mitigation

Site cl earance
Enabl ing
works

Preparing the
site for
foundations,
pi l ing and
basement dig

• Damage to
external
tel ecommuni-
cations spaces
and pathways
(maintenance
chambers and
conduits)

• Unplanned
pathway
diversions

Prior to
commencing
works:
• check and

verify
as-bui lt or
l egacy
records

• due
di l igence
checks
with
external
access
providers

Shel l and
core

Superstructure,
bui lding cores,
foundations,
basement,
fl oor slabs,
structural wal l s

Site works may
have modified
intended volumes
for
tel ecommunica-
tions spaces
(internal usabl e
dimensions for
tel ecommunica-
tions rooms,
equipment
rooms, data

Construction
l iaison with
the contractor
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Task Typical scope Risk Mitigation

centres spaces,
etc.)

Electrical 1 st
fix

Major electrical
plant/
machinery and
switchgear,
high-voltage
(HV) cable
intakes,
bui lding
earthing

Site works may
have modified
intended
segregation
between
telecommunica-
tions cabl ing and
HV (or
high-current)
power supply
cabl ing

Construction
l iaison with
the contractor.
Supply
technical
specifications
for pathway
systems and
require
compl iance
with [BS]
EN 501 74-3
(for external
pathways)

Electrical 2nd
fix

Major pathway
systems for
low-voltage
(LV)/extra-low-
voltage (ELV)
power supply
cabl ing and
telecommuni-
cations cabl ing

Site works may
have modified
intended
pathways in
terms of usabi l ity,
accessibi l i ty or
specification of
pathways systems,
leading to issues
in relation to
securing:
• identifiable

pathway
systems and
capacities for
telecommuni-
cations
cabl ing

• compatible
pathway
specifications
and
compl iance
with
telecommuni-
cations cable
system
vendor
requirements

Construction
l iaison with
the contractor.
Supply
technical
specifications
for pathway
systems and
require
compl iance
with [BS]
EN 501 74
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Task Typical scope Risk Mitigation

• segregation/
separation
from sources
of
electromag-
netic
interference

El ectrical 3rd
fix

Secondary
pathway
systems for
LV/ELV power
supply cabl ing
and
tel ecommuni-
cations cabl ing
to wal l , fl oor
or cei l ing
outlet locations
Instal l ation of
tel ecommuni-
cations cabl ing

• Compatibi l ity
of furniture
systems with
intended
cable and
outlet
presentation

• Warranty
requirements
for
end-to-end
connectivity
may be
compromised

Liaison with
the interior
designer
Liaison with
the
programme
manager and
the project
manager for
sequential
timing of
instal l ations

An associated administrative risk exists due to the mul tipl e contractual
interfaces between the initial procurement specification (within which
the tel ecommunications cabl ing el ement produced by the
telecommunications special ist wil l , by definition, be onl y a smal l portion)
and the cabl ing instal l ers.

Extended contractual chains

An exampl e of an extended contractual chain is one in which
the optical fibre cabl ing instal ler is a subcontractor to the
copper cabl ing instal l er, who is a subcontractor to the el ectrical
contractor, who is a subcontractor to the general electrical and
mechanical services contractor, who is a subcontractor to a main
contractor.

In such extended contractual chains there is a risk that aspects of the
original specifications (together with the references to the appl icabl e
standards) are amended or even del eted as the procurement crosses
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contractual interfaces. In such circumstances, the probabi l ity of the
copper or optical fibre cabl ing instal lers being able to discuss the detai l
of the standards specified by the cl ient or their consultants is low – so
even when problems are identified by those with real expertise in the
specification of design and instal l ation of telecommunications cabl ing, it
is unl ikel y that they wil l be resol ved in advance of the instal lation, and
may onl y be discussed once problems are identified.

Of course, the value-for-money of empl oying a tel ecommunications
special ist is often questioned. As highl ighted in 4.4.3, it is the
combination of the primary and secondary costs associated with
tel ecommunications cabl ing that shoul d be the basis of
tel ecommunications resource al location – and it is the mitigation of this
administrative ‘continuity’ risk that reduces the technical risks of Chapter
7.

8.2.4 The role of cabling standards and the administrative
risk of their misuse

Chapter 2 introduced the rol e of cabl ing standards in support of the
proper impl ementation of telecommunications infrastructures.

The standards were effectivel y separated into design standards and
instal lation standards. Whi le the design standards are necessary to define
the correct topol ogies, configurations and performance requirements for
the cabl ing, it is the instal l ation standards that provide the basic
requirements for the specification, qual ity assurance, pl anning and
practices associated with the instal l ations.

It is therefore critical that the tel ecommunications special ist for the
specification and planning of an instal lation is aware of the relevant
requirements of the design and instal l ation standards. Simi larl y, it is
critical that the cabl ing instal l er is aware of the relevant requirements for
qual ity assurance and instal lation standards.

A significant administrative risk involving the abuse of standards during
the procurement process tends to be rel ated to one or more of the
fol l owing aspects:

• specifiers attempting to appl y standards outside their original or
intended sphere of influence;

• specifiers appl ying an overly extensive l ist of standards – and adding
to that l ist new standards as they are publ ished – without
consideration of the impact of obsolescence, dupl ication or confl ict in
the standards contained within the l ist;

• both specifiers and instal l ers relying on the other party to be aware
of the requirements of the rel evant standards.

8.2 Procurement choices
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The ideal situation for the procurement of al l infrastructures is that the
minimum number of standards should be referenced – but that these
standards shoul d be the correct ones and that the responsibi l i ties
identified within those standards shoul d be recognized and compl ied
with. Moreover, it wil l serve to reduce the risk of instal lers being tempted
to accept contracts containing inaccurate and potential ly dangerous
requirements for compl iance to inappropriate standards or combinations
of standards.

I t is very unl ikely that the l evels of risk identified above are going to
improve in the immediate future, as new groups of peopl e become
responsibl e for the procurement of telecommunications cabl ing as it
expands to support a widening range of tel ecommunication services.

H owever, the continuity of tel ecommunications expertise across
contractual interfaces described in 8.2.3 is abl e to mitigate such risks.

8.2.5 Telecommunication cabling installation and
commissioning

Despite the necessary mitigation undertaken at earl ier contractual stages,
the actual instal l ation of telecommunications cabl ing can onl y be
undertaken once spaces and pathways are avai l abl e (i .e. during the
‘electrical third fix’ task identified in Tabl e 6). The risk of damage to the
instal l ed cable due to other trades and activities in this phase is wel l
understood, and it is normal to undertake testing of instal l ed
tel ecommunications cabl ing l inks as soon as possible and preferabl y in
paral lel with the termination of those l inks, to determine the initial
performance.

