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Preface

Public Works Engineering embraces the many
aspects of civil engineering and associated build-
ing work which are of use and benefit to the
public and they may be undertaken by public,
private or statutory undertakings. In general,
civil engineers change the natural environment,
preferably in a sympathetic way, for the benefit of
humanity, and provide, operate and maintain the
infrastructure of structures and services which
are so essential to the survival of a modern
civilisation. The infrastructure is the fabric of a
nation, forms the foundation on which the stan-
dard of living is built and serves the essential
needs of industry and commerce.

The range of activities is enormous from trans-
portation and highway and traffic engineering
through to wastewater engineering, solid waste
management and water engineering. Conser-
vation work, the building of new towns, enhance-
ment of the environment and the provision of
major recreational facilities all fall within its
scope. Flood relief work, coastal and river engin-
eering, harbour regeneration and construction,
offshore works and energy generation all form
vital areas of public works engineering, and are
all explored in such depth as the reasonable size
of the book permits. There are many references
for readers who wish to pursue particular aspects
in greater detail.

Widely dispersed, challenging and informative
examples have been selected as case studies to
illustrate the problems encountered in many
parts of the world and how they have been
overcome, preceded by an analysis of the prin-
cipal design, construction, management and
maintenance aspects. These schemes are of great
benefit to those who use the facilities or are
served by them.

Special emphasis has been placed on the provi-
sion of supporting photographs, to give a better

comprehension of the nature and scope of projects

~and to help bring the text to life, using colour

where this will be of particular benefit to the
reader. There are also more than 100 diagrams
showing details of projects to assist the reader in
appreciating and understanding the more impor-
tant features incorporated in the selected
schemes.

The book commences with a study of the
organisational, financial, legal, management and
marketing aspects of public works engineering,
which it was felt would provide a useful backcloth
to the subject. This introductory chapter is fol-
lowed by seven self-contained chapters each
encompassing important and far reaching facets
of public works engineering.

Many aspects of transportation are considered
and compared, including the provision of major
highway and motorway projects and bus stations
in the UK. Other topical highway aspects exam-
ined include the relief of traffic congestion,
forecasting traffic flows, park and ride schemes,
road pricing and private sector initiatives. A
comparison is made of UK, French and Aus-
tralian railways with their different objectives,
followed by an analysis of the civil engineering
problems associated with the electrification and
modernisation of railway networks. The impor-
tance of modern mass/light rail transit systems
to help combat severe urban congestion is illus-
trated by reference to London Docklands Light
Railway, Tyne and Wear Metro, Greater Man-
chester Metrolink, Hong Kong Mass Transit
Railway and Singapore Mass Rapid Transit
System. The principal civil engineering works
associated with the extensive UK canal network
are examined together with interesting major
projects at Limehouse Tidal Lock, Llangollen
Canal, Stanley Ferry Aqueduct and Blisworth
and Netherton Tunnels. The design, construction

ix



x Preface

and possible problems in the operation of the
Channel Tunnel are explored. The selection of
airport sites and the design and maintenance of
airfields are followed by a comparative study of
recent airport projects at Heathrow Terminal 4,
Gatwick North Terminal, Stansted, Changi (Sing-
apore) and Mount Pleasant (Falklands Islands).

Highway planning, design, construction, ma-
nagement, widening and maintenance are all
considered, together with their practical implica-
tions and the provision of major road junctions
and intersections in the UK, Hong Kong, Oman,
Singapore and Australia. Extensive and exciting
bridge projects are examined in the UK, Hong
Kong, South Korea and Japan. Road safety,
lighting and parking also receive attention.

Sewer and manhole design, construction and
rehabilitation, together with the provision of long
sea outfalls and associated headworks, to reduce
pollution of beaches, are examined and described.
Major wastewater schemes at Cairo and Shanghai
are analysed and compared, and the design and
construction of sewage pumping stations are
illustrated by reference to projects at Portland,
Royal Docks and Ameria (Cairo). The main
wastewater treatment processes are investigated
and treatment plants in the UK, Middle East and
Hong Kong are described and illustrated.

Solid waste management processes, including
collection and disposal methods, are analysed
together with the nature and purpose of solid
waste transfer stations, incineration, waste de-
rived fuel and composting plant, with supporting
examples. The Rechem Pontypool hazardous
wastes disposal plant and the disposal of radio-
active wastes are also examined.

Water supply management processes are be-
coming increasingly important and these are
examined and described with reference to the UK
and developing countries. The methods of con-
struction of reservoirs and dams are investigated
with illustrated descriptions of the impressive
Mudhiq Dam in Saudi Arabia and the vital
Queen’s Valley Reservoir in Jersey. Boreholes
and wells, with their associated pumps, and
water supply networks and services, including
the London ring main, are suitably detailed.
Water treatment processes are analysed and com-

pared and a variety of water treatment plants in
the UK, Sicily, Bombay, Iraq and Malaysia
examined in some detail. Attention is paid to the
important aspects of leakage control and meter-
ing, and the provision of service reservoirs, water
towers and pumping stations, with detailed case
studies of two complex pumping stations in
Hong Kong.

A comparative study, with practical examples,
is made of housing development and new towns
in the UK, Hong Kong and Singapore, and an
analysis of modern commercial and industrial
developments, including business and science
parks. The increasing importance attached to
conservation work is recognised and studies
embrace the Albert Dock, Liverpool and the
current Singaporean policy in a multi-racial
country. Urban renewal projects, which are
becoming increasingly urgent with such large
areas of derelict land in the UK and many other
countries, centre around London Docklands,
Swansea Maritime Quarter and Darling Harbour
in Sydney.

Flood relief schemes include the Thames and
Barking Barriers and two projects in Yorkshire,
while sea defence and coastal and river ma-
nagement systems are examined and supported
by practical examples. Port and harbour construc-
tion and regeneration schemes embrace Aber-
deen, Felixstowe, Umm al Qaiwan (United Arab
Emirates), and the Hebrides and Shetlands. The
design and siting factors of container terminals
are considered with case studies of Bahrain and
Indonesia. Extensive reclamation processes in
Singapore and Hong Kong are examined together
with their important after-use. The importance of
irrigation in dry regions, including the re-use of
sewage, is examined supported by relevant
examples in the Middle East and Madeira. The
main characteristics and hazards of offshore
works are investigated and a study made of the
Magnus Oilfield and other North Sea projects.

A variety of recreational facilities are con-
sidered ranging from water based sports to
swimming pools and sports stadia, illustrated by
noteworthy examples such as the Holme Pierre-
pont Water Sports Centre and Toronto’s Sky
Dome. Other famous recreational structures in-



vestigated include the Sydney Opera House and
Sydney Centrepoint Tower. The study of recrea-
tional facilities also encompasses national parks
and associated recreational features, garden fes-
tivals and Sentosa Island, Singapore.

Energy generation involves extensive civil en-
gineering works and particular attention is paid
to the design and construction of power stations,
with practical examples taken from China and
Hong Kong. The importance of hydroelectric
schemes is recognised and the study includes
major schemes in Malaysia, Java and Kenya. The
final chapter concludes with a comparison of the
Severn and Mersey Tidal Barrage schemes and
the use of wind energy systems.

The book is designed to meet the needs of a
wide range of readers in the UK and overseas,
ranging from practising civil engineers and civil
engineering students, to consultants, contractors
and clients. There is much within its pages of

Preface xi

interest to a wider readership including structural
engineers, architects, surveyors, builders, plan-
ners and environmentalists, and also lay persons
who wish to know more about the provision,
operation and maintenance of a country’s infra-
structure.

The preparation of the book has involved the
author in extensive research and the text has
benefited enormously from the contributions
made by the numerous persons and organisations
listed in the Acknowledgements section of the book
and throughout the various chapters. They have
all given so freely and so willingly of their time
and resources.

Abbreviations are used extensively and they
are listed in the Appendix at the end of the book
for ease of reference.

IVOR H. SEELEY
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1

General Background to Public

Works Engineering

This chapter is introductory in nature and des-
cribes the type of activities embraced by the
term Public Works Engineering; the various parties
involved, the possible effect of the European
harmonisation arrangements in 1992; financing,
management and marketing; use of computing
aids; whole life costing; contractual arrange-
ments, communications; liabilities; quality assur-
ance; safety, and environmental aspects.

General Introduction

For the purposes of this book the term Public
Works Engineering embraces the many aspects of
civil engineering work which are of use and
benefit to the public, and they can be undertaken
by public, private or statutory organisations. The
main activities will be discussed later in this
chapter. In general, civil engineers change the
natural environment for the benefit of humanity,
and provide and maintain the infrastructure of
structures and services which are so essential to
the survival of civilisation.

The Confederation of British Industry aptly
described how ‘the infrastructure is the fabric of
the nation. It is important to us all. It is the
foundation on which our standard of living is
built. It is important to industry and commerce
because it provides the essential support for the
endeavours in the creation of wealth’.!

The majority of persons concerned with the
design and execution of major schemes of public
works engineering are corporate members of the
Institution of Civil Engineers, and are frequently
supported in their work by technician engineers.
The Institution of Civil Engineers - civil means
civilian as opposed to military — was founded in

1819, and has a royal charter to work for the
benefit of society. In 1989 it had 72000 cor-
porate members serving the communities of 146
different countries. The Institution has three main
roles — learned society (to facilitate the advance-
ment of the engineering science and the acquisi-
tion of knowledge), qualifications (to ensure
members are appropriately prepared for and
competent in the profession) and public affairs
(including giving advice to government).

It would be appropriate at this stage to give the
definition of the profession of a civil engineer as
stated in the Royal Charter of the Institution of
Civil Engineers, namely ‘the art of directing the
great sources of power in Nature for the use and
convenience of man, as the means of production
and of traffic in states for both external and
internal trade, as applied in the construction of
roads, bridges, aqueducts, canals, river naviga-
tion and docks, for internal intercourse and
exchange, and in the construction of ports,
harbours, moles, breakwaters and lighthouses,
and in the art of navigation by artificial powers
for the purposes of commerce, and in the con-
struction and adaptation of machinery, and in the
drainage of cities and towns.” This wide ranging
definition needs to be interpreted in the light of
changed technologies and the establishment of
the Institutions of Electrical and Mechanical
Engineers.

The Institution of Municipal Engineers merged
with the Institution of Civil Engineers in 1984
based on the large degree of common interest, to
reduce the amount of fragmentation already exist-
ing amongst the chartered engineering bodies
and to form a cohesive force dedicated to further-
ing the interests of the profession as a whole. The
essential traditions and aims of the Institution of
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Municipal Engineers were preserved by the crea-
tion of the Association of Municipal Engineers.
The Association has welcomed into membership
civil engineers who carry out work for municipal
authorities but are not employed by them. Profes-
sionally, municipal engineers have been at the
forefront of change and from daily experience
develop a sense of social conscience irrespective
of personal political preference.

The main aims of the Association of Municipal
Engineers are as follows:

1. to influence and promote the needs and bene-
fits of public sector engineering both within
the Institution and outside the profession;

2. to develop engineering and management
excellence in public sector engineering; and

3. to promote a corporate identity for public
sector engineers in the divisions and the
United Kingdom as a whole.

The Association forms a focus and forum for
those members of the Institution of Civil Engin-
eers who are involved in the provision, operation,
development and maintenance of municipal and
public services. It seeks to develop among civil
engineers an awareness of the needs of the com-
munity, to encourage knowledge of relevant legis-
lation and to promote excellence in the art of
public administration and management. It issues
a lively and informative journal, arranges an
annual conference, debates and seminars and
awards prizes for published papers. In 1989 it
had a membership of about 11 000.

Nature and Scope of Public Works
Engineering

The range of public engineering works is ex-
tremely wide and covers a great diversity of
projects of varying size and complexity and
located worldwide. The following schedule lists
most of the main projects making up this field of
activity:

highways with associated bridges and tunnels,
and traffic management schemes

airports, railways, rapid transit systems, canals
and navigable rivers

sewerage and sewage disposal (waste water
engineering)

waste disposal

water supply, treatment and distribution
urban development and redevelopment, re-
newal and conservation

recreational facilities

flood relief

irrigation

port and harbour works and marinas

marine and coastal engineering

land reclamation

power generation

barrages

offshore engineering.

Many of the projects have become more sophis-
ticated such as the Mass Rapid Transit network in
Singapore and the Channel Tunnel, large environ-
mental engineering projects, vast motorways with
their complex intersections and large extensions
to major airports, all of which feature in this
book. The problems of urban decay, deprivation
and dereliction have become ever more wide-
spread and require urgent and substantial re-
sources for their alleviation.

The comparative poverty of many third world
countries is generally caused by inadequate water
supply, irrigation and transport systems, and
insufficient energy and poor housing; and all
aggravated by rapid population growth, coupled
with reduced productivity engendered by en-
demic ill health, mainly caused by impure water
supplies and inadequate sanitation. Unless these
major deficiencies are remedied they could
become the cause of serious strife in the years
ahead. Hence it is vitally important to increase
investment in public works engineering through-
out the world,? and particularly in Africa and
Latin America. Unfortunately, in the early 1990s
the poorest nations, weighed down by debt, were
becoming poorer and the infrastructure develop-
ment which must form part of any strategy for
economic growth was not taking place.

The United Nations Centre for Regional
Development (UNCRD) initiated a cross-national
research project on Managing Urban Develop-
ment: Focus on Services for the Poor. The Centre



has organised expert group meetings to discuss
concept papers commissioned by the Centre; and
to prepare a research format for undertaking
comparable case studies of urban projects. The
publicationUrban Services in Developing Countries®
includes the revised version of these concept
papers and examines both policy issues and
actual experiences with pioneering programmes
in developing countries, and focusses on the roles
of government, community organisations and
international agencies such as USAID, the World
Bank and UNICEE Problems of organisation and
management, finance, social services, housing,
slum upgrading and credit provision for small
scale businesses are highlighted.