This testing may be separate from any contractual testing (which may be
subject to witness process, third-party verification or independent audit).
The presence of a telecommunications special ist within the procurement
process can significantl y reduce the administrative risk associated with
such actions.

By reference to Figure 31 , it is vital to appl y the correct testing to the
cabl ing configurations that are avai lable at a given stage in the
instal l ation task. The test results can also become a key tool for
subsequent repair and maintenance activity, and should be considered as
part of the record-keeping within the administration system appl ied to
the telecommunications cabl ing. The appl icabl e test methods are
referenced from the structured cabl ing design standards by reference to
specific test standards (e.g. [BS] EN 501 73 series standards reference
[BS] EN 50346).

Perhaps one of the most misunderstood areas in rel ation to testing is the
l atent administrative risk of ‘marginal results’. These are test results that
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l ie within the measurement accuracy of the test equipment – making it
difficult to decide if a test has passed or fai led. For copper cabl ing, many
test equipment suppl iers enable their equipment to designate results as
‘marginal pass’ or marginal fai l ’. Fortunately, this issue has not spread to

Figure 31 – Testing configurations for horizontal cabling
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optical fibre testing, where, particularly for the short l inks encountered in
data centre and bui lding backbone environments, virtual ly al l results
would be cl assified as marginal .

There is a great temptation for contracts to disal l ow marginal results
because of their assumed indecisive nature. However, this is
contraindicated in the qual ity assurance element of [BS] EN 501 74-1
because:

• such a contract forces the instal l er to achieve ‘better than standard’
performance but in an undefined manner since it depends upon the
accuracy l imits of the test equipment;

• the trend towards cabl ing with higher performance (e.g. Class EA
rather than Class D) and the associated higher measurement
frequencies general ly produces worse measurement accuracy –
l eading to increasing proportions of marginal test results – and trying
to ignore this situation wil l actual l y l ead to more contractual
problems rather than less.

8.3 The impact of convergence on the
procurement process

8.3.1 ‘Just-in-time’ (JIT) procurement

The increasing focus on converged solutions creates new chal l enges to
those invol ved in organizing and managing the procurement processes in
construction projects – in both new-bui ld and refurbishment projects.

Often, the telecommunications special ist may not be represented in the
planning processes for procurement, and this may l ead to the real ization
of unintended risks in the sequencing of construction and commissioning
activity.

Traditional l y, IT special ists would recommend the ‘l ast responsible
moment’ approach to specifying and instal l ing structured cabl ing and
data networks – using a J IT concept to al l ow the most recent products to
be specified for instal lation when the bui l ding site was relativel y clean
and when other heavy and wet trades had completed their tasks. Such an
approach is justified both at a technical l evel and from a construction risk
mitigation perspective.

H owever, convergence means that a new approach is required, as the
structured cabl ing not only serves the traditional IT systems but also
supports other telecommunications services, some of which have to be
instal l ed and commissioned much earl ier in the construction process.
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Maintaining a J IT approach to structured cabl ing procurement in both
converged or non-converged environments is possibl e when procurement
processes al low the decoupl ing of the ‘shel l and core’ construction phase
(see Tabl e 6) from the procurement of the interior design, i .e. smal l
power systems, extra-low-vol tage systems, and furniture, fittings and
equipment (FF&E) – but this is not always the case.

Regardl ess of the degree of convergence to be appl ied,
telecommunications special ists are recommended to fine tune the J IT
concepts for structured cabl ing with the wider construction
procurement – taking account of the interrelationships with other trades.
This wil l assist in minimizing any programme anomal ies from becoming
potential administrative risks during the impl ementation.

When J IT is not viable – because of the l evel of convergence desired – or
because the contract to be pl aced demands a ful l compl ement of
mechanical , el ectrical , telecommunications and other special ist systems,
then a ‘wel l -before-time’ concept needs to be adopted.

8.3.2 ‘Well-before-time’ (WBT) procurement

‘WBT’ usual ly means the design, specification and instal lation of systems
wel l ahead of the time necessary simply to al ign with contractual or
project implementation requirements.

Such situations are common with very large or complex projects where
the uncertainty associated with J IT design, specification or instal l ation is
considered to be a risk in its own right.

Often, cost consul tants and project managers are not aware of the l atent
administrative risks in WBT procurement, and the telecommunications
special ist is wel l advised to manage the risk mitigation process. These
unintended administrative risks incl ude:

• ambiguous or insufficient technical requirements earl y in the project;
• technol ogy improvements in the supply industry, introducing design

obsol escence before the project is complete;
• detai l ed designs and interfacing requirements being subject to

change orders initiated by other trades;
• costing and budgetary inaccuracies from exchange rate fl uctuations,

infl ation and volati l i ty in commodity prices (e.g. we have in recent
times experienced impacts on the cost of buying cabl ing due to both
currency depreciation/appreciation with the US dol lar and the price
of metal s).

When a converged cabl ing infrastructure is a requirement, there are
merits in fol l owing a WBT approach. The interdependencies between
various impacted trades usual ly means that design solutions need to be
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co-ordinated, and a WBT approach wil l encourage co-ordination within
the wider project team. H aving overal l programme convergence (design
and construction) dovetai l ing with telecommunications design is a major
asset that aids the mitigation of administrative risks in establ ishing cl ear
scope boundaries, budget responsibi l i ties and commissioning targets.

Establ ishing the concept of WBT or J IT execution during the ‘preparation’
phase of a project, whether in the ‘design’ or ‘construction’ phases, is
advantageous in del ivering successful outcomes.

8.3.3 Materials consolidation

One of the key benefits of increasing the degree of convergence is that,
to a great extent, the cabl ing components are sel ected from a common
standards-based component set of the structured cabl ing design
standards. This al l ows a ‘consol idated’ approach to be appl ied to
material s procurement – obtaining the best pricing based on the overal l
volume of products required and enabl ing the maximum fl exibi l ity in
terms of del ivery schedul ing.

8.4 Competence

8.4.1 Telecommunications specialists

There is no singl e qual ification that provides confidence in the
competence of a telecommunications special ist. H owever the fol lowing
provides indications of appropriate ski l l s:

• a qual ification in design and impl ementation in at l east one of the
tel ecommunication services l isted in Figure 1 7 that is rel evant to the
project under consideration;

• a curriculum vitae that contains verifiable experience in the design
and impl ementation of the majority, in combination, of the
tel ecommunication services l isted in Figure 1 7 that are relevant to
the project under consideration.

Additional qual ifications in project management such as PRINCE2.

NOTE: PRINCE2 (‘PRojects IN Control led Environments’) is a process-based method

for effective project management, and claims to be a de facto standard used

extensively by the UK government, and is widely recognized and used in the

private sector, both in the UK and international ly.
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8.4.2 Cabling component vendors

With respect to procurement, the term ‘cabl ing components’ covers al l
the products used to implement the fixed and operational
telecommunications infrastructure, i .e. cables, connecting hardware, cable
management systems, panel s cabinets, etc.

Assessment of suitabl e cabl ing component vendors should consider far
more than basic conformance to functional performance requirements,
although recognized third-party verification or certification of that
performance is useful .

Additional factors to consider incl ude:

• The manufacturer’s compl iance to [BS] EN ISO 9001 .
• The ful l traceabi l ity of products suppl ied – it has to be recognized

that even under the best qual ity assurance systems, mistakes can
occur, and in the case of mass-produced components such as cabl es
and connecting hardware the resul t of such production faul ts can
affect many batches of product. It is critical that the complete suppl y
chain operates a traceabi l ity system in order that delays caused by
reinstal lation are minimized and focused on those areas affected
rather than by gl obal replacement – this can be a major issue for
multi -phase projects.

• The avai labi l i ty of appropriate warranties and guarantees (and the
clear statement and feasibi l i ty of any obl igations for the onward
procurement of consumables that may appl y).

• The methodol ogy of instal ler accreditation.
• The commitment to supply the specified products over a defined

period consistent with the design objectives of the
telecommunications infrastructure.

8.4.3 The use of ‘approved installer’ schemes

The term ‘approved instal ler’ covers a wide range of different statuses.
Many of the approvals are suppl ier-based and merel y signify that the
instal ler has the ‘right’ to offer the suppl ier’s warranties/guarantees to a
customer. Obviously, such approved instal lers are important in the
procurement process if the customers feel that such warranties or
guarantees are necessary.

However, there are more universal approval s, such as those operated by
trade associations.

An exampl e of one such scheme is that establ ished by the Fibreoptic
Industry Association (FIA, www.fia-onl ine.co.uk), which is based on the
principl es of risk reduction. The scheme uses the detai led requirements
and recommendations of the design and instal lation standards as a basis
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for the construction of a risk el ement matrix. FIA Approved Instal lers
under the scheme are required to assess projects against the rel evant
aspects of the matrix – reducing the risks with the establ ishment of a
procurement contract under the ‘el ectrical third fix’ task, identified in
Table 6 to the benefit of al l concerned.
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9 Operational and management
issues

This chapter highlights the need for the close control of the
operation of the telecommunications infrastructure by the
establishment and ongoing application of an administration system.

This chapter makes reference to the following standards:

• British: BS 6701 , BS 7671 .
• European: [BS] EN 501 74-1 , [BS] EN 501 73 series, [BS] EN 501 74-3,

[BS] EN 60825-2.
• International: [BS] ISO/IEC 1 4763-2, [BS] PD ISO/IEC 1 4763-2-1 .

Essential reading for: Project Sponsors, Telecommunications
Consul tants, Cabl ing Instal l ers

Optional reading for: Project Managers, Architects, Bui lding Services
Engineers, Other special ists, Quantity Surveyors

Appendix A contains a detailed bibliography.

One of the greatest risks to the successful operation and management of
tel ecommunications infrastructures is inadequate administration. The
more obvious purpose of administration is to record the l ocation of
points of connection and what is connected at and between those points.

In addition, suppl iers’ warranties/guarantees may demand procurement
pol icies for consumabl e items such as cords, which may also managed by
the administration system.

It coul d be argued that effective administration is the most important
infrastructure design decision because the degradation of transmission
performance due to poor infrastructure management is l ikely to have a
more significant impact on operational performance than any
improvement that woul d be attained by the use of components with
enhanced performance.

Equal ly relevant is that any fai lure to faci l itate the establ ishment and
maintenance of accurate records may resul t in a significant risk to the
desired levels of RAM of the infrastructure.
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While the above issues impact either directl y or indirectl y the
transmission performance of the infrastructure, the rules for the
operational administration of the cabl ing can also extend to the
procurement of transmission equipment. This can support corporate
governance objectives in support of national legisl ation such as that
addressing electromagnetic compatibi l i ty and other safety issues such as
managing optical power hazards.

9.1 Administration standards

The cabl ing instal lation standards such as [BS] EN 501 74-1 and [BS]
ISO/IEC 1 4763-2 restrict the definition of administration to those aspects
which affect record-keeping – the key components being identifiers,
l abel s and the records themsel ves. Both standards refer to two types of
administration:

• installation – which maintains the information relating to the
interconnections between the various cabl ing termination points;

• operational – which extends the systems to encompass the cords and
even the services provided over the cabl ing.

H owever, both standards make the point that the administration systems
are a critical element of the instal lation specification and need to be
sel ected and agreed early in the construction process.

I t is important to differentiate between an administration system and the
tools (e.g. spreadsheets, databases and even sophisticated management
packages) that are used to impl ement the system.

The foundation upon which al l administration systems are based is a
common set of identifiers for the cabl ing components (cabl es, cords,
termination points, panels, facepl ates, cabinets, etc.), spaces and
pathways to be employed by the administration tool s.

The minimum requirements for an identifier scheme are quite simpl e –
providing unique and unambiguous identifiers for each component.
H owever, in the absence of such a scheme, the system defined in
[BS] PD ISO/IEC TR 1 4763-2-1 is mandated as a defaul t by both
[BS] EN 501 74-1 and [BS] ISO/IEC 1 4763-2. The North American standard
ANSI/TIA-606-A al so contains recommendations for an identifier scheme.

The minimum requirements of the standards, defining what is incl uded
within the administration system (i .e. what is required to have identifiers,
l abel s and records), depend on the type of premises and the quantity of
cabl ing and transmission equipment.
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9.2 Migrating from installation to operational
administration

There is a significant risk if instal l ation and operational administration
are treated as two separate procedures.

The production of a precise connectivity record that may be ‘l ive’ during
the instal l ation process – refl ecting l ast minute changes (e.g. to pathways
and l ocations of the connections points) – al lows a seaml ess migration to
the operational administration systems via the introduction of connection
or patching records.

The need for such an approach is emphasized as a wider range of
telecommunications services are supported by structured cabl ing
infrastructures that become operational at different times in the project –
some before practical completion and others after that point.