Another important concept facing civil engin-
eers has been their role in society and they
responded by setting up the Infrastructure Plan-
ning Group (IPG) in 1981 with the remit of
reviewing, establishing and recommending the
infrastructure needs of the United Kingdom until
2000. The IPG produced two reports, the first in
1984 giving an overall picture of the infra-
structure,* and the second in 1986 concentrated
on transport and water supply.® The IPG has also
sponsored a number of major debates on such
topics as capital investment and the water in-
dustry, the future of railways, the Channel Tunnel
and the consequences of the government’s air-
ports policy.

Effect of European Community
Harmonisation Arrangements on
the Construction Industry

General Implications

A single European market in 1992 embracing
320m consumers will result in fundamental
changes to the British construction industry. It
poses a threat to those who cannot adapt but will
provide tremendous opportunities for those who
are willing to expand into the world’s largest
market.

To make the most of the changing situation,
each construction company needs to examine its
own strategic plan, decide where its main ex-
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pertise lies, and then proceed to build a European
business based on these. It may be that the best
way forward is by joint ventures with other
European companies. The poorer European coun-
tries like Spain, Portugal, Italy and Greece, who
are the main recipients of the European Com-
munity’s structural adjustment programme for
infrastructure development, may provide sc-
hemes to which UK contractors could be attrac-
ted. Projects like the Channel Tunnel, which
brought together five British and five French
contractors, could lead to continuing associations
for work on future schemes.

It is evident that companies with European
ambitions need to undertake extensive market
research to understand the mechanism of the
construction industry in each EC member
country, as only by knowing specific client re-
quirements and their competitors will they be
able to compete effectively. They will also need to
consider the likely shape of their business organ-
isation in Europe, the number, size, nature and
location of production and distribution units, the
recruitment and training policies with special
emphasis on linguistic abilities and the alliances,
joint venture, merger and acquisition policies.®

Consultants will also recognise the attraction
of a single European economy, based on their
substantial experience in so many branches of
construction work. They will also need to carry
out similar investigations and activities to those
described for construction companies. This could
result in the amalgamation of firms and a sub-
stantial reduction in their total number.

Qualifications are subject to two different
approaches. A general directive for professional
qualifications came into force in January 1991,
whereby chartered bodies are obliged to recog-
nise equivalent qualifications in other EC coun-
tries. At craft level, vocation qualifications in the
EC will be linked to mutually agreed job des-
criptions.

An examination of the role of civil engineers in
other EC countries and the way in which they
operate is also needed. For example, in France the
engineer is the most dominant person in the
construction industry. He supervises work on
site for the client and contractors, is heavily
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involved in design work, and undertakes many
of the functions that in the UK would often be
carried out by building and quantity surveyors.
The architect is normally only responsible for the
conceptual design of a building with little involve-
ment in detailed and working drawings which
are usually produced by the contractor.”

EC Directives

A number of directives have been issued with
radical implications for the UK construction in-
dustry. For example, public works directive 71/
305 has been in existence since 1971 and requires
national public works authorities to advertise all
tenders for construction over the stated value in
the European Journal. It also permits engineers/
contractors from other member states to submit
alternative tenders. This directive has since been
revised to raise the level of contract values and to
require public works authorities to accept for
consideration alternative tenders based on Euro-
pean codes and standards.®

Other important directives with construction
implications include the construction products
directive, which applies to all products for per-
manent inclusion in building and civil engineer-
ing works. On large public sector contracts the
materials will have to be specified and advertised
in the European Journal to enable manufacturers
from other member states to bid for the contracts.
Yet another impending directive at the time of
writing this book required the advertising of
consultants’ appointments on large projects,
although this carries with it a number of prob-
lems, including the possible difficult adminis-
tration of competitions.

Further controversial proposals include the
establishment of a standard form of construction
contract for Europe. This fails to recognise the
impossibility of considering a legal document in
isolation from the legal systems in which it
operates. European legal systems vary funda-
mentally. In some countries the law of contract is
paramount; whereas in others, such as France,
Belgium, Spain and Italy, the civil codes are
stronger than contract provisions. Anglo Saxon

countries have no civil code but common law
based on precedent, which again can take prece-
dence over a contract. Liability for construction
works also varies considerably making for prob-
lems in harmonisation.

Eurocodes and Related Standards

Eurocodes are intended to cover the design rules
for all types of structure, except certain very
specialised forms such as nuclear reactors and
long span bridges. The first nine Eurocodes en-
compass common unified rules; concrete struc-
tures; steel structures; composite steel and con-
crete structures; timber structures; masonry
structures; foundations; structures in seismic
zones; and actions.

The Commission intends that these design
codes will have the following objectives:

(@) to promote the functioning of the Common
Market by removing obstacles arising from
differing rules, and the regulatory auth-
orities of member states will be expected to
give equal status to the European codes and
national codes

(b) to provide common technical rules for the
efficient application of the Council directive
71/305 on the co-ordination of procedures
for the award of public contracts, which can
be applied as an alternative to the national
rules

(¢) to reinforce the competitive position of the
European construction industry and allied
professions in countries outside the Com-
munity - future EC contracts are likely to
require that the work be in accordance with
European codes and standards
to establish a basis for the common rules
intended for building products - the con-
struction products directive will refer to
interpretive documents in the context of
establishing criteria for the design of
products; and for structural products Euro-
codes will fulfil this function.

The format of the Eurocodes draws a distinc-
tion between principles and application rules.

(d)



The principles relate to matters for which there is
no alternative; they are therefore mandatory in
the context of Eurocodes. The application rules
are those which satisfy the principles. The
designer has the freedom to use other equivalent
methods of satisfying the principles, but the basis
of any such method will have to be justified by
the designer to a regulatory authority where
appropriate ®

The preparation of the documents has been
carried out by drafting panels of experts
appointed by the Commission. They have used as
their starting point the technical base/model
codes prepared by relevant European techno-
logical associations. In the UK the Department of
the Environment (DOE) is the body primarily
responsible for matters of policy concerning the
Eurocode programme and for the provision of
funds for the necessary design and safety studies
required when the national comments are being
developed. The DOE relies on the British
Standards Institution (BSI) to provide the tech-
nical response from industry.®

The intentions of the Commission concerning
the use of Eurocodes as design codes are as
follows:

(@) Their use should be optional and they
should be permitted to exist in parallel with
national codes.

When the final draft has been approved by
the member states, the Eurocodes shall be
offered to the Comité Européen de Normal-
isation (CEN) - the European committee for
standardisation and the European equi-
valent of BSI - as a basis for harmonisation
of national codes of practice.

() The European Free Trade Association
(EFTA) countries should be given the oppor-
tunity to comment on and to participate in
the approval process, so that the Eurocodes
can be accepted throughout Europe and not
just within the EC.

The European code on actions together with
the design codes and key material standards
shall form a European operational package.

(b

(d

However, the ultimate objective is that the
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European codes shall replace BSI codes when
finally approved and after an appropriate transi-
tion period, although there is a significant input
from BSI in their formulation.

The principal objective of the Eurocode is to
facilitate trade in professional services across the
member states. UK consultants will generally
find it easier to obtain local approval of their
designs in other member states when they use
Eurocodes. However, in practice the problem of
code approval is only one factor in the difficulty
of operating in other European countries, and
another is language, as British engineers are
rarely fluent in other languages.

Other engineers in the Community may see the
UK as a new market for their services and will
have no language problem.?

In the early 1990s it was probable that many
more British engineers worked in overseas con-
tracts outside the Community than in the other
member states, which are incidentally now
becoming part of the home market. Furthermore,
the Community has a significant annual invest-
ment in contracts in Third World countries. In
future it seems inevitable that the Commission
will insist that such contracts be based on Euro-
pean codes and standards. This will have signifi-
cant implications for those engineers who are
currently used to designing in accordance with
British codes. In addition, in most engineering
contracts the materials are specified on the basis
of the standards to which the design codes refer.
A change of code could therefore have significant
implications for material manufacturers.?

When completed the Eurocodes will reflect the
civil and structural engineering technology across
the EC, and with the active co-operation of the
EFTA countries, over the whole of Europe. Bartle
and Thorburn® have described how as the codes
are updated not only will they reflect the latest
technology, but also generate new technology
which will enhance the quality and image of the
European construction industry. There will be an
increasing need for greater European collabora-
tion in civil engineering research and develop-
ment, with substantial financial assistance from
EC funds.
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Nature, Role and Terms of Engage-
ment of Public Works Engineers

The Engineer

In Civil Engineering Procedure,® the Engineer is
defined as ‘the person representing the organ-
isation which provides professional advice on the
investigation for, and the design and construction
of, civil engineering works.” Consulting engineers
usually practise in the form of partnerships but
may practise as limited liability companies or as
individuals. Alternatively the Engineer may be
an employee of the Promoter. The Contractor can
also employ engineers to carry out civil engineer-
ing duties on the sites of projects.

It is usual for the functions of the Engineer to
include the development, design and technical
direction of the Works, preparation of specifica-
tions, bills of quantities and other contract docu-
ments. During the execution of the Works, his
duties include the inspection of materials and
workmanship and a variety of administrative
duties such as the measurement and valuation of
the work and the pricing of varied work, in which
he may be assisted by a quantity surveyor.

Promoters include central government depart-
ments, local authorities, national or public
industries or corporations, incorporated com-
panies, and other organisations, both in the
United Kingdom and overseas. In 1987 public
new construction spending on infrastructure in
the United Kingdom amounted to £35Im on
water and sewerage, £220m on electricity and
coal, £732m on roads, £193m on railways and air
transport and £108m on harbours and waterways.

Consulting Engineers

The Association of Consulting Engineers was
formed in 1913 to promote the advancement of
the profession of consulting engineers (not ex-
clusively civil engineering) and to ensure that its
members advising on engineering matters are
fully qualified engineers in their respective fields
and at the same time willing to be bound by a
strict code of professional rules. The Association

also provides for the information of the public a
list of independent engineers who are not direct-
ly or indirectly connected with any commercial
or manufacturing interests which might affect
their professional judgement. It affords a means
by which the profession can confer with govern-
ment and public departments as well as other
professional bodies, and recommends conditions
of engagement between the client and the consult-
ing engineer.’

The International Federation of Consulting
Engineers (FIDIC) was also founded in 1913 by
five national associations of consulting engineers
within Europe, and since the last war has
expanded substantially to embrace thirty coun-
tries within its membership. Its objects are to
disseminate information of interest to its members
and promote their professional interests. Probably
the best known of its publications is the FIDIC
Conditions of Contract which are used inter-
nationally.

Initially, consulting engineers tended to special-
ise in activities such as roads, bridges, tunnels,
dams and maritime works and their reputations
were built on major projects constructed both in
the United Kingdom and abroad. One major
success story is the establishment and high
reputation of British consulting engineers in
respect of their overseas work which provided a
valuable source of earnings.!®

As the workload increased, firms of consulting
engineers grew in size and although they may
have been founded on specialist activities, many
firms have merged and diversified in the range of
their work. In the UK in 1990 there were about 12
firms with a staff in excess of 1000 employees.
Most of these undertake the whole range of civil
engineering work, of which public works
engineering forms a dominant part, and many of
them provide specialist services such as electrical
and mechanical engineering, geotechnical engin-
eering, transportation, and planning and environ-
mental work.

Large firms of consultants frequently structure
their activities by regions or types of service often
on a divisional basis. For example, Watson Hawk-
sley who specialise in water, wastewater, and
environmental engineering and science, have



structured the group into three regional divisions
in the UK, a European division and four overseas
divisions, together with three specialist divisions
based on the head office covering earth science
and dams, mechanical and electrical, and process
design. By comparison, Binnie and Partners who
specialise in water resource development, have
formed twelve specialist groups and depart-
ments embracing such activities as computer aid-
ed draughting, geological, geotechnical, hydro-
logy, marine, wastewater, and water treatment.

The very large Travers Morgan Group has
formed three main divisions which are then
further subdivided into a variety of both regional
and specialist activities, ranging from railways,
civil engineering, electrical and mechanical to
planning and environment, and landscape. The
three main divisions are also supported by three
others covering international work, computing,
and a service company to the Group. There is no
universal structure and each one is designed to
suit the individual needs of the particular con-
sultant. It is emphasised that the examples have
been taken at random.

Furthermore, the range of services offered by
the leading consultants has become much more
comprehensive and sophisticated and can en-
compass such diverse activities as formulation of
alternative strategies, investment appraisal, sensi-
tivity analysis, risk analysis, project finance, plan-
ning and programming, life cycle costing, quality
assurance and advice on a whole range of con-
tractual and cost related matters. Most of the
consulting engineers have highly efficient market-
ing departments and issue an excellent selection
of high quality, informative and very well
presented and illustrated brochures giving the
potential client a valuable introduction to the
range of services offered by the practice.

Engagement of Consultants

The Association of Consulting Engineers formu-
lated recommended fee scales and is of the
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opinion that competition in quality of service or
by innovation based on research is a much better
form of selection than price competition. The
Association also felt that price competition was
fraught with dangers such as the employment of
less competent staff, the preparation of inade-
quate or extravagant designs, possibly resulting
in high maintenance and operating costs. How-
ever, the Monopolies and Merger Commission
was not convinced of the validity of this argument
and concluded that the imposition of rules which
prevented competition on the basis of fee scales
was against the public interest.