If the transition from instal l ation to operational administration is not
seaml ess, there is a heightened risk that records may become subject to
disl ocation, resulting in errors.

9.3 The impact of errors in operational
administration

I t is often tempting to ignore the importance of operational
administration, since investment in record-keeping systems and the
generation of ‘initial -condition data’ may be substantial . H owever, the
costs of ineffective administration can be much higher than the cost of
effective record-keeping systems.

There are significant costs associated with errors – since they are normal ly
onl y discovered when some type of service disruption is encountered and
the errors in record-keeping result in troubl e-shooting/fault-finding costs.
The costs escalate if the errors are discovered during large-scale changes
to the infrastructure that have to be compl eted during periods of
schedul ed downtime.

Once errors in the record-keeping systems are identified, the whole
administration system comes under suspicion, and confidence in it is
undermined.

The natural reaction is to undertake a connectivity audit to ‘reset’ the
information. H owever, such an audit uses significant resources and is not
instantaneous – meaning that operation continues, with changes being
made, whi le the audit is underway.

9.3 The impact of errors in operational administration
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9.4 Beyond the standards

The basic administration requirements of the standards do not expl icitl y
extend:

• to cover the ongoing procurement of cabl ing components to
maintain the performance of the instal lation (and to support
suppl iers’ warranties and guarantees) – the most obvious risk to
performance is the procurement of sub-performing cords used to
connect elements of the cabl ing or to connect the cabl ing to the
equipment (however, this extends to the instal lation of the correct
cords in an improper manner);

• to address the sel ection of transmission and terminal equipment – for
exampl e, to ensure that the el ectromagnetic compatibi l i ty of the
resul ting systems is documented, as discussed in 2.4.1 ;

• to maintain the designation of locations from the optical fibre safety
perspective;

• to include multi-service del ivery using converged cabl ing where
additional designation is desirable via l abel l ing and col our coding.

Optical fibre safety

The international standard for the safety of optical fibre
communications systems is IEC 60825-2, which is publ ished in
Europe as [BS] EN 60825-2. This document provides a
foundation for processes and procedures to enabl e the safe
instal lation and operation of optical fibre cabl ing and the
equipment attached to it.

The standard designates locations within premises as being
unrestricted, restricted or control led – each being abl e to
accommodate increasingly powerful optical equipment (and
therefore the hazards associated with it) and each also being
impacted by increasingl y restrictive operational controls.

The designation of a particul ar l ocation is the responsibi l i ty of
the planner – and is nothing to do with the instal ler – and has
to be maintained by the user of the premises. This defines:

• the type of equipment to be used in, or transmitting to,
those l ocations;

• the l abel l ing and other practices that have to be appl ied to
optical interfaces in those locations.
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The more sophisticated administration tool s al low additional information
to be recorded and cal cul ated. For example, the type(s) and total
volume(s) of pl astics material s can be included, which may be useful at a
l ater date for non-transmission-related assessments, including:

• the determination of recycl ing costs, which might influence decisions
on future refurbishment dates and/or technologies;

• the model l ing of fire performance via the cal cul ation of the
distribution of the burning load.

Such systems al so al l ow integration with other management databases –
such as network and service management systems.

H owever, the presence of even the most sophisticated administration tool
cannot automatical ly be rel ied upon to guarantee the specific service to
any connection point. Al l administration systems require individuals to
manage the connection of services in tel ecommunications or equipment
rooms to ensure that a specific user outlet is provided with a service.

Intel l igent management systems represent the peak of administration
technology. Such systems are able to automatical l y detect disconnection
and reconnection of cords and equipment. They may even al low
schedul ing of the connected service over the instal l ed infrastructure, but
they cannot redirect services.

9.5 Wider implications for business

Administration is not just a ‘paper’ exercise – effective administration
may require changes in the operational structure of the business. For
example, a business that has historical l y operated a ‘service-based’
organizational structure, where one group of peopl e has managed the
voice service (instal led using voice grade cabl ing) and another group has
been responsible for ‘data’ systems, is going to be faced with some
fundamental changes fol l owing the instal lation of structured,
multi -service cabl ing. This has seen the erosion of the telephony function
within many organizations.

This situation is exacerbated with the introduction of the wider
converged sol utions now possible. Increasingl y, businesses are becoming
dependent on the IT function if it is to del iver and manage a wider range
of bui lding systems, and this can create an uneasy interrelationship with
the estates function if it is not correctly managed.

If these issues have not been addressed by senior management, it is quite
possible that any administration system wil l be undermined, and, as
mentioned above, once confidence in any record-keeping system is
damaged, the system becomes essential ly useless.

9.5 Wider implications for business
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Further convergence of any degree suggests the creation of a common
group responsible for infrastructure management that manages the total
administration package, including that defined by the standards,
together with procurement and implementation at the cabl ing level . This
al lows the service-specific groups to focus on equipment procurement,
deployment and connection to the infrastructure and provides with them
a single point of co-ordination in relation to cabl ing-related matters.

This approach mimics that operated in the wide-area network, where
there is now a clear differentiation between access providers (i .e. the
cabl ing infrastructure managers/operators) and service providers. For
example, the cabl ing to the subscriber is del ivered by one company, with
a multitude of service providers being able to compete for the use of
that infrastructure.

9 Operational and management issues
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1 0 Project close-out

This chapter highlights the issues associated with effective project
close-out and the possible benefits of maintaining the role of the
telecommunications specialist after that point. Historically, it has
been common to consider practical completion as being coincident
with the end of the ‘electrical third fix’ task identified in Table 6.

This chapter makes reference to the following standards:

• British: BS 6396.
• European: [BS] EN 501 73 series.

Essential reading for: Project Sponsors, Project Managers

Recommended reading for: Architects, Bui l ding Services Engineers,
Telecommunications Consultants

Optional reading for: Other special ists, Quantity Surveyors, Cabl ing
Instal lers

Appendix A contains a detailed bibliography.

Historical l y, it has been common to consider Practical Completion as
being coincident with the end of the Electrical 3rd fix task identified in
Table 6. H owever, as the importance of the tel ecommunication
infrastructure has grown, it has become necessary to consider al ternative
contractual states such as ‘operational readiness’ or ‘service activation’
that reflect the true demands of the business to be served by the
premises.

Convergence blurs the practical compl etion boundary, and it is important
for the telecommunications special ist to maintain continuity beyond
practical compl etion up to and incl uding the project close-out phase.
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1 0.1 The role of a telecommunication specialist
beyond ‘practical completion’

The convergence of telecommunications services to a common
standards-based component set of the structured cabl ing design
standards (e.g. the [BS] EN 501 73 series) can result in a complex situation
at practical completion. For example:

• Bui lding management and access controls systems wil l be required to
be ful ly functional at practical completion – the cabl ing having been
instal led, commissioned, connected to the various pieces of
transmission and terminal equipment and proven to meet the
specifications for those systems.

• The fixed corporate LAN wil l typical ly have been instal led,
terminated and tested in the telecommunications rooms, equipment
rooms and at consol idation points or telecommunications outlets but
transmission and terminal equipment may not have been instal led
and no cords instal led - these aspects wil l general ly be addressed
during the ‘FF&E’ task identified in Table 6.

Errors of procurement management across the practical completion
boundary need to be minimized. Three obvious examples of such risks are
given below:

• the procurement and instal lation of cords that undermine cabl ing
system suppl iers’ warranties/guarantees;

• the instal lation of furniture that introduces additional connection
points that undermine transmission performance;

• the extension of cabl ing beyond the structure supported by the
standards.

The last example above is quite common where a user outlet designated
in the design concept as a telecommunications outlet (TO in Figure 31 ) is
relegated to a consol idation point (CP) by the instal lation of furniture
with integrated cabl ing (e.g. that specified in BS 6396) that produces a
new TO ‘on the desk’. This not only means that the test results obtained
(see 8.2.5) are rendered irrelevant but the instal led cabl ing channel
performance wil l be degraded (possibly affecting short channels more
than long ones).

As a result, there is considerable administrative risk in not taking into
account the phased nature of the telecommunications implementation
during the definition of practical completion.

10 Project close-out
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I t may be desirabl e to extend the role of the tel ecommunications
special ist as shown schematical ly in Figure 30 to incl ude the FF&E task
and even to address other wider issues, incl uding:

• the relocation of existing enterprises;
• the migration of tel ecommunications services from existing

enterprises;
• defect l iabi l ity periods.

1 0.2 Measuring success

1 0.2.1 Cabling

The successful completion of a cabl ing project can be determined by
relatively simpl e means.

The obvious aspects are that the as-bui lt drawing reflects the real ity of
the fixed instal lation – this is critical for ongoing support of the
infrastructure, and should be checked on a sample basis (with
appropriate increases in sampl ing levels should errors be discovered) –
and that the instal l ed performance meets the required test l imits (see
8.2.5).

However, as administration is the key to the successful operation of a
structured cabl ing solution – independent of the degree of service
convergence – the final and most important pointer to success is the
successful migration from instal lation administration to operational
migration, as defined during the process of patching and initial service
connection and configuration.

1 0.2.2 The rest

The achievement of the design objectives of a telecommunications
infrastructure is not measured at project close-out. I t requires
engagement by senior management to ensure that the operating rules
for that infrastructure are strictl y appl ied and that administration systems
are maintained without error.

Technology can take the process only so far – the rest is up to humans.

10.2 Measuring success
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Appendix A: Standards review and
bibl iography

A.1 Understanding standards

A.1 .1 Conformance

There are three recognized bodies producing structured cabl ing design
and instal lation standards:

• the North American region produces ANSI/TIA standards;
• the international arena is catered for by ISO/IEC;
• the European Economic Area is provided for by CEN/CENELEC.

Fortunately, al l three bodies are very clear about what it means to
conform to their standards, but, unfortunatel y, the rules for conformance
to ANSI/TIA standards differ from those of the ISO/IEC and CEN/CENELEC
documents.

Al l the structured cabl ing standards produced by ISO/IEC and
CEN/CENELEC, be they design- or instal l ation-rel ated, contain a most
important clause entitl ed ‘Conformance’. This cl ause dictates which of the
other clauses in the standard shal l be compl ied with in order that
conformance may be cl aimed.

In contrast, ANSI/TIA standards do not contain a conformance clause –
conformance to these standards simply demands that al l requirements of
a particul ar standard are met.
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Recognizing ‘requirements’

The wording of standards differs from col l oquial Engl ish in
certain very important ways. Properl y written standards
distinguish requirements by the use of the word ‘shal l ’. Words
which have a simil ar meaning in col l oquial Engl ish such as
‘must’ tend to be avoided. The words ‘may’ and ‘can’ represent
permissions (i .e. possible options) whereas the word ‘shoul d’
indicates a recommendation to do something – but not a
requirement.

Badl y written standards combine certain words such as ‘shoul d
always’ – which is best interpreted as a requirement as there
are no circumstances in which the action is to be avoided.

A.2 Standards review

A.2.1 British Standards

The most developed and al l -encompassing telecommunication cabl ing
standards environment exists in Europe – and this situation is even more
comprehensive in the UK.

From the cabl ing perspective, British standards are either ‘home grown’
or are national implementations of European or international standards.

‘Home-grown’ standards are designated as BS XXXX.

European standards that are almost al ways endorsed by BSI (under
European regul ation) are designated as BS EN XXXXX. International
standards that are endorsed by BSI (this is not an automatic process) are
designated as BS IEC XXXXX, BS IEC XXXXX or BS ISO/IEC XXXXX.

A.2.1 . 1 Design

The generic structured cabl ing standards in the [BS] EN 501 73 series (see
A.2.2.1 ) are publ ished as [BS] EN 501 73 standards in the UK. Each of the
premises-specific documents (i .e. [BS] EN 501 73-2, -3, -4, -5, etc. ) contain a
national foreword that requires the appl ication of BS 6701 .

[BS] EN 50346 defines test methods, primari l y by reference to other
standards [BS] EN 61 935-1 for balanced cabl ing and [BS] ISO/IEC 1 4763-3
for optical fibre cabl ing).
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None of the ISO/IEC generic cabl ing design standards are endorsed as
British Standards, but a number of tangential ISO/IEC Technical Reports
are avai l able as ‘Publ ished Documents’ from BSI .

A.2.1 .2 Planning and installation

Al l telecommunications cabl ing can be contractual l y subjected to a
requirement to conform to BS 6701 . This standard requires the
appl ication of BS 7671 together with the [BS] EN 501 74 series of
standards. In turn, [BS] EN 501 74 standards require the appl ication of
[BS] EN 5031 0, which addresses equipotential bonding inside bui ldings.

None of the ISO/IEC generic cabl ing instal lation standards are endorsed as
British standards, but a number of tangential ISO/IEC Technical Reports
are avai l able as ‘Publ ished Documents’ from BSi .

A.2.2 European standards

A.2.2.1 Design

Since 2007, EN 501 73-1 has contained requirements that are, or may, be
common to generic cabl ing designs for different types of premises –
acting as a reference book for the other parts.