By the mid-1980s most public sector financed
work given to consulting engineers was awarded
on a competitive fee basis. It could be argued that
the fee structure yielded windfall profits in times
of inflation and that savings could be possible
with the more extensive use of computer-aided
systems for survey plotting, and drafting bills of
quantities and specifications and the develop-
ment of more efficient and economical working
practices. But there still remains the fear that
minor savings in fees are no real substitute for
much higher maintenance costs resulting from
over-economising and insufficient attention to
detail at design stage.!!

If fee competition is to be applied to profes-
sional design and supervision services, it is essen-
tial that consultants receive adequate briefs and
the following four conditions have wisely been
suggested as desirable requisites:

(@) the services to be supplied should be
adequately specified in advance of com-
petition

only firms capable of carrying out the ser-
vices should be invited to compete

(c) there should be a means of ensuring that
the services are correctly supplied as
stipulated

the supplier of services should be reason-
ably expected to remain financially sound
and have relevant insurance, continuing
until the expiry of the relevant legal limita-
tion period.!!

(b)

(d)
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Municipal Engineers

Municipal engineers are responsible for the pro-
vision of much of the infrastructure for society,
despite the privatisation of some of the municipal
services. They are heavily involved in trans-
portation, highways, urban development and
redevelopment, coastal protection, ports, har-
bours, airports, cleansing, waste disposal, land
reclamation, building control and recreational
facilities. Moreover, working in a local govern-
ment environment demands a variety of skills to
be employed in the political and democratic pro-
cesses, relating to the promotion and adminis-
tration of technical services, apart from the exer-
cise of expertise in civil engineering.!2

By the late 1980s the municipal engineering
profession was facing an unprecedented amount
of external pressure, particularly from central
government. Issues such as the crumbling infra-
structure, privatisation, officer/member relation-
ships and financial restraints imposed by central
government, combined to compel the municipal
engineer to adopt different and versatile ap-
proaches to many of his functions.

A local government officer has a duty to his
employer who is generally represented by the
controlling group on the council. He also has a
professional duty to give his professional advice
without fear or favour, and he needs to know that
he has an absolute right to report a dissenting
opinion. Having done that he has a duty to act on
the decision finally made by the Council.

Councillors are politically aware of the needs
and actions required in caring for their wards and
districts. They have a vision of what they want
but the reality of the situation does not always
match their aspirations with regard to time, cost
and/or quality. Ideally, the councillors will rely
upon the engineer to advise them on the prac-
ticalities and economics of alternative proposals.
The engineer often needs to consult with other
officers of the council when matters arise which
have legal and financial implications and, on
occasions, it is necessary to prepare joint reports.

Rogers!? points out that in future, to ensure full
accountability, it is probable that engineers will
need to separate the work of the design team

from client activities, and to complete timesheets
for the design work in the same way as con-
sultants. This is essential for monitoring expendi-
ture on specific schemes or elements of such
schemes, to determine whether or not the opera-
tion is profitable and as a basis for future bid
proposals. From completed timesheets it is pos-
sible to ascertain the amount of productive time
of the design team. A common target in con-
sultants’ offices is around 82%; the unproductive
time being taken up by leave, sickness, office
administration and sometimes waiting between
projects.

Another important element to be included in
the costings is that of overheads, which consist of
such items as:

(@) rent, rates and other expenses of the upkeep
of offices, their furnishings, equipment and
supplies

(b) insurance premiums other than those re-
covered in payroll costs

(©) administrative, accounting, secretarial and
financing costs

(d) cost of keeping abreast of advances in
engineering

(e) cost of preliminary operations for new or
potential projects

(f) loss of productive time of technical staff
between assignments.

Future of the Municipal Engineer

It is possible that significant changes could take
place in the role and activities of the municipal
engineer by the mid-1990s. He could con-
ceivably become part of a more general technical
services department, embracing architects, engin-
eers, quantity surveyors, estate and planning
officers and environmentalists. In this situation,
the engineer will need to compete with other
professionals for the leadership of these major
spending departments. Furthermore, chief offi-
cers may be recruited without previous local
government experience and engineers aspiring to
top posts may have to be prepared to transfer
between private and public sectors in the develop-
ment of their careers.



Engineering departments are likely to be
smaller and to concentrate their in-house work
on smaller capital schemes and revenue expendi-
ture. Major capital projects are more likely to be
undertaken by specialist consultants supported
by highly computerised facilities, with the com-
missions awarded in competition. There could be
increasing emphasis on direct government fund-
ing and control of major infrastructure projects.

The engineer could provide an important
service as ‘enabler’ or client adviser to other
departments whose technical work is undertaken
by consultants. The provision of engineering
services is likely to be subject to increasing
budgetary controls and cost monitoring and
must be highly cost-effective.

Implementation of Public Works
Engineering Projects

Contractors

The bulk of public works engineering projects are
undertaken by general contractors who, on
account of their extensive knowledge and experi-
ence, are able to accept responsibility for the
construction of the whole of a project. They are
usually limited liability companies. Many of the
larger contractors carry out both building and
civil engineering work; many public works
engineering contracts contain some building
work and the demarcation line between the two
classes of work is, on occasions, rather blurred.
Asfor example structural steelwork and chimneys
on power station contracts.

The larger public works engineering projects
require considerable technical knowledge, skill
and ingenuity in their construction. The use of
new materials, plant and techniques is con-
tinually changing the nature and methods of
construction, and the increasing size and com-
plexity of the works, often coupled with difficult
site conditions, call for ever greater expertise and
skill on the part of contractors, who carry very
heavy contractual responsibilities.

Contractors who confine their activities to
selected classes of work are generally referred to
as specialist contractors. They carry skilled staff
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and plant particularly suited to their sphere of
work and can therefore undertake the work eco-
nomically and efficiently, to the advantage of
promoters and general contractors alike. A
specialist contractor may perform his work by
sub-contract to a general contractor who will act
as co-ordinator. Alternatively, the specialist con-
tractor may carry out his work by direct contract
with the promoter. Specialist work encompasses
such activities as demolition, earthworks, piling,
tunnelling and marine work.

The Federation of Civil Engineering Con-
tractors was formed in 1919 with the following
main objectives:

1. to further the interests of its members

2. to establish amicable arrangements and rela-

tions between its members and their work

people and to regulate wages and working

conditions in the industry

to maintain a high standard of conduct

4. to combat unfair practices and encourage
efficiency among its members

5. to settle and secure the adoption of standard
forms of contract embodying equitable condi-
tions.

i

Local Authority Direct Labour
Organisations

The method of operation of local authority direct
labour organisations changed significantly in the
1980s as central government introduced measures
aimed at ensuring greater accountability and
increased value for money. Municipal engineers
have generally responded well to the changed
situation and recognised the need for competition
in the provision of local government services.
Carter!3 described how these requirements sharp-
ened the approach to, and the appreciation of, the
need to review constantly whether or not
methodology and operations were achieving
objectives and value for money. The fact that a
service has historically been provided by directly
employed personnel does not in itself justify
claims that it cannot be provided at least equally
by other means.
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The Local Government Planning and Land Act
1980 and the associated statutory instruments
contained five major requirements relating to
direct labour organisations (DLOs):

1. to maintain and publish promptly separate
accounts on a trading account basis for each of
four main categories of work, giving a true
financial picture of their operations (general
highways and sewer works, other works of
new construction exceeding £50 000, ditto not
exceeding £50 000, and other works of main-
tenance)

2. to obtain tenders for work above prescribed
limits in each category

3. to achieve a rate of return on all capital

employed (initially 5%)

provision and publication of reports

power of Secretary of State to close down

DLOs in certain circumstances.

o1

In preparing estimates and tenders a DLO
must include a fair proportion of local authority
administrative charges, which are comparable
with contractors” oncosts. It is frequently argued
that DLOs could operate more cheaply if they
were not subject to inhibiting local authority
conditions, such as higher than average safety
and training standards, and committee structures
and cycles, or the dependency on other local
authority departments for advice and service,
although it should be borne in mind that the
larger contractors also have to pay for legal,
accounting and personnel advice.

The Local Government Act 1988 placed further
restrictions on local authorities by requiring them
to invite bids from both private companies and
staff to operate seven services, namely school
meals, other catering, refuse collection, street
cleaning, building cleaning, grounds main-
tenance, and vehicle maintenance.

The quality of the service provided by private
contractors will be influenced by the adequacy of
contract documents, the manner of selection of
tenderers and the standard of supervision of the
contract.* A common local authority assertion
that putting out work to the private sector will of
necessity result in a worse service is unsustain-
able, although there are certain activities, par-

ticularly emergency works, where DLOs can
often offer the best service. One major weakness
is that all too frequently the work of DLOs is
shared between committees and sub-committees
which are not responsible for achieving satis-
factory rates of return.

Green' has described how local authority
committee and departmental structures are gener-
ally ill-suited for running a business. Lines of
communication are too long, decision making is
too centralist and too slow, accountability is not
clearly defined, there is inadequate delegation,
overlapping of roles between members and
officers and an abundance of incompatible objec-
tives. Standing orders are generally designed to
protect the local authority as an employer of
contractors rather than a contractor in its own
right.

An Audit Commission report in 19895 claimed
to have found strong evidence that in many local
authorities the costs of building maintenance
direct labour organisations were far higher than
they need be and that not enough attention was
paid to the quality of service. The Commission
recommended better management and control of
overheads, improved incentive and bonus
schemes and better training schemes.

The changing climate has produced the need
for the municipal engineer to change from his
role as a trusted public servant to a thrusting
commercial manager, concerned with identifying
needs and developing performance standards. In
some cases this has involved a complete review
of operations which were based on outdated
customs and practice.

All activities need to be kept under constant
review and alternative procedures costed and
compared. The use of computer technology can
assist in assessing the operational and financial
consequences of alternatives, whether provision
is by contract or direct labour. The various ele-
ments constituting the service, such as transport,
equipment, labour and accommodation, require
detailed assessment. This analysis, coupled with
investment decisions and the establishment of
realistic productivity levels, will help in pro-
moting the more efficient direction of future
operations.3



Financing Public Works Engineering

Local Authority Finance

Local authorities may finance capital expenditure
from a number of sources of which the main ones
are borrowing, capital receipts embracing income
from the sales of assets such as surplus land and
council houses, grants from central government
and poll tax or other local tax. The principal
source of funds still remains government grants,
which were progressively reduced in real terms
during the 1980s.

Problems in the planning and implementation
of public works projects have often been exacer-
bated because of conflicting objectives between
central and local government. Despite the original
intentions the grant system offers little or no
flexibility. Even the option of using finance raised
through capital receipts has been progressively
reduced by a central government whose main
preoccupation is to keep spending within annual
cash limits. Operating on an annual basis creates
the worst possible conditions for promoting
capital projects which often span two or more
financial years. It is necessary to plan on a longer
term and the Audit Commission!é has advocated
a minimum of three years.

Government Financial Policy

The medium term government financial strategy
is designed to curb inflation and create the
environment for a reduction in interest rates,
which in 1989 rose to an unacceptably high level.
The public sector borrowing requirement (PSBR)
is based on the difference between government
revenues and public spending, and no distinction
is made between capital and revenue spending.
This form of cash accounting can result in in-
correct spending priorities.

The Infrastructure Planning Group (IPG) of the
Institution of Civil Engineers has criticised the
essentially ad hoc nature of government policy
and suggested that there should be a continued
development of knowledge on the state of assets
and a clearer link between this knowledge and
national considerations. The government should

General Background to Public Works Engineering 11

ideally encourage and participate in the assess-
ment of the adequacy of services and the financing
of essential works. Major government initiatives
in the funding of urban renewal was in the 1980s
restricted to the two development corporations in
Liverpool and London.

Private Finance

Private sector money can be used to finance
schemes of public works engineering where the
user pays directly for the service. Typical exam-
ples are the Tay road bridge, the third Dartford
crossing and the Channel Tunnel. The latter
project, described in chapter 2, highlighted some
of the major difficulties with the financial institu-
tions being reluctant to loan the £5b required to
finance the project and the uncertainty regarding
the future return on investment, highlighting the
need to develop suitable guarantee systems.
Eurotunnel was a company with no trading
history and it eventually secured a project finance
agreement with almost 200 international banks
providing, in six tranches, loans and letters of
credit facilities equivalent to £5b.

Partnership schemes between local authorities
and private enterprise have become quite
common in large scale town centre redevelop-
ment schemes and other urban renewal projects.
The local authority has powers of compulsory
acquisition which are vital if the best pattern of
development is to be achieved. The local auth-
ority also meets certain basic costs apart from
land acquisition, such as site clearance and the
provision of roads and services and execution of
other public improvements. The private de-
veloper often has a vital role to play with regard
to availability of capital, knowledge of the market
and ability to exploit commercial opportunities.!”

Financial Assistance from the Euro-
pean Commission

In 1989 the European Community established a
revised set of articles covering the distribution of
the European Regional Development Fund. The
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greater part of the fund, approaching 80%, is now
reserved for projects within the objective one list
and will be allocated to the less developed
southern areas of Europe in Greece, Spain,
Portugal and Italy. While objective two areas,
which include the United Kingdom, will be
competing for a smaller proportion of the fund
than hitherto, although the fund was doubled in
size.

The European Regional Development Fund is
essentially about civil engineering projects. The
United Kingdom has received millions of pounds
for infrastructure projects, especially road sche-
mes. There is a considerable amount of flexibility
in the management of the fund and any developer
should argue his case strongly and with con-
viction. The history of the Birmingham Conven-
tion Centre, a £120m project which eventually
received a 35% grant, is an object lesson in
perseverence and ingenuity.