EN 501 73-2 then defines the specific choices from EN 501 73-1 that apply
to offices, and EN 501 73-3 provides sol utions for industrial premises.
EN 501 73-4 specifies generic cabl ing for homes, as does EN 501 73-5 for
data centres.

EN 50346 defines test methods, primari l y by reference to other standards
(EN 61 935-1 for bal anced cabl ing and ISO/IEC 1 4763-3 for optical fibre
cabl ing).

A.2.2.2 Planning and installation

EN 501 74-1 contains requirements and recommendations for the
specification of an instal lation by or on behal f of a project sponsor and
the qual ity assurance responses from the instal ler.

Based on the appl ication of EN 501 74-1 , EN 501 74-2 contains the
requirements and recommendations for instal lation planning and practice
inside bui ldings, whil e EN 501 74-3 addresses these issues outside
bui ldings.

A.2 Standards review
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EN 5031 0 contains requirements and recommendations for the
improvement of earthing systems inside bui l dings to provide the desired
equipotential ity necessary for the effective operation of
tel ecommunications equipment.

A.2.3 International standards

A.2.3.1 Design

ISO/IEC standards for generic cabl ing are substantial ly technical l y
equival ent to the European standards, but they are not structured in the
same way.

ISO/IEC 1 1 801 is targeted at the office premises area but al so contains the
common technical requirements for generic cabl ing in certain other types
of premises – being referenced from ISO/IEC 24702 for industrial
premises, ISO/IEC 1 501 8 for homes and ISO/IEC 24764 for data centres.
H owever, each of these other premises-specific standards contains its own
technical requirements for components and cabl ing transmission
performance.

This lack of structure is now being addressed, but wil l take a number of
years to resol ve completel y.

A.2.3.2 Planning and installation

ISO/IEC 1 4763-2 is simi lar to a combination of [BS] EN 501 74-1 , -2 and -3
(see A.2.2.2) but is restricted to the instal lation of ISO/IEC generic cabl ing
designs. I t is supported by an ISO/IEC Technical Report (TR 1 4763-2-1 )
covering identifiers within cabl ing administration systems.

A.2.4 North American standards

A.2.4.1 Design

ANSI/TIA-568 standards have been restructured as TIA-568-C.0, C.1 , C.2
and C.3. To some extent this restructuring reflects the restructuring of the
European EN 501 73 series of standards that was completed in 2007.

It is not uncommon to find ANSI/TIA-568-C, the principal North American
standard for the design of structured cabl ing, to be included in
procurement contracts outside its original , intended, sphere of influence.
Of the four current parts, C.1 contains the requirements for structured
cabl ing in commercial premises. The other parts contain general
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requirements, appl icabl e to al l premises, and specific requirements for
bal anced and optical fibre cabl ing components and the respective
instal led cabl ing.

Other structured cabl ing design standards exist for particular types of
premises, including:

• ANSI/TIA-1 005 for industrial premises;
• ANSI/TIA-570-B for residential premises;
• ANSI-942-A for data centres.

Another potential ly very important design standard is ANSI/TIA-862-A,
which addresses BAS – appl icable as an overl ay in many of the premises
covered by the other design standards.

Al l of these other design standards wi l l be updated over the next few
years to reference the requirements l isted in ANSI/TIA-568- C.0, C.2 and
C.3.

A.2.4.2 Planning and installation

Unfortunatel y, the North American cabl ing design standards mandate the
appl ication of additional North American standards relating to the
pl anning and instal lation process. Whi le this woul d initial ly appear to be
entirel y reasonable, the problem lies in the fact that, first, most of the
pl anning requirements for the necessary spaces and pathways l ie outside
the scope of any instal l er (being more rel evant to architects) and,
secondl y, some of the requirements of those planning and instal l ation
standards are not appl icable to outside areas that are subject to North
American el ectrical codes.

It is clear that anyone who specifies or accepts a contractual requirement
to provide ‘cabl ing in accordance with ANSI/TIA-568-C.1 ’ is at substantial
risk of future l itigation if:

• in areas subject to North American el ectrical codes, inadequate space
has been al l ocated to the infrastructure, together with inadequate
l ighting and decoration in those spaces;

• in other areas, inadequate space has been al l ocated to the
infrastructure, together with inadequate l ighting and decoration in
those spaces and if the local electrical regulations are in confl ict with
those of North American codes (incl uding the suppl ied voltages).

A.2 Standards review
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A.3 Cabling standards comparisons

A.3.1 General

Due to the different scopes and structures of the sets of standards
produced by the three regional standardization bodies, there can be no
direct correl ation of requirements across individual standards.

A.3.2 Design

The best comparative description is that the three standards
ANSI/TIA-568-C.0, C.2 and C.3 are intended to act as basic references for
al l types of premises (simi l ar to [BS] EN 501 73-1 and ISO/IEC 1 1 801 )
whereas ANSI/TIA-568-C.1 is simi l ar to EN 501 73-2 and ISO/IEC 1 1 801 .

TIA-568-C.2, approved in August 2009, contains the requirements for
Category 6A components, l inks and channel s.

In February 201 0, ISO/IEC 1 1 801 Ed.2 Amendment 2 was approved, which
contains requirements for Category 6A and 7A components, together
with instal l ed requirements for Cl ass EA and FA l inks (the channels were
specified in ISO/IEC 1 1 801 Ed.2 Amendment 1 in 2008).

In Europe, EN 501 73-1 :201 1 maps the contents of ISO/IEC 1 1 801 Ed.2
Amendment 2. The requirements for Category 6A/Class E A in the
international and European standards are more stringent than for the
Category 6A components and cabl ing of TIA-568-C.2 – al though the
rel evance of this for appl ication support is minimal .

Developments in the specification of optical fibre cabl ing are also
incl uded in the 201 0 amendments of ISO/IEC 1 1 801 and [BS]
EN 501 73-1 :201 1 , featuring both the definition of requirements for
Category OM4 cabled optical fibre and the incl usion of 40 Gb/1 00 Gb
Ethernet as supported appl ications. The detai ls of these devel opments are
avai l able as White Papers on the FIA website (www.fia-onl ine.co.uk).

A.4 Cabling standards bibliography

A.4.1 British standards

BS 6396, Electrical systems in office furniture and education furniture –
Specification.

BS 6701 , Telecommunications, equipment and telecommunications
cabling – Specification for installation, operation and maintenance.