Financing Overseas Work

There is ample evidence of the significant benefits
for the British economy from overseas con-
struction projects with a major UK input. The
Greater Cairo wastewater scheme in Egypt, des-
cribed in chapter 4, is estimated as providing
employment for UK personnel amounting to
10 000 man years for the duration of stage one
contracts and contributing £200m to the balance
of payments, for an initial Overseas Development
Administration grant of £50m.

Companies operating overseas face consider-
able difficulties in finding funds for schemes,
particularly in poorer countries. Some form of
government assistance in helping to find or
underwrite sources for these funds is needed as
well as back up funds when conventional finance
is unavailable.

Consultants, contractors and bankers all have
an important role to perform in generating
successful international contracts. Consultants
must be prepared to produce innovative designs,
while contractors need to maintain a sustained
presence in areas in which business is to be won
and to actively market themselves entailing heavy

speculative expenditure. There is an acute need
for cofinancing schemes involving the World
Bank and other multilateral bodies. Private sector
investment plays a major role in financing third
world development and this could increase
significantly in the future.

Management and Marketing of
Public Works Engineering

Principles of Management

The principal management objectives can be
summarised as follows:

1. to secure the future survival of the organ-
isation developing appropriate and timely
innovation

2. to achieve an effective and efficient organ-
isation based on highly motivated and com-
mitted employees

3. to identify and implement the management
techniques which are best suited to the par-
ticular organisation

4. to secure the effective breakdown of very
large organisations to prevent the stifling of
entrepreneurial drive, creativity, adaptability
and innovation

5. toachieve the optimum mix of rational, logical
decision-making and problem-solving activi-
ties and intuitive, judgemental activities.!®

Staff Development

Staff development is concerned primarily with
improving a person’s performance in work, by
reference to the organisation’s objectives and
needs, and based on an effective appraisal system.
The gap which exists between present and
required job performance should be identified as
appraisal and action can then be taken to remedy
the situation. Many methods are available for
continuing staff development, including in house
training, guided reading, undertaking projects,
attending courses, seminars and conferences, site
visits and job rotation.



Good staff need satisfactory long term career
prospects if they are to be effectively motivated
and retained. Annual appraisals of staff are
customary following which the future career
development of each member of staff can be
considered.!®

Contract Management

Most contractors train their staff in contract
management techniques in accordance with
established policies and practices, but ideally
embracing a reasonable amount of flexibility in
operation. The contractor has two main objec-
tives:

1. completion of projects to the reasonable satis-
faction of the promoter, i.e. on programme, to
an acceptable standard and within the budget
price

2. to carry out the work efficiently, smoothly
and safely, with a reasonable profit margin.

The engineer for the contract also has some
involvement in contract management to ensure
that the project is completed on time and within
the budget cost.

Marketing Local Government
Services

Marketing can be defined as the management
process responsible for identifying, anticipating
and satisfying customer requirements profitably.
An analysis of the current position leads naturally
to the development of a marketing plan, prefer-
ably based on a market-led approach. The chal-
lenge of change needs to be met in a positive way.
Identifying the needs of the public may reveal the
desirability of providing new products and ser-
vices or dealing with existing provision in a
different way which relates more closely to the
wishes of the consumer.?

Publicity will help to make people more aware
of local government, of the way it can affect their
lives, of the policies and objectives of the council,
and of the extent to which they are being success-
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fully achieved. Corporate image is important and
local authorities and other relevant organisations
need to be positive about its implementation.

Marketing strategies are the means by which
the marketing objectives are achieved. The pro-
posed strategies are reviewed with respect to
product-service, price-cost, place and promotion,
which must all be considered as an integrated
package.?0

Marketing Professional Services

The marketing of the professional services of
consulting engineers is becoming increasingly
necessary in a commercially oriented society. The
marketing momentum is usually initiated by the
principal or partners and is achieved through the
application of marketing strategies employing
diverse marketing tactics and techniques from
the extensive use of the media to the circulation
of sophisticated and impressive brochures and
other publicity material, such as newsletters,
video films, synchronised slide/tape presenta-
tions and exhibitions. This approach is being
encouraged by the erosion of traditional markets,
changes in client expectations and competition
from other practices adopting the latest marketing
techniques.

It is understandable that there can be some
reluctance from partners in traditional, well estab-
lished professional firms to the marketing concept
as being incompatible with the dignity of a
profession. The counter argument is that market-
ing makes use of proven activities from a highly
developed field of communication and creative
effort. The specialised marketing activities en-
compassing research, planning, promoting, dis-
tributing, selling and pricing, generally require
consultation with or employment of professional
marketing personnel. Common terms of reference
include public image, competitiveness, special-
isms, markets, fees, market trends, profitability,
pathways to growth, strategic planning, strengths
and weaknesses and risk factor. The marketing
mix ensures that appropriate skills, techniques
and price are matched as closely as possible to
market needs.?!
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Computing Aids in Public Works
Engineering

Computer Applications

An Institution of Civil Engineers conference?? in
1985 gave a broad overview of the role of
computers in the construction industry, and it
embraced such activities as:

(@) estimating and cost control

(b) design and construction (including analy-
sis)

(©) information management

(d) office systems

(e) computer-aided draughting

(f)  quality assurance

(g) expert or knowledge-based systems.

A number of these applications will be con-
sidered in later chapters. They have enabled
many calculations to be performed much more
quickly and the storage and speedy retrieval of
large amounts of valuable data.

Pilgrim? while accepting that the computer
has brought wide ranging benefits to engineering
research, including carrying out investigations
which without it would have been impossible,
believes that it does nevertheless have some draw-
backs. The main emphasis has been on office
based research at the expense of field or labor-
atory research. A danger lies in the tendency of
researchers to develop and apply complex models
of what they assume or imagine to happen in
reality, based on limited data, and then to publish
the results of their research. Similarly with large
data banks, the user often does not have access to
and contact with the original data in the form in
which they were gathered and is, in consequence,
unable to get the feel of the data and to assess
their characteristics and accuracy.

Database Management Systems

All the main manufacturers of computers offer
database management systems, designed to make
the development of custom software easier and

to allow a wide range of screen enquiries and
print-outs to be obtained to satisfy users’ specific
requirements, with considerable flexibility in
operation. The database approach also gives the
opportunity to develop common information
systems requiring fewer programmes, using
more advanced software and providing greater
flexibility and consistency of information.

A Central Computing Service

The Local Authorities Management Services and
Computer Committee (LAMSAC) is the central
local government organisation providing special-
ist services in management, information tech-
nology, purchasing, research and energy to all
local authorities in the United Kingdom.
LAMSAC was established in 1968 and is spon-
sored by the local authority associations and is
managed by a board of elected members who are
representatives of these bodies.
The organisation:

(1) provides an advisory service for local auth-
orities on computing, developing techno-
logy and associated management sciences

(2) acts as a focus for the collection and dis-
semination of good management practice
and value for money initiatives

(3) offers a consultancy service to local auth-
orities and others

(4)  undertakes sponsored research projects into
areas which will improve the economy,
effectiveness and efficiency of local auth-
ority operations

(5) provides appreciation seminars, work-
shops and conferences to promote aware-
ness of developments in the fields of inform-
ation technology and management sciences.

In addition to its annual grant from the associ-
ations and project funding from central govern-
ment and other bodies, LAMSAC earns income
from consultancy fees and software product sales.
These activities are not confined to local govern-
ment and LAMSAC is active in the wider public
sector and internationally.



Whole Life Costing

Whole life costing entails the consideration of all
costs, embracing initial construction, and opera-
tion and maintenance throughout the life of the
project at the design stage, in order to secure the
optimum long term solution.

Major Civil Engineering Schemes in
Developing Countries

In developing countries new investment is often
aimed at meeting growing demand, and is rarely
an alternative to adequate operation and main-
tenance. Poor operation or maintenance of major
civil engineering projects in developing countries
can result from inappropriate design, inadequate
resources or confused allocation of responsibility,
but there are also broader issues to be considered
such as:

(@) economic pressure to adopt low initial cost
solutions

(b) political pressure to give preference to high
profile projects

(c) career pressure on local engineers to be
involved in new works rather than opera-
tion and maintenance

(d) inadequate attention to handover from

designers to operators.

Two principal remedies have been suggested,
namely:

(1) forging closer links between those res-
ponsible for implementing new schemes
and those concerned with operation and
maintenance

(2)  whole life management of schemes, where-

by maintenance, replacement and rehabili-
tation is planned, implemented and moni-
tored throughout the life of a scheme, with
external funding better distributed between
new works and operation and main-
tenance.?*
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Application to Roads

Garrett? has aptly described how in recent years
decisions in the United Kingdom concerning the
design and maintenance of road schemes have
been made principally on the lowest initial cost
rather than whole life costs, and this has often
been the case with most other types of public
engineering works. This strategy has exacerbated
the current conflict between need and budget.
The situation is becoming increasingly acute
because many of these lowest initial cost road
schemes, which were constructed during a more
affluent period, are now having to be maintained
during a time of economic restraint. Indeed, the
problems faced by highway authorities of pro-
viding and maintaining the road network are not
dissimilar to those encountered by managers of
other elements of the infrastructure. To solve the
present crisis and to prevent the problem from
occurring in the future, it is essential that whole
life costing of alternative strategies for road
projects and their component parts is carried out
to provide optimum long term value for money.

This concept is encompassed in the term
‘terotechnology’ or physical asset management,
which is defined in BS 3811% as ‘a combination of
management, financial, engineering, building
and other practices applied to physical assets in
pursuit of economic life cycle costs.’

Using the system devised by Garrett in Figure
1.1 in which road maintenance costs in addition
to road construction and road user costs are
incorporated in a cost-benefit analysis, schemes
exhibiting optimum whole life costs and value
for money are likely to result.

As a typical example, changes in the frequency
of road sweeping can affect the drainage of a
road, which in turn can affect the structural
strength of the road and the safety of the user and
hence road user costs. Hence what appears to be
savings because of lower initial expenditure
against a particular budget can result in greater
overall costs. With the central reservations of
motorways, bituminous pavings are likely to be
the best long term cost alternative to soiling,
seeding and grass cutting. In like manner plastic
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grooving of concrete road surfaces is likely to
provide a cheaper whole life alternative than the
commonly used brushed finish with its limited
life.?

Discounting future costs to current values is
generally carried out when combining costs
incurred at different times. Discount rates of 7 to
8% are commonly employed. The use of high
discount rates favours low initial cost options by
suppressing future costs. This approach is further
complicated by the fact that maintenance/user
costs do not remain constant at current values
because of the direct and indirect effects of
deterioration and traffic growth. Hence there is a
need to refine the discounted cost technique as
applied to schemes of public works engineering.

General Contractual Arrangements

Purpose of Contract Documents

Contract documents form the basis on which a
civil engineering contractor will prepare his
tender and carry out and complete the contract
works. It is therefore essential that the documents
shall collectively detail all the requirements of the
‘project in a comprehensive and unambiguous
way. These documents also identify all the rights
and duties of the main parties to the contract — the
employer, engineer and contractor. Collectively
they constitute a binding contract, whereby the
contractor undertakes to construct the works in
accordance with the details supplied by the
engineer and the employer agrees to pay the
contractor in stages during the execution of the
works in the manner prescribed in the contract.?

Form of Contract Documents

The documents normally used in connection with
a measurement contract are listed in Civil En-
gineering Procedure,®, and consist of the following
items, which are all mutually operative:

(1)  The Conditions of Contract which in the
United Kingdom and the Commonwealth

r Community budget 1

y
Road budget
Road V Road
maintenance user
cost cost
COST-
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cost

Figure 1.1 Proposed financial system for roads
(Source: C. Garrett?)

)

are normally the ICE Conditions?8, which
define the terms under which the work is to
be undertaken, the relationship between
the employer and the contractor, the powers
of the engineer and the terms of payment,
and are designed to protect the interests of
all parties. The Conditions of Contract (Inter-
national) for Works of Civil Engineering Con-
struction,?® known as the FIDIC contract are
recommended for works of civil engineer-
ing construction which are the subject of
international tender, and these are used in
many countries throughout the world. They
have evolved from the ICE Conditions of
Contract and there is provision for the
insertion of the ruling language in which
the contract is to be construed and inter-
preted.

Drawings are prepared by the engineer to
depict clearly the nature and scope of the
contract works, and should be as com-
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@

5)
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prehensive as possible to assist the con-
tractor in compiling his tender, including
particulars relating to soils and ground-
water. During the progress of the works,
the engineer or his representative often
finds it necessary to issue further drawings
in amplification of those issued at the tender
stage. In a design and build contract the
detailed drawings will be prepared by the
contractor.

The specification is another important docu-
ment in a civil engineering contract. It
describes in detail the work to be executed,
the character and quality of the materials
and workmanship, and any special res-
ponsibilities of the contractor that are not
covered by the Conditions of Contract.
Useful guidance on the preparation of civil
engineering specifications can be found in
Civil Engineering Specification.3

Bills of Quantities are generally prepared in
accordance with The Civil Engineering Stan-
dard Method of Measurement,3! which defines
a bill of quantities as a list of items giving
brief identifying descriptions and estimated
quantities of the work comprised in a con-
tract. An explanation of its contents and
applications are given in Civil Engineering
Quantities.3? The bill of quantities enables
all contractors to tender on the basis of the
same information.

Instructions to tenderers aim to assist ten-
derers in the preparation of their tenders,
and to ensure that they are presented in the
form required by the employer and engineer
and typical clauses are given in Civil
Engineering Contract Administration and
Control ¥

The form of tender is the tenderer’s written
offer to carry out the work in accordance
with the other contract documents. It in-
corporates the total tender sum, the time for
completion and other matters pertaining to
the offer. Normally the tenderer submits a
tender complying fully with the specifica-
tion, but in certain instances he is permitted
to offer alternative forms of construction.
The employer’s written acceptance of the
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offer is binding, pending the completion of
the agreement.