Appendix A: Standards review and bibliography

1 40 Telecommunications Cabling

http://dx.doi.org/10.3403/02742666U
http://dx.doi.org/10.3403/30141466U
http://dx.doi.org/10.3403/30210078
http://dx.doi.org/10.3403/30210078
http://dx.doi.org/10.3403/00211563U
http://dx.doi.org/10.3403/BS6701


BS 8492 , Telecommunications equipment and telecommunications
cabling – Code of practice for fire performance and protection .

BS 7671 , Requirements for electrical installations – IEE Wiring
Regulations – 1 7th edition.

BS EN 501 73-1 , Information technology – Generic cabling: General
requirements.

BS EN 501 73-2 , Information technology – Generic cabling: Office premises.

BS EN 501 73-3 , Information technology – Generic cabling: Industrial
premises.

BS EN 501 73-4, Information technology – Generic cabling: Homes.

BS EN 501 73-5 , Information technology – Generic cabling: Data centres.

BS EN 501 74-1 , Information technology – Cabling installation: Installation
specification and quality assurance.

BS EN 501 74-2 , Information technology – Cabling installation: Installation
planning and practices inside buildings.

BS EN 501 74-3 , Information technology – Cabling installation: Installation
planning and practices outside buildings.

BS EN 5031 0, Information technology – Application of equipotential
bonding and earthing in buildings with technology equipment.

BS EN 50346, Information technology – Cabling installation – Testing of
installed cabling.

BS EN 61 280-4-1 , Fibre optic communication subsystem test procedures –
Part 4-1 : Installed cable plant – Multimode attenuation measurement.

BS EN 61 280-4-2 , Fibre optic communication subsystem basic test
procedures – Part 4-2: Fibre optic cable plant – Single-mode optic cable
plant attenuation.

BS PD ISO/IEC TR 1 4763-2-1 , Information technology – Implementation
and operation of customer premises cabling – Part 2-1 : Identifiers.

A.4.2 European standards

Al l the other countries in the European Economic Area apply the
EN standards l isted in A.4.1 . In most cases, they are translated into the
relevant national l anguage, but where this is not undertaken, the Engl ish
transl ation is used.

A. 4 Cabling standards bibliography
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EN 501 73-6, Information technology – Generic cabling: Distributed
building services.

EN 61 280-4-1 , Fibre optic communication subsystem test procedures – Part
4-1 : Installed cable plant – Multimode attenuation measurement.

EN 61 280-4-2, Fibre optic communication subsystem basic test
procedures – Part 4-2: Fibre optic cable plant – Single-mode fibre optic
cable plant attenuation .

A.4.3 International standards

ISO/IEC 1 1 801 , Information technology – Generic cabling for customer
premises.

ISO/IEC 1 501 8, Information technology – Generic cabling for homes.

ISO/IEC 24702, Information technology – Generic cabling – Industrial
premises.

ISO/IEC 24764, Information technology – Generic cabling for data centres.

ISO/IEC 1 4763-2, Information technology – Implementation and operation
of customer premises cabling – Part 2: Planning and installation .

ISO/IEC TR 1 4763-2-1 , Information technology – Implementation and
operation of customer premises cabling – Part 2-1 : Identifiers.

ISO/IEC 1 4763-3, Information technology – Implementation and operation
of customer premises cabling – Part 3: Testing of optical fibre cabling.

IEC 61 280-4-1 , Fibre optic communication subsystem test procedures –
Part 4-1 : Installed cable plant – Multimode attenuation measurement.

IEC 61 280-4-2, Fibre optic communication subsystem basic test
procedures – Part 4-2: Fibre optic cable plant – Single-mode fibre optic
cable plant attenuation .

IEC 61 935-1 , Testing of balanced communication cabling in accordance
with ISO/IEC 11801 – Part 1 : Installed cabling.

A.4.4 North American standards

ANSI/TIA-568-C-0, Generic telecommunications cabling for customer
premises.

ANSI/TIA-568-C-1 , Commercial building telecommunications cabling
standard.
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ANSI/TIA-568-C-2, Balanced twisted-pair telecommunications cabling and
components standard.

ANSI/TIA-568-C-3, Optical fiber cabling components standard.

ANSI/TIA-569-C, Commercial building standard for telecommunications
pathways and spaces.

ANSI/TIA-570-B, Residential telecommunications cabling standard.

ANSI/TIA-606-A, Administration standard for commercial
telecommunications infrastructure.

ANSI/TIA-758-A, Customer-owned outside plant telecommunications
cabling standard.

ANSI/TIA-862-A, Building automation systems cabling standard.

ANSI J-STD-607-A, Commercial building grounding and bonding.

ANSI/TIA-942-A, Telecommunications infrastructure standard for data
centers.

ANSI/TIA-1 005, Telecommunications infrastructure standard for industrial
premises.

A. 4 Cabling standards bibliography
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Appendix B: Telecommunications overview
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• • • Alternate design solution:
corporate fixed LAN
Consideration: some distributed
bui lding services cabl ing wil l be
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access points – wireless
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Telecommunica-
tions service

Own and
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Managed
service
(infrastructure
owned but
service
outsourced)

Outsourced
(both
infrastruc-
ture and
service)

Alternate design solutions,
techniques and considerations

Supported by
convergence

mode’ or enforce virtual private
network (VPN) access

On-site server
access/data centre
LAN

• • • Alternate design solutions:
external service, including ‘cloud
computing’
‘hybrid clouds’ with a mix of
private and publ ic cloud
solutions could be common place
soon
Consideration: a data centre
infrastructure strategy should be
formed during the preparation
stages of a new-bui ld or
refurbishment project
Consideration: cabl ing in data
centre environments may require
higher-performance products,
custom connection topologies
and physical security
considerations; consult new
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Tel ecommunica-
tions service
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service
outsourced)
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ture and
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Al ternate design sol utions,
techniques and considerations
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standards for guidance in this
area

Tel ephony/unified
communications
(including
third-party external
providers)

• • • Al ternate design sol ution: 2 × 2
option matrix – cabl ed versus
wireless, digital PBX versus VoIP
Consideration: qual ity of service
(contention) issues l ead to
discussion relating to options
such as DECT on digital PBX or IP
Al ternate design sol ution: 3G
mobi le coverage (non-converged
cabl ing sol utions) could be
attractive to smal l and
medium-sized enterprises
preferring to onl y rel y on publ ic
3G services and corporate GSM
service offerings
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(both
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Alternate design solutions,
techniques and considerations

Supported by
convergence

Audio-visual
(presentation
aids/meeting
rooms)

• • • Within meeting rooms
Alternate design solutions:
prevalence of high-definition
media and other
bandwidth-intensive multimedia
formats is a chal lenge in
corporate environments;
traditional structured cabl ing
may not always be the optimum
solution
Consideration: cabled pathways
may present a chal lenge and
wireless infrastructure may be
appropriate

To meeting rooms
Consideration: check strategies
for in-room digital media
del ivery systems as wel l as a
rel iance on a central distributor
Consideration: structured cabl ing
designers should consult with
acousticians and audio-visual
systems designers to define
interfaces
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Tel ecommunica-
tions service

Own and
operate

Managed
service
(infrastructure
owned but
service
outsourced)

Outsourced
(both
infrastruc-
ture and
service)

Al ternate design sol utions,
techniques and considerations

Supported by
convergence

Multimedia/digital
content (video on
demand)

• • • Consideration: performance and
latency issues indicate a
preference for a cabled
solution – possibly a mixture of
dedicated (e.g. H D-SDI or
baseband) and IP/Ethernet-based
del ivery.