The form of agreement is also incorporated
in the ICE Conditions and constitutes a
legal undertaking between the employer
and the contractor for the construction of
the works, both permanent and temporary,
in accordance with the contract documents,
and for the maintenance of the permanent
works. The employer covenants to pay the
contractor at the times and in the manner
prescribed by the contract. Temporary
works are often very extensive and costly.
The performance bond is a document
whereby a bank, insurance company or
other acceptable guarantor undertakes to
pay a specified sum if the contractor fails to
discharge his obligations satisfactorily. The
amount of the bond is usually 10% of the
tender sum and the contractor is almost
certain to include the cost of providing the
bond in his tender. Hence, where the con-
tractor on investigation is found to be in all
respects satisfactory, the bond requirement
can be omitted and the employer saved the
additional costs.

@)

t)

Operation of the Contract

The engineer is normally represented on the site
by his representative, often described as the
resident engineer, whose main functions are to
watch and supervise the construction, com-
pletion and maintenance of the works. While the
contractor is made responsible for all aspects of
the construction, completion and maintenance of
the works as specified in or can be reasonably
inferred from the contract. He is fully responsible
for the adequacy, stability and safety of all site
operations and methods of construction, but
excluding the design and specification of the
permanent works, and is deemed to have
inspected and examined the site prior to
tendering.

The contractor has to supply the engineer with
a programme of work, set out the works, provide
all necessary superintendence and relevant in-
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surance, give the necessary notices and pay the
requisite fees, meet all statutory requirements,
avoid damage to highways, provide facilities for
other contractors, provide samples and carry out
tests, remove improper work and materials and
clear the site on completion.

The engineer has the power to vary the works
and is required to consult with the contractor
prior to determining the value of variations.
Where the engineer considers it necessary or
desirable the work can be executed on a daywork
basis. The procedure for dealing with contractor’s
claims is detailed in the contract, as are also the
arrangements with sub-contractors and the issue
of certificates and payments to the contractor,
normally monthly, less the prescribed retention.
The contractor is required to submit a statement
of final account with all supporting documents
not later than 3 months after the date of the
maintenance certificate, issued at the expiration
of the period of maintenance. There is an optional
contract price fluctuations clause which is nor-
mally included in contracts of over two years’
duration.

Readers requiring further information on
tendering and contract arrangements are referred
to Civil Engineering Procedure® and Civil Engineer-
ing Contract Administration and Control.?’ The latter
two books also cover the altenative methods of
civil engineering procurement or types of con-
tract, such as lump sum contracts, schedule con-
tracts, cost reimbursement contracts, all-in con-
tracts, negotiated contracts, serial contracts and
management contracts.

Communication
Factors Affecting Communication

Poor communication has often been a problem in
the construction industry and this stems in part
from the way in which the industry is organised.
Site personnel come from different backgrounds
and have varying contributions to make at a
variety of levels. A large amount of information
passes between them and this creates the need for
a well organised and effective communication

network. Even with a well established network,
problems of communication can still arise because
the information conveyed may be difficult to
understand, inaccurate or misleading.3?

Public works engineers have first to consider
the type of audience to be addressed. When
communicating with engineers and other profes-
sionals it is customary to use technical language,
but reports to local authorities covering such
matters as a major transportation proposal must
be couched in terms that can be understood by
lay persons. Experience in dealing with the media
and the public have taught engineers and public
relations officers that short and simple messages
are always the most effective in publicity dis-
seminated in consultation exercises.34

Choice of Written Style

As described by Scott,® a tradition has developed
in civil engineering of using verbs in the passive
tense, which if used excessively can lead to a
mediocre style. For example, ‘Observations have
been received from the employer’ is better ex-
pressed in the active tense as ‘The employer has
made observations’. In the past engineers almost
invariably wrote in the third person, such as ‘It is
recommended that...”, while the modern trend is
to adopt a more direct use of the first person
pronoun, such as “‘We recommend...".
The four main variations in writing style are:

(1) length of sentences, paragraphs and sec-
tions, desirably kept to a reasonable length;

(2)  choice of words, preferably kept simple and
avoidance of technical jargon as far as pos-
sible;

(3)  use of verbs, with the active tense generally
preferred; and

(4)  use of pronouns - first or third person.3

Appointment of the Engineer and the
Employer’s Brief
The engineer will need to clarify the terms of his

appointment in writing to avoid any future prob-
lems. Most civil engineers use a standard appoint-



ment form which simplifies the procedure and
reduces the risk of omissions.?’

Large public and private employers normally
prepare a written brief before they engage the
engineer for a project. The brief should be care-
fully prepared and be as precise and com-
prehensive as possible, as it is a very important
document. It forces the employer thoroughly to
think through his ideas about the project and this
prevents the engineer from wasting time con-
sidering matters on which the employer has
already made up his mind.

Some engineers invite the employer’s repre-
sentatives to attend meetings of the design team
to promote greater understanding and speed up
the decision-making process. However, other
engineers argue that it can inhibit designers in
the performance of their work, lead to premature
decisions and can be wasteful of time.

Preparation of Reports to the
Employer

Many reports require a firm recommendation
and this is always to be preferred to a list
of options which leaves the reader to make
the choice. Conclusions and recommendations
should be kept separate and presented in that
order. As a recommendation constitutes the per-
sonal advice of the engineer, he should write in a
positive and discerning way and endeavour to
convince the reader of the need to accept his
advice.

The report should be written in clear and
correct English as behoves a professional person.
The impact of the report can often be enhanced
by relevant illustrations, which may consist of
photographs, diagrams and/or artists’ impres-
sions, covering aspects which are difficult to
describe in words. The illustrations should be
restricted to major items in the report to avoid
their excessive use.

The use of appendixes to a report is a valuable
method of providing technical data without
fragmenting the body of the report. A long
report, or one which is based on research under-
taken by others, often requires a list of references.
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These should be selected carefully, giving full
details and annotated in the text often by superior
numbers.

Site Documents and Records

The keeping of continuous and comprehensive
site records provides an effective means of
controlling and monitoring all activities on the
site. They have a vital role to play in the assess-
ment and settlement of disputes and can take a
wide variety of different forms, of which the
following are some of the most important.

(1) Correspondence includes letters, telexes,
fax documents and drawings which should
be recorded as soon as they are received or
despatched, and all incoming documents
should be date stamped. Verbal instruc-
tions to the contractor should always be
confirmed in writing and also telephone
conversations where they convey instruc-
tions or important information.

(2) Reports often summarise information and
are the principal method of conveying
information on site matters to head office,
the employer and other parties. Daily
reports by inspectors, supervising the con-
structional work on site, form an important
part of site communications.

(3) Labour and plant returns constitute another
commonly employed form of written record
which forms the basis for monthly returns
to the engineer.

(4) Drawings provide an effective and con-
venient way of recording the progress of
construction work on site.

(5) Photographs of the main features of the
project taken from the same positions at
regular intervals, often monthly, provide a
good record of progress throughout the
project.

(6) Laboratory reports and other test results
are normally entered on standard forms
and filed on a subject basis.

(7) Diaries are indispensable as they provide a
complete narrative of the progress of the
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works and the activities of the engineer’s
site staff. The diary entries collectively
supply comprehensive information on all
aspects of the work and also permit cross-
checking to clarify disputed statements.

(8) Variation orders may be required to deal
with' variable site conditions, non-avail-
ability of materials or for other causes.

Purpose and Conduct of Meetings

During the course of a contract, a variety of
meetings will take place in site offices, on specific
parts of the works and in suppliers’ premises.
Some may be arranged at short notice to resolve a
problem on the site, while others will be formally
arranged at regular intervals and are generally
concerned with co-ordination and progress. The
main objective of all meetings is to come to a
decision, although supplementary aspects such
as the exchange of information, generation of
ideas and discussion of problems may also be
important. Meetings can, however, fail to achieve
these objectives through over-formality, ineffec-
tive chairmanship, failure to concentrate on key
issues or an antagonistic attitude by one of the
parties.?”

The most important meetings on a public works
engineering project are the regular project
meetings, sometimes termed site meetings or
progress meetings. They are normally held at
monthly intervals and provide the opportunity
for a regular, comprehensive reappraisal of the
project.

The usual method of conducting such meetings
and the form of the agendas and minutes are well
described and illustrated in Civil Engineering
Contract Administration and Control 7

Liabilities
Professional Engineer at Risk
Engineers, like other professionals, have become

increasingly at risk through actions in law being
brought against them for negligence. In the past

insurance has generally provided adequate pro-
tection but is now becoming very expensive and
sometimes difficult to obtain.3 Insurance pay-
ments by civil engineers in 1990 were stated to be
in the order of 6-10% of fee income.

The increased risk to the professional engineer
arises because of the following causes:

1. The courts have extended the scope for actions
in negligence in recent years through a
number of leading cases, and there is a greater
expectation by the public for compensation
where a defect or action has occurred.

2. The courts have allowed greater scope for
actions to be pursued in tort, as opposed to
contract, which has benefited plaintiffs by
extending the period of liability, facilitating
actions against third parties and, in some
cases, widening the scope for damages.

3. The law relating to negligence has become
extremely complex and, with its development
through the courts, uncertain in outcome.

Where an error or defect comes to light at the
end of the maintenance period resulting in the
claiming of damages, the professional engineers
or architects in the case of building work are likely
to find themselves involved in any dispute that
may arise for the following reasons:

1. Their design and inspection function is likely
to embrace all aspects of the project and to
have entailed a duty of care.

2. As they normally carry insurance, they can be
expected to meet claims whereas the con-
tractor’s position is far less certain.

3. In order to release insurance funds, it is
necessary to prove liability against the
engineer for an act or omission covered by his
policy.36

When a claim arises, the action will be brought
against the engineer, who will have to bear any
stigma associated with the allegations that are
made. The insurer conducts the case but will only
be liable personally if the case is proved against
the engineer or some settlement is agreed. Should
the insurance prove insufficient the engineer will
be liable for the balance and the sums involved
may be more than most firms can bear.36



Limitation Law and the Latent
Damage Act 1986

The law provides a number of complex tests for
determining when a plaintiff should be con-
sidered to have knowledge of a defect and there
is uncertainty in establishing the date in con-
struction work when the 15-year long stop period
is to begin and the true meaning of the term
‘deliberate concealment’ in section 32 of the
related Limitation Act 1980. The last item is of
considerable importance because such opera-
tions as covering up foundations could have the
effect of nullifying the long stop.36

The main disadvantages of professional in-
demnity insurance are that some defects arise
from causes that do not involve negligence; that a
considerable proportion of the total cost of
premiums, often approaching 60%, is spent on
legal and administrative costs, as opposed to
recompense for damage; and the procedures are
time-consuming and uncertain. Moreover, they
provide little feedback, few records and small
incentive for improvement in standards and
quality.%

Abbeystead Accident

The Abbeystead accident in 1984 highlighted the
extreme vulnerability of consultants, even those
of international repute, and how unfortunate and
questionable decisions can result from court
cases.

The case was brought by a consortium repre-
senting 31 of the relatives and victims of the
explosion which occurred after pumps of the
Lancashire water transfer scheme were switched
on for a demonstration, and vented methane into
the underground valve house at Abbeystead.
After the accident, Binnie and Partners, the project
designer, undertook months of intensive investi-
gation and a seismic survey and established that
the gas had been locked in a reef about 1 km
below the tunnel. This unusual source of methane
was not foreseeable and would not have been
discovered by extended site investigations and
additional boreholes carried out prior to the
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design stage as advocated by the plaintiffs.
Furthermore, no one could have foreseen that 44
members of the public would have been invited
to the valve house.

The majority two to one judgement in the
Appeal Court in 1988 found Binnie and Partners
solely to blame for the disaster, although this was
countered by a lengthy dissenting opinion that
absolved the firm of any negligence. This strong
divergence of legal opinion called into question
the function and suitability of the Appeal Court
when dealing with complex engineering issues.

The unfortunate consequences of the lengthy
and costly legal action were:

1. Binnie and Partners found themselves wholly
and solely liable for the explosion in 1984,
facing huge costs and a devastating slur on
their professional reputation. Few civil engin-
eers whatever their view of Binnie’s culp-
ability would consider this a fitting penalty.

2. In such cases there remains an abiding sus-
picion that the courts feel that they must
always find someone guilty so that the victims
can obtain compensation.?’

Readers requiring further information about
engineers’ professional liability are referred to
the ICE publication Professional Liability.38

Quality Assurance

Quality Management Systems in
Civil Engineering

There has been considerable discussion concern-
ing the applications of quality assurance (QA)
within civil engineering, and in 1988 it was
generally believed that the time was right for the
adoption of quality assurance by the civil
engineering industry. There is a growing inter-
national commitment to QA with BS 5750, Quality
Systems, being updated and reissued to in-
corporate new international standards. QA
through a formal quality management system
provides the opportunity to review, improve and
co-ordinate the systems in operation. This im-
proved quality of operation can help to reduce
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costs and can identify areas that require con-
centration of effort to improve quality. The work
involved in correcting deficiencies in quality can
be expensive in both cost and time, particularly
when problems are discovered at a late stage.

Sanderson® considered that a quality manage-
ment system needed to be applied to all aspects
of a company’s organisation that affect quality,
and must be clear in meaning and concise in
definition. The quality management system
within a company is invariably controlled
through formal documentation. This documenta-
tion should set out the requirements of the system
and provide facilities for auditing. The docu-
mentation for a quality management system
would typically comprise a primary, company-
wide manual supported by second tier or depart-
mental control manuals and procedures. Setting
up a quality management system involves most
departments within a company.

The requirements and benefits of a quality
management system should be demonstrated as
widely as possible to all concerned, using promo-
tional material, such as that produced by the
National Quality Campaign, operated by the
Department of Trade and Industry. The British
Standard for quality systems is a broadly based
conceptual document which covers many varying
applications. Sanderson® has wisely recom-
mended checking and registration by a recog-
nised third party to demonstrate that the quality
management system meets a recognised stan-
dard. This helps to standardise assessments and
reduce the need for individual client audits. The
use of consultants and contractors who operate
quality assurance systems and have been
independently assessed and registered, gives
some protection before the event, rather than
after it, when the damage has already occurred.

Benefits of Quality Assurance

Clients with large and complex projects where
safety or reliability are of paramount importance,
such as nuclear power stations and oil terminals,
are now applying QA to all aspects of con-
struction. Workmanship and supervision are un-

fortunately often below standard on many
projects. Any system which reduces the chances
of error or inferior work going unchecked justifies
serious consideration.

QA is a management discipline aimed at
anticipating problems and creating attitudes and
controls which prevent problems arising. QA
ensures not only that work and procedures are
carried out correctly but that they are also clearly
demonstrated to be correct, with invaluable con-
sequences for the client who requires his struc-
tures to perform well over long periods. The
system also has beneficial side effects as, for
example, the client is obliged to decide his precise
requirements before work is started and to
commit the necessary resources to ensure that his
wishes are met.

A number of benefits can accrue from the
appropriate QA system properly applied, such as
fewer failures, less remedial work, more precise
specifications, improved planning, better and
more structured form of communication, more
chance of completing on time, easier settlement
of claims, a full record for each contract, and a
sounder basis on which to select main contractors,
suppliers and sub-contractors.

Johnson# has rightly emphasised that the client
should have a quality system to control his brief
and define his requirements. The designer needs
a quality system to control the design process and
to ensure that the client’s brief is satisfied. While
the contractor needs a quality system which can
satisfy the requirements of the designer and
execute the project in accordance with the speci-
fied details. Finally the operator must proceed in
accordance with a quality system to ensure the
structure or plant is used correctly.

Quality Assurance and Local
Authorities

Quality assurance has been identified as an essen-
tial tool for local authority works directors in
their changing role as client to ensure a reasonable
level of service from contractors. Works directors
will increasingly request private contractors and
direct labour organisations competing for con-



tracts for municipal services to obtain QA
certificates.

For example, Westminster City Council has
written a quality assurance clause into its street
cleaning and refuse collection contract docu-
mentation, with the emphasis on performance
specification rather than detail specification.

Safety Aspects
Safety in Civil Engineering

Civil engineering is an industry which, in terms
of safety, does not possess the controlled environ-
ment of the factory or a manufacturing work-
place, and hence is beset by numerous hazards
and requires the exercise of greater care and
precautionary measures. Furthermore, changes
in the construction industry in recent years, with
a steady growth in management contracting and
the use of labour only sub-contractors and self-
employed workers, have led to an increasingly
casual approach by the workforce, a reduction in
the number of experienced skilled operatives,
and increasing difficulty in limiting the number
of accidents.

Civil engineering works and working methods
can always be made safer with the expenditure of
more money, but there is always great pressure
to reduce construction costs. However, a study of
the economics of improved safety measures
might well show overall cost savings. Derring-
ton*! has postulated that if the professional team
could authorise additional safety measures,
where needed, from a provisional sum in the bill
of quantities, a marked improvement in the
accident statistics would result.

It is emphasised in Civil Engineering Procedure’
that the safety of all personnel working on
building and civil engineering sites is a major
responsibility of those involved, whether they be
management or operatives, and the Health and
Safety Executive considers all parties to the
contract to be implicated in safety aspects. The
construction industry is one of the most dan-
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gerous in the UK, accounting for nearly 20% of all
serious accidents and 40% of all fatalities at work,
at enormous cost to the industry and the country.
Most of these accidents could be prevented with
careful planning and forethought at the start of a
project to identify the hazards and minimise their
dangers, and all concerned owe a special duty of
care to site operatives.

Major Causes of Accidents

The largest cause of accidents is the fall of a man
or a material from a height. About 80% of all fatal
accidents and 40% of all other accidents are in
this category. These can be further subdivided
into the following main groups:

1. falls from inadequate scaffolding and working
platforms

2. falls through and from roofs

3. falls from structural frameworks during

erection

4. falls resulting from the collapse of structural

frameworks during erection, demolition and

refurbishment operations, as well as by the

failure of temporary works

falls of materials from heights

burial by the fall of material from the sides of

excavations

7. collapse and overturning of lifting equipment
and machines such as cranes.

o

The risk to safety through structural failures
can result from alkali-silica reaction in concrete;
corrosion of reinforcement and pre-stressing
tendons on concrete bridges; structural damage
caused by gas explosions; damage to bridges by
impact of vehicles; structural failures resulting
from inadequate design or construction; and
changes in engineering design practice.

Statutory Requirements

The construction industry falls within the ambit
of the Factories Act 1961 and the Construction
Regulations 1961 and 1966. Subsequent legislation
in the form of the Health and Safety at Work, etc. Act
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1974 provided the legislative framework within
which to promote, stimulate and encourage high
standards of health and safety at work. It aims to
persuade all those involved in the construction
industry, including employees, to promote an
awareness of safety during the construction
process, and to do all that is necessary to avoid
accidents and occupational ill-health.?”

The main objectives of the 1974 Act, the res-
ponsibilities of employers and the specific duties
of employees are detailed in Civil Engineering
Contract Administration and Control 7

Practical Applications

Earthworks
Most public works engineering projects en-

compass extensive earthworks and the following
precautions should be taken to eliminate or
reduce the accidents which can occur:

(1)  The failure of temporary slopes isa common
cause of accidents and all batters should be
cut to a safe angle or shoring provided.

(2)  Neither heavy plant nor excavated material
should be sited near the edge of batters.

(3) When excavating from the base of a working
face, care should be taken to ensure that the
faceis not overhanging nor excessively high.

(4) Open overnight excavations that could be a
hazard to the public and site personnel,
should be protected with barriers and
hazard warning lights.

(5) Explosives should be handled only by
experienced personnel, satisfactorily stored
and adequate precautions taken when
blasting.42

Site Handling and Demolition Work
Care must be taken to ensure that plant operators
and banksmen are properly trained, competent
supervision provided, and that all involved in
handling operations are adequately briefed as to
requirements.*3

The proportion of fatal accidents in demolition
work is many times higher than in construction
work generally. Unless urgent corrective steps
are taken these numbers are likely to increase

with the more difficult problems imposed by
removing complex structures such as off shore oil
platforms and decommissioning nuclear power
stations.

Tunnelling

Safety in tunnelling is the subject of BS 61644
There are special hazards arising from the nature
of the work, the confined space and problems of
access. Contingency planning should be under-
taken prior to construction to prevent unexpected
hazards becoming catastrophes. Natural hazards
arising from ground conditions include collapse,
inundation and gas.

The most vital safety measure is to be aware of
these dangers at all times and to take appropriate
corrective action before serious problems occur.
A first line of defence is to restrict the excavated
area and to ensure the availability of materials for
immediate support.®>

Sewers and Other Underground Struc-
tures

Men working in foul and surface water sewers,
manholes and other underground confined
spaces need to be highly trained, provided with
appropriate protective and safety clothing and
equipment, and to follow closely standardised
procedures because of the risks involved from
flammable, asphyxiating and poisonous gases,
and possible flooding. The dangers of gases in
confined spaces were highlighted in the serious
accidents at Carsington reservoir in 1983 and
Abbeystead outfall station in 1984. These dis-
asters have shown the pressing need for a
reassessment of design criteria and operating
procedures for all existing and future under-
ground works, and a greater appreciation by all
engineers of the dangers of gases in confined
spaces.

The standard precautions relating to sewer
inspection work are extensive and range from
erecting barriers and warning signs around three
manholes, opening them up and checking for



unusual conditions. The nearest telephone should
be checked to ensure that it is operational and a
strict procedure followed on entry to the sewer
by a team with lookouts posted at both top and
bottom of the access manhole. In the event of
possible rain the men are recalled and in situa-
tions when the normal five minute call is not
received from the working team, the rescue
service is called.#6

Environmental Aspects
Introduction to Environmental Issues

Duffell¥’ argues logically that civil engineers
need to embrace whole heartedly a conservation
ethic to ensure humane physical surroundings in
which people can develop and lead contented
lives, and where technology and environment are
in balance. There is ample evidence of extensive
public concern embracing environmental pollu-
tion matters. However, while scientific analysis
may confirm the public’s view on pollution, the
method of determining what constitutes a satis-
factory or adequate level of necessary activities is
more difficult.

Social and Political Trends at
National Level

There is now a greater environmental awareness,
understanding and concern that in the two
previous decades, largely through the medium of
television, coupled with a much more rational
debate on environmental excesses and accept-
abilities.?

The physical and biological environment now
assumes greater importance in the social fabric of
towns and in 1985 central government supported
a conference on the greening of cities. The faith in
the city report*8 highlighted the plight of those in
inner cities, and the alienation and hopelessness
that many feel in neither being involved in their
own destiny nor feeling that anyone else cares.
Riots in Handsworth and Tottenham had their
roots partly in the physical quality of people’s
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surroundings as portrayed by Birch,%° and the
concern of Prince Charles concerning the inner
city has been well publicised, culminating in the
publication of A Vision of Britain.>® Many others
are now supporting his stand in the field of
community architecture.

The interest and enthusiasm generated by such
groups as Friends of the Earth and Greenpeace
have gathered momentum and respectability,
coupled with the pioneering work of such
agencies as the Nature Conservation Council,
local conservations trusts and the Council for
Environmental Conservation.>!

The Council of Europe statute, on the man-
datory undertaking of environmental impact
assessments (EIAs) on major projects such as
airports, reservoirs, power stations and motor-
ways, was implemented in 1988. On lesser
projects EIAs will be carried out by agreement or
persuasion.

Furthermore, increased consideration is being
given to the vital global issues of acid rain, toxic
waste, the ozone layer and tropical rain forests,
highlighted by the Environment Week 1989. A
principal aim was to make more people aware of
the importance of the quality of their surround-
ings. The Environment Week was titled Operation
Eyesore to encourage people to remove unsightly
scars on the local scene, comprising such aspects
as making parks on small unwanted plots of
land; paving and providing seats on waste sites;
planting shrubs and bulbs on roundabouts;
painting out graffiti on underpasses; bringing
abandoned ponds back to life; repairing or re-
placing broken steps or railings; painting bus
shelters and removing flyposters.5?

Environmental Conservation in
Practice

Duffell¥” introduced several typical case studies
including the following informative examples:

(1) River Engineering

In the field of river engineering the Water Act
1973 required water authorities to deal with the
needs of nature conservation, while the Wildlife
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and Countryside Act 1981 introduced a statutory
requirement to further the conservation and
enhancement of natural beauty. A good example
is the Severn Trent Water Authority that adopted
a new attitude to the functional and aesthetic
aspects of rivers. When river improvements are
contemplated, the design process incorporates
conservationists and landscape architects, and
the approach includes non-trapezoidal sections,
working from one bank only where possible,
constructing berms or revetments where flora
and fauna can become established, and retaining
by-passable meanders. If the marginal cost of this
treatment of about 2% of the capital cost of the
engineering solution cannot be met then it is
questionable whether the scheme was justified in
the first instance. At no diminution of the
engineering function of flood alleviation, a
balanced environment of aesthetic value is
obtained.

(2) Treatment of Polluted and Derelict Land

An excellent example is the extensive environ-
mental improvement of derelict, polluted and
contaminated land arising from industrial derelic-
tion in Stoke on Trent, following the demise of
the coal, pottery and steel-making industries.
About 10% of the area of the city occupied such
land and was characterised by toxic waste
dumping, tar lagoons, colliery waste mounds,
asbestos, sewage slurries and substantial sub-
surface structures.>? Of particular interest was the
area formerly occupied by the Shelton Steelworks
which formed the site of the National Garden
Festival in 1986. Half the site area of 66 ha (150
acres) was reclaimed at a cost of £7.5m (1983
prices) for industrial, commercial and public
open space. Another £9m was spent at the behest
of the Department of the Environment to create
the festival site. When the festival finished in
October 1986, 40 ha was made available to the
local authority for commercial and industrial use,
and the remainder became permanent open space
to improve the quality of the environment.

Costing of the Environment

Economists are seeking ways of costing the
environmental damage caused by new road
projects. In 1989, the Department of Transport
commissioned a research study to examine how
countries such as the United States and Norway
have attempted to evaluate financially the costs
of scarred landscapes and loss of plants and
wildlife.

This was followed in the same year by the
Pearce report commissioned by the Environment
Secretary on sustainable development and which
recommended pollution taxes to pay for environ-
mental damage. It also argued that environ-
mental damage caused by development projects
should be costed and included in cost-benefit
equations. It was believed that a society could not
begin to follow such an objective unless it was
prepared to place a cash value on environmental
issues, so that a rational trade off could be made
between economic gain and environmental
damage.

Environmental aspects will be examined in
more detail in chapter 8.

References

1. Confederation of British Industry. The Fabric of
the Nation (1985)

2. D.G.M. Roberts. Presidential Address 1986. Proc.
Instn Civ. Engrs, Part 1,1987, 82, Feb.

3. D.A. Rondinelli & G.S. Cheema (Eds). Urban
Services in Developing Countries: public and private
roles in urban development. Macmillan (1988)

4. Institution of Civil Engineers. First Report of the
Infrastructure Planning Group. ICE (1984)

5. Institution of Civil Engineers. Second Report of the
Infrastructure Planning Group. Telford (1986)

6. University of Reading, Centre for Strategic
Studies in Construction. Building Britain 2001
(1988)

7. CIRIA. Special publication 66. The French Con-
struction Industry: A Guide for UK Professionals
(1989)

8. PR.Bartle & S. Thorburn. A strategic view of the
European Community in the context of civil



10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.