?

El ectronic point of
sal e (EPOS)/vending
systems

• • • Consideration: check for
compl iance with Payment Card
Industries (PCI) requirements for
cabl ing and network
infrastructure where appl icable

?

Publ ic switched
tel ephone network
(PSTN) circuits

Consideration: minimum
requirements are defined by
local regul ations
Consideration: ‘demarcations’
between the owner and the
service provider – which may
have impl ications for space and
pathway requirements

?
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Tel ecommunica-
tions service

Own and
operate

Managed
service
(infrastructure
owned but
service
outsourced)

Outsourced
(both
infrastruc-
ture and
service)

Al ternate design sol utions,
techniques and considerations

Supported by
convergence

Publ ic address • Consideration: structured, i .e.
Star (IP or not), interfaces and
del ivery methods vary

?

Al ternate design sol ution: other
configurations (e.g. daisy chain);
interfaces and del ivery methods
vary

Master cl ock
(More common in
premises servicing a
publ ic function,
e.g. hospital s,
universities, school s
and airports)

• Several independent clocks ?

Digital signage • Consideration: IP/Ethernet
del ivery systems are now
commonpl ace

?
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Tel ecommunica-
tions service

Own and
operate

Managed
service
(infrastructure
owned but
service
outsourced)

Outsourced
(both
infrastruc-
ture and
service)

Al ternate design sol utions,
techniques and considerations

Supported by
convergence

Tel evision:
off-air/cable/CATV/
SMATV

• • • Technique: converged technology
(IP TV)

?

Al ternate design sol ution: coaxial
distribution
Consideration: cabl ing choices
are often determined by local
laws, operating costs and
whether ‘pay TV’ distribution is
required – sol utions vary in
owner-occupied premises and
multi -tenanted premises

Security CCTV • • • Consideration: paral lel
converged infrastructure possibl e
if operating pol icies dictate
Consideration: common spaces
‘si lo-ed’ to prevent access – e.g.
IP access ring-fenced to avoid
hacking
Consideration: el ectronic storage
of evidential data may require

?
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Tel ecommunica-
tions service

Own and
operate

Managed
service
(infrastructure
owned but
service
outsourced)

Outsourced
(both
infrastruc-
ture and
service)

Al ternate design sol utions,
techniques and considerations

Supported by
convergence

dedicated recording and storage;
external CCTV coverage in l arge
premises or on a campus is a
chal lenge, and special
considerations wil l be needed for
a converged infrastructure

Security ACS • • • Consideration: paral lel
converged infrastructure possibl e
Consideration: IP access
ring-fenced to avoid hacking
Consideration: IP sol utions
require l ocal power (unl ess
supported by PoE-pl us) –
proprietary sol utions do not
require l ocal power
Consideration: spaces and
pathways under common design
and management

?
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Tel ecommunica-
tions service

Own and
operate

Managed
service
(infrastructure
owned but
service
outsourced)

Outsourced
(both
infrastruc-
ture and
service)

Al ternate design sol utions,
techniques and considerations

Supported by
convergence

Bui l ding
automation systems
(BAS)
Bui l ding
management
systems (BMS)

• • • Consideration: common spaces
‘si lo-ed’ at the head end
Consideration: separate spaces
for zone control l ers/end devices
Consideration: IP access
ring-fenced to avoid hacking
Consideration: IP sol utions
require l ocal power (unl ess
supported by PoE-pl us) –
proprietary sol utions do not
require l ocal power

?

Supervisory control
and data
acquisition
(SCADA)/metering

• Technique: smart metering
solutions are increasingly
IP/Ethernet-based (treated as a
distributed bui lding service) – IP
zone concept or direct connect

?

Life safety alarms Consideration: fai l safe solution –
deterministic solutions may
mitigate against the use of IP
(alternatives may become more

?
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Telecommunica-
tions service

Own and
operate

Managed
service
(infrastructure
owned but
service
outsourced)

Outsourced
(both
infrastruc-
ture and
service)

Alternate design solutions,
techniques and considerations

Supported by
convergence

prevalent, e.g. real-time
Ethernet)

Key
?= addressed
+ = not addressed
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Telecommunications Cabling
Guidance on  Standards and  Best Practice for Construction  Projects

Whether smal l -,  medium - or large-scale construction,  new bui ld  or upgrade;  whether cabl ing  has to last

for the short-term or over many years,  making  the right decisions wi l l  affect the way an  investment

works and  how the end  users experience service del ivery as a  network or appl ications experience.  

This i s the fi rst book to map out the i ssues,  h ighl ight the risk areas and  offer guidance to those in  the

industry,  written  by professionals who have first-hand  experience of del ivering  telecommunications

infrastructure projects over many years.  

A must-read  for project sponsors,  project managers,  IT and  finance directors,  architects,  bui ld ing  services

engineers,  telecommunications consultants,  quantity surveyors,  systems integrators and  cabl ing  instal lers.   

“This informative publication communicates effectively the challenges, complexities,  and

techniques used, in  planning and implementation of modern telecommunications cabling

infrastructures, to construction and telecommunications professionals,  and key stakeholders.  

It is an  excellent point of reference for professionals of al l  levels”.   Graham Kenyon,  Project

Manager & Principal  Engineer,  Ultra  Electronics Airport Systems

“This book helps to relate the often dry world  of standards to real  l ife projects and buildings

and will  help a  wide range of readers to better understand the relationship between the two.

Written in  an informative and guiding way this book is a  must read for those involved in  the

industry or those who need to accommodate the ever changing world  of telecommunications

within their or their cl ient’s facilities”.   Chris Frazer RCDD,  Principal  Consultant,  PTS Consulting
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