24.

25.

26.

27.
28.

29.

engineering codes and standards. Mun. Engr,
1988, 5 Dec., 281-90

Institution of Civil Engineers. Civil Engineering
Procedure. Fourth Edition. Telford (1986)

D. Rogers. Design in the private sector. Mun.
Engr, 1988, 5, Dec., 319-22

LJ.Rowdon & N.R. Mansfield. What price profes-
sionalism? Proc. Instn Civ. Engrs, Part 1,1988, 84,
Feb., 85-93; Part 1, 1989, 86, Feb., 217-22

P.H. Elwell. Municipal engineer — a profession at
the crossroads. Mun. Engr, 1986, 3, Feb., 45-53
C.E. Carter. Competition: the process and issues.
Mun. Engr, 1988, 5, Dec., 313-18

D.F. Green. Competition in a large public sector
department. Mun. Engr, 1989, 6, Apr., 109-14
Audit Commission. Building Direct Labour Organ-
isations — A Management Handbook. HMSO (1989)
Audit Commission. Capital Expenditure Controls
in Local Government in England. HMSO (1985)
LH. Seeley. Building Economics. Third Edition.
Macmillan (1983)

D. Lock & N. Farrow (Eds). The Gower Handbook
of Management. Gower (1988)

S. Martin & F. Glover (Eds). Managing People.
Telford (1988)

D.R. Pigg. Marketing and the municipal en-
gineer. Mun. Engr, 1988, 5, Dec., 291-99

B. Katz. How to Market Professional Services.
Gower (1988)

Institution of Civil Engineers. Computer Tech-
nology in Construction. Telford (1985)

D.H. Pilgrim. Trends and tensions in engineering
research. Proc. Instn Civ. Engrs, Part 1, 1989, 86,
Apr., 255-68

M.J. LeGouais. Developing countries: main-
tenance and rehabilitation or new investment.
Proc. Instn Civ. Engrs, Part 1, 1989, June, 581-2

C. Garrett. Whole life costing of roads. Mun.
Engr, 1985, 2, Aug., 223-32

British Standards Institution. Glossary of Main-
tenance and Management Terms in Terotechnology:
BS 3811: 1984

L.H. Seeley. Civil Engineering Contract Adminis-
tration and Control. Macmillan (1986)

ICE, ACE and FCEC. Conditions of Contract,
Forms of Tender, Agreement and Bond for use in
connection with Works of Civil Engineering Con-
struction. Sixth Edition (1991)

Fédération Internationale des Ingénieurs Con-
seils and the Fédération Internationale Euro-
péenne de la Construction. The Conditions of
Contract (International) for Works of Civil Engineer-
ing Construction (1977)

General Background to Public Works Engineering 27

30.
31
32.
33.

34.

35.
36.

37.
38.

39.

40.
41.

42.
43.

44.
45.
46.

47.

48.

49.
50.
51.
52.

53.

LH. Seeley. Civil Engineering Specification. Mac-
millan (1976)

ICE and FCEC. Civil Engineering Standard Method
of Measurement (1991)

LH. Seeley. Civil Engineering Quantities. Mac-
millan (1987)

B. Fryer. The Practice of Construction Management.
Collins (1985)

AR. Thurston. Selling public authority services -
public relations aspects. Mun. Engr, 1988, 5, Apr.,
85-91

B. Scott. Communication for Professional Engineers.
Telford (1984)

D.R. Culverwell. The professional engineer at
risk. Proc. Instn Civ. Engrs, Part 1, 1989, 86, June,
553-66

Abbeystead: a case for ‘no blame’ compensation.
New Civ. Engr, 25 Feb. 1988

Institution of Civil Engineers. Professional Lia-
bility (1989)

J.D. Sanderson. Quality management systems in
civil engineering. Proc. Instn Civ. Engrs, Part 1,
1988, 84, Aug., 847-9.

K. Johnson. QA can lead to better results. New
Civ. Engr, 2 March 1989

J.A. Derrington. Engineering for safety. Proc.
Instn Civ. Engrs, Part 1,1987, 82, Feb., 171-221
P.C. Horner. Earthworks. Telford (1988)

J.R. lingworth. Site Handling Equipment. Telford
(1982)

British Standards Institution. Code of Practice for
Safety in Tunnelling in the Construction Industry:
BS 6164: 1982

T.M. Megaw. Tunnelling. Telford (1982)

A. Wignall. Roadwork: Theory and Practice. Heine-
mann (1988)

N.R. Duffell. A balanced environment ~ civil
engineering in its social and political context.
Mun. Engr, 1987, 4, Feb., 45-8

The Archbishop of Canterbury’s Commission.
Faith in the City — A Call for Action by Church and
Nation. Church House Publishing (1985)

R. Birch. The urban shadows - a police perspect-
ive. Proc. IME Annual Conference, Torquay, 1982
HRH The Prince of Wales. A Vision of Britain.
Doubleday (1989)

J.R. Dulffell. Environment, engineering and
employment. Mun. Engr, 1988, 5, Dec., 301-7
Environmental Week, 22 Apr. — 1 May, 1989. AME
Brief, Apr. 1989

R.W. Hampson. Treatment of polluted and
derelict land in Stoke on Trent. Mun. Engr, 1984,
111, Mar., 95-9



2

Transportation

This chapter embraces the broad spectrum of
transportation facilities which have become so
important in sustaining the economic and social
well-being of a country. It commences with
general transportation characteristics and impli-
cations and then proceeds to examine the major
elements comprising motorways, railways, rapid
transit systems, rivers and canals, the Channel
Tunnel, and airports.

Transportation Characteristics and
Implications

The characteristics and implications of trans-
portation arrangements are very wide ranging
and have been broken down into manageable
sections for ease of identification and assimi-
lation.

General Statistics

The transport statistics for Great Britain for 1974
to 1984! show that by tonne-kilometres, 62% of
freight went by road in 1984, 7% by rail, 25%
(almost wholly petroleum products) by water,
and 6% (again petroleum) by pipeline. With
regard to passenger transport, measured in
passenger kilometres, 92% went by road, 7% by
rail and 1% by air. In 1984, £54b was spent on
transport in the UK, and taxes on expenditure
(almost entirely motoring and road freight
transport) amounted to a further £11.4b, and
public expenditure on transport totalled £5.6b.
Bendixson? has described how investment in
roads and, to a lesser extent, railways reduced
drastically all across western Europe between the
mid-seventies and mid-eighties, as the rise in oil
prices and the ensuing economic recession forced
governments to cut their budgets. When the
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economies began to improve in the mid-eighties
transport problems began to arise because of
congested roads and old-fashioned railways.
Fortunately the InterCity 125s in Britain and,
even more so, the French Trains a Grande Vitesse
(TGV) have brought about the rebirth of railways
in Europe. Indeed, the TGV has shown that 150
mph (240 kph) trains can attract former air
passengers and so reduce airport and air traffic
congestion.

Increasing traffic congestion is resulting mainly
from economic growth with its rising levels of car
ownership and increased suburban and exurban
living. Car trips have grown substantially in
number and length and have exceeded the ability
of highway authorities to cater for them.

Traffic Congestion

It is common knowledge that the failure of
transport investment in south east England to
keep pace wih dramatic increases in road, rail
and air travel, has resulted in poor accessibility in
some areas and serious congestion and over-
crowding in others. This undoubtedly adversely
affects economic performance and the region’s
future development.

One day in March 1989, an accident on the M4
flyover near Brentford coupled with a series of
relatively minor incidents scattered throughout
central London caused chaos in the capital’s road
traffic and came close to bringing the entire city
to a halt. Three harrowing disasters on British
Rail’s Network Southeast and the King’'s Cross
fire, apart from the innumerable train failures
and delays, showed that the surface and under-
ground railway systems were also under severe
strain.

Congestion itself is now acting as a regulator of



traffic and this is wasteful, costly and damaging
to economic growth, the environment, conveni-
ence and, increasingly, public safety.> While the
same ICE report® pointed out that in 1989, 15
sections of the London Underground were critic-
ally congested, and about 25 stations were choked
at peak hours in ticket halls, escalators or plat-
forms. These numbers are bound to rise if no
action is taken. Buses could undoubtedly be
developed to take a much more important role if
reliability, speed and passenger confidence could
be improved.

A CBI report* in 1989 estimated that the
inadequacies in London’s transport infrastructure
were costing industry as much as £15b per annum,
based on returns from a selection of members,
although this figure should probably be treated
with caution. The report contains various sensi-
tive proposals, including park and ride inter-
changes wherever rail or tube lines meet radial
motorways; removal of yellow lines that are not
needed or policed; and tougher and more con-
sistent enforcement in locations where illegal
parking causes congestion.

The ICE report® also contained a number of
remedial proposals of which the most important
were to make maximum use of all forms of
transport and for major investment in public
transportation, possibly backed up by road
pricing controls, to improve the speed of travel in
crowded city centres. Other recommendations
included increased staggering of working time
and holidays, stronger measures for dealing with
illegal parking such as towing vehicles away, and
permanent reinstatement by statutory under-
takers. The Transport Secretary was also con-
sidering measures to reduce the interference with
traffic caused by statutory undertakers’ road-
works.

Transportation Planning

Yu’ aptly describes how an urban transportation
system consists of many parts and performs
many functions. Properly planned, it can make
the environment more attractive, strengthen the
town/city centre, widen the range of employ-
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ment, assist in guiding and stabilising land use
patterns, and improving all forms of traffic
movement. Thus the urban transportation plan
should encompass almost every aspect of urban
life. It should be sufficiently rigid to provide the
necessary direction and control over future
growth, yet flexible enough to adapt to the con-
stantly changing urban environmemt.

As long ago as 1963, Buchanan in Traffic in
Towns® believed that comprehensive redevelop-
ment of extensive areas of many towns and cities
was needed to secure satisfactory traffic arrange-
ments. He quoted ‘unless the public accepts that
there has to be comprehensive redevelopment
over large areas, then the opportunities for
dealing imaginatively with traffic will all be lost,
and in the end this will severely restrict the use
that can be made of motor vehicles in built-up
areas. Even now the opportunities are slipping
past as the old obsolete street patterns are being
‘frozen’ by piecemeal rebuilding, and will remain
frozen for another half century or longer.’

One of the greatest deficiencies in trans-
portation planning is the frequent lack of real-
isation that planning and transportation are
inextricably linked. When a new housing estate,
shopping centre or business park is built, more
traffic is generated. Conversely, build a new
transport link, like the M25, and new develop-
ment will be attracted around it. Hence develop-
ment and transportation must proceed hand in
hand in order to avoid future problems.

Forecasting Traffic Flows

One of the major activities in transportation
planning is to forecast future traffic growth, in
which recent developments in the UK have been
widely inaccurate. Abercrombie’ was commis-
sioned during the last war to report on the future
of London, and he predicted that Greater London
would need five ring roads to cope with the
projected traffic. Nearly 50 years later London
has one substandard half ring road (North and
South Circulars) and one complete ring road
(M25) finished in the late 1980s, which was over-
loaded as soon as it was opened. In 1989 engin-
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eers were considering the need to widen the road
from a dual three lane to a dual six lane motor-
way to provide adequate capacity, indicating that
a more sophisticated approach to forecasting is
required.

The authoritative House of Commons Public
Accounts Committee report in 1989 contains
some very critical but justifiable statements
concerning the action taken by the Department of
Transport, which are of sufficient significance to
deserve repeating.

They read: ‘...we are not convinced that in its
planning and monitoring the department has
taken sufficient account of wider and more
strategic consequences of building major motor-
ways and trunk roads. For example, it did not
draw successfully on the early experience of the
Chertsey to Egham section of the M25 in planning
other sections which were to open some years
later. It seems to have failed to make full use of
the experience of the Midland Links motorways
dating back to the early 1970s.

‘We therefore consider that the department
should give much deeper consideration to the
results of its “before and after” monitoring and
make sure that the information and analyses
provided are fully taken into account in future
planning .. and not allow short term con-
siderations or unduly conservative estimates of
likely traffic flows to result in an under-provision
of capacity.

‘It is difficult to have confidence in present
forecasting methods when traffic flows on some
roads have so quickly and so substantially
exceeded the forecast on which design standards
were based.’

Road Network in Milton Keynes

It would be helpful at this stage to briefly
examine the road network of the latest new town
in the UK, whose design was based on extensive
analyses of different modes of transport, dis-
tances and costs. It was established that a good
bus service might attract 20 to 30% of travellers
using stall 25 to 30 passenger buses with a
typical journey time to work of 25 minutes.

The road network at Milton Keynes is unusual
for new towns, in that the main roads are at
ground level with no multi-level flyover inter-
sections, and the main roads are on a grid layout
at roughly one kilometre intervals. The spacing of
these roads is crucial as it determines the volume
of traffic entering the road network. The pre-
scribed spacing generates the need for dual
carriageway main roads with colour-light-con-
trolled intersections and a peak hour traffic flow
not exceeding 250 vehicles per hour, involving no
real conflict with pedestrian movement. In most
town road networks the most dangerous roads
for pedestrians are the collector roads (inter-
mediate between main and local roads) and these
have been eliminated in Milton Keynes.8

A typical journey by car to work takes about 15
minutes. The road system was relatively cheap
and flexible to build, allows free movement by
car to and from all points in the town by a choice
of direct routes, and the simultaneous use of
good and cheap public transport.

Park and Ride Schemes

As described earlier in the chapter, increased
affluence and the inherent advantages of cars
have caused critical traffic conditions in the
centres of most towns and cities. The principal
aim is generally to maintain the accessibility of
the central area and yet, at the same time, provide
satisfactory environmental conditions, and one
way of helping to achieve this is to introduce
formalised park and ride schemes.

These schemes provide public car parks con-
veniently located around the periphery of the
town or city with a frequent and efficient bus
service connecting the car parks to the town/city
centre. The charges are often based on a flat
return bus fare and need to be competitive. The
service needs full local authority support with
ample publicity and good direction signs to the
car parks. The schemes may serve seasonal
shoppers, non-seasonal shoppers or non-seasonal
shoppers and commuters.

Bixby and Bullen® identified the following



factors as determining the effectiveness of a park
and ride scheme:

(1) Overall travel time, particularly excess time
such as walking and waiting.

(2)  Whether an exclusive bus service is pro-
vided.

(3)  Frequency of bus service.

(4)  Convenience for drivers.

(5)  Capacity of park and ride car park.

(6) Location of park and ride car park.

(7)  Bus priority measures.

(8) Parking policy in centre.

(9) Charging method and overall cost com-
pared with central area parking.

(10) Publicity and marketing.

Fifteen towns and cities are operating or have
operated park and ride schemes. They range
from some of the largest urban areas (Birming-
ham, Leeds, Manchester and Nottingham) to
smaller, historic centres such as Cambridge,
Colchester, Norwich and Oxford. Despite their
undoubted merits, they are currently making
only a minor contribution to easing urban traffic
congestion on a national scale. They have, how-
ever, received support in recent traffic reports.

Road Pricing

Another method of reducing the volume of road
traffic, albeit radical and controversial, is road
pricing. For instance, a system of stickers dis-
played by cars wishing to use certain inner city
roads is operated in Singapore, and its effect was
to cut the number of cars entering the city core by
44% overall and 65% at peak times.

A number of different methods have been
suggested in the UK but objections to the general
principle have been raised on the grounds that
the poor will be penalised and commuters will
simply pass the cost on to their companies rather
than stay out of the controlled area. It is generally
considered that a network of toll booths would be
too expensive to operate and would disrupt
traffic. Automatic vehicle identification systems,
analogous to telephone bills, are expensive and
could infringe a driver’s privacy. But meters,
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which could be read like gas or electric meters,
or work on prepayment, like a phonecard, could
overcome this objection.

Oldridge and Humber!® introduced a novel
system in 1989 known as ‘congestion pricing’,
which could overcome many of the complex
cordoning, tolling and billing drawbacks of con-
ventional road pricing. Equipment to monitor
motor vehicle movement was estimated to cost
about £50 per car, without any burden on the
public purse.

Under this system, motorists would have a
prepaid, rechargeable, programmable smartcard
inserted in the dashboard and units would be
deducted according to time and distance travelled
in heavily congested traffic. No charge would be
made to free flowing traffic or to vehicles which
were stationary for more than a certain length of
time. Microelectronics would sense the move-
ment of the vehicle and prevent engines being
started without units on the card. If a card ran out
in transit, the vehicle would continue but when
next started would need a new card from which
overdue units would be debited. Cards could be
purchased for a few pounds or ‘reloaded’ at
petrol stations using either credit cards or cash.
Each card could have a keypad and each owner
their own identification number. It was claimed
that the system could pay for itself on increased
car security and reduced insurance premiums
alone.

Private Sector Transport Projects

In the future private money is likely to play a
much larger part in providing transport facilities
if the Conservative Government’s wishes in the
late 1980s and early 1990s were to be carried out.
Developers are among the key groups targeted to
pay for road improvements sought as a way of
raising the value of their land. Little headway has
been made so far with private infrastructure

_projects, apart from the Trafalgar House deal for

a new Thames crossing east of London and the
possibility of a privately developed rail link
between Paddington station and Heathrow.

To make more progress, it seems that privately
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financed infrastructure projects require backing
by the Treasury, in order to generate investor
confidence in projects which may not show a
profit for several years. Ideally, the Treasury
should provide a safety net for projects by agree-
ing to underwrite short term equity issues in
advance if necessary.

In 1989, a National Economic Development
Council private finance working party proposed
setting up a task force in 1990 to act as a focus for
debate on private finance issues, and suggested
that pilot projects be developed to test proposed
procedures. The task force would be composed of
any groups with an interest in the infrastructure,
such as government, local authorities, con-
tractors, developers, banks and consultants.!!
The working party recommended setting up a
fund to provide risk sharing between the public
and private sectors for the initial development of
ideas to the stage of outline feasibility.

Exclusivity has emerged as one of the most
serious obstacles to increasing private sector
involvement in infrastructure development. Con-
tractors have complained that they can spend
large sums of money developing ideas which
could be wasted if the concession or contract was
awarded to another bidder. The private sector
needs to be convinced that the return on capital
employed in infrastructure justifies the risks
involved.

Another proposal in 1989 embraced a 50 km
length of private toll dual carriageway aimed at
improving communications between Scotland
and England, linking the M8 and the M74, with
completion planned for the mid-1990s, and which
could eventually lead to a new bridge over the
River Forth, perhaps also financed by the private
sector.

Studies had shown that the proposed road,
which would be used largely by commercial and
industrial traffic, could be an economic proposi-
tion. One national contractor responded that
although many road schemes in the United
Kingdom had been suggested as private sector
projects in the late 1980s, the majority clearly
were not viable, but that the latest proposal
warranted serious attention.

Co-ordination of Transportation

The Transport Act 1985 laid emphasis on com-
petition between operators, but Simpson!? has
rightly pointed out that co-ordination will often
have precedence over free competition for the
following reasons:

1. the need to run a network rather than routes

2. the need for stability to ensure a return on
large capital investments

3. the possible effect of externalities

4. the need to share facilities such as bus stops,
shelters, stations, and booking halls.

A good example of a well designed co-
ordinated transport facility is the Bury bus/road/
rail completed in 1980 at a cost of £2.65m. It is
situated in the town centre with good road access
and consists of the following elements:

1. bus station containing stands for 24 buses

2. island platform for six-car railway trains at
low level, with lift and escalator connections
to the booking hall and bus station

3. car park with taxi rank and provision for
motor cycles and spare buses

4. ancillary offices and operational accom-
modation.13

Unfortunately, transport problems are largely
treated on an ad hoc basis in the UK. Solutions are
generally sought for each bottleneck in turn, with
little regard for the causes or the wider transport
issues involved. All too frequently problems are
created by planning decisions taken with little or
no regard for their transport implications. Sound,
comprehensive long term planning is necessary
to overcome these weaknesses.

The ICE congestion report?® in 1989 identified
three main reasons for the lack of positive govern-
ment action with regard to co-ordination:

1. Reluctance by British governments to carry
out any serious long term planning of invest-
ment of any kind.

2. Conservative governments of the 1980s con-
sidered that public expenditure had to be kept
to a minimum until the economy improved.

3. A conviction that the type of comprehensive



planning which would be involved, for ex-
ample in the creation of a national transport
plan, would result in bureaucratic inaction.

Smith! made some interesting and instructive
comparisons between transport policies in Britain
and other west European countries. Britain has
an overcrowded urban road network, alarmingly
congested London underground and British Rail
commuter trains, money being taken out of the
public transport system and substantial sums
being allocated for new major road schemes. By
contrast other European countries are spending
large sums on new conventional and light rail-
ways, developing tramways, closing car parks
and abandoning inner city road building
schemes.

The key difference in approach is that most
European countries have a clear national policy
for transport which recognises the critical im-
portance that it plays in the quality of life and
economic well-being, and establishes priorities to
meet these objectives. In addition to the national
policy, major European cities have their own
transport authority to handle the city’s needs.

By comparison, Britain has no coherent national
policy for transport and no established authority
with responsibility for the specific transport
problems of its capital city. Britain, alone of the
countries in Western Europe, relies on market
forces to establish transport priorities.

The CBI transport in London report* recom-
mended the establishment of a central task force,
comprising a high-powered, free-standing re-
gional transport authority, because the operation
of the present 33 different transport authorities in
London gives rise to confusion and lack of co-
ordinated decision making. Having abolished the
Greater London Council and the metropolitan
counties, it seems unlikely that a Conservative
Government would favour the establishment of a
new regional authority.

The ICE congestion report® also recognised the
need for a national transport co-ordinating group
representing users of all modes and responsible
to the Secretary of State. It emphasised that the
consequences of further neglect could be ex-
tremely serious. For example, increasing road and

Transportation 33

rail congestion in south east England creates a
real danger that, with the opening of the Channel
Tunnel, the rest of the UK will be largely cut off
from access to European markets.

Motorways
Historical Background

By 1938 members of the former Institution of
Municipal Engineers were contemplating whe-
ther there should be a national system of motor-
ways, doubtless influenced by the alarming toll
of road accidents and the construction of the
German Autobahnen. The subject was chosen for
the Institution’s Richard Pickering prize, and in
the prize-winning paper a national system with
spur motorways penetrating deep into cities was
proposed. Some fears were however expressed
about motorways, concerning the spoiling of the
countryside by railway-like cuttings and embank-
ments and the generation of additional traffic
which could lead to further congestion and
accidents in towns and cities.!>

In the same year, the County Surveyors’ Society
prepared a plan for 1000 miles (1600 km) of
motorway. However, it was not until 1959 that
the first motorway, the Preston Bypass, opened to
traffic.

European Comparisons

It is interesting to compare the road network of
Britain with that of some of its European neigh-
bours. For example, in 1986 Britain had 3081 km
of motorways while West Germany had 8350 km
of Autobahnen, although the two countries are of
similar size, population and industrial culture.!®
These statistics do however deserve further
analysis, as car ownership is lower in Britain than
in Germany and in parts of Britain, such as the
West Midlands and South Lancashire, there are
few motorways but many dual carriageways,
trunk and principal roads, which seem to have no
parallel in Germany. Also Britain has many inter-
urban dual carriageways that in Germany would
be classified as Autobahnen.?
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Bendixson’s research in 19892 showed that in
the Low Countries and, to a lesser extent,
Germany and Italy, governments were taking the
view that the years of construction were past and
that it remained to add links, widen existing
roads where capacity was needed, and build
bridges or tunnels where rivers or other barriers
caused bottlenecks. They were also concerned
about the rising cost of road maintenance, an
issue which becomes ever more pressing with the
progressive increase in lorry weights. (A 38-tonne
lorry does pavement damage equivalent to
250 000 cars.) Britain and France announced major
motorway programmes in 1988, but in 1989
Britain road widening became the preferred
method of reducing traffic congestion and this
will be described later in this section of the book.
An extensive but largely overloaded and fast
deteriorating network of motorways exists in
Britain, with the oldest about 30 years old and
requiring increasing and costly maintenance and
replacement resulting in substantial delays and
danger to road users.

M25 London Orbital Motorway

The first London orbital motorway, the M25,
located about 30 km from the centre of the city,
was full to capdcity on completion in 1986.
Consultant Rendel, Palmer and Tritton reported
to the Department of Transport in 1989 on the
measures needed to alleviate congestion on the
M25.

Widening is made more difficult because of the
need to reconstruct bridges, cuttings and embank-
ments. The report proposed short term congestion
relief by narrowing existing lanes by repainting
white lines to provide four lanes on crowded
sections until the permanent widening to dual
four lane is carried out. Narrower lanes can be
introduced with partial loss of hard shoulder
while a lower speed limit of 80 km/h could be
introduced to maintain driver safety.

Improved driver information, displayed on
closely spaced overhead signs which are served
by electronic traffic detectors buried in the
carriageway was also recommended, together

with more lighting and improved junction
layouts. However, the report did not mention the
consultant’s once strongly favoured scheme of
closing junctions or restricting access to the
motorway, although further studies of possible
closures of busy access points were recom-
mended.

Probably Rendel, Palmer and Tritton’s main
achievement was to persuade the Department of
Transport (DTp) to widen the M25 along its
whole length, as announced in the 1989 Roads
White Paper.1” The consultant proposed full dual
four lane widening and a feasibility study into
further expansion to dual five or six lane carriage-
way.

In late 1990 traffic flows on the overloaded 8
lane section near Heathrow reached the highest
count ever on a British motorway, at 166 000
vehicles/day. The M25 carried 14% of all motor-
way traffic on only 6% of the network and traffic
is expected to double by the year 2010. Hence the
Transport Secretary announced the widening of
nearly all of the M25 to four lanes in each direc-
tion between 1992 and 1996, and to widen it to
five lanes in some areas by the year 2000. Over
190 structures required examining to see if they
could be adapted, but some will probably have to
be demolished and rebuilt.

Figure 2.1 shows the junction of the M25 and
the M4, and some technical details of the con-
struction of the south-west quadrant of the
motorway between Westerham and Heathrow
follows by courtesy of W.S. Atkins who planned,
designed and supervised the construction of this
section, to illustrate the various techniques in-
volved in modern motorway construction.

This section of the motorway was built under
eleven main contracts, with a total of 51 km of
dual three-lane carriageway, 8 km of dual four-
lane carriageway, and 9 interchanges. Much of
the route passed through pleasant rolling
countryside and so the environmental impact
was reduced to a minimum by the use of cuttings
and screening banks in sensitive areas and
acoustic fences adjoining housing.

For most of the main contracts, alternative
pavement designs were prepared so that con-
tractors tendered for either concrete or bitumastic



construction with the selection depending on the
underlying soil conditions. There are three free-
flow interchanges where other motorways
crossed, being four level at M23 and M4 (see
Figure 2.1), and braided at M3. The remaining six
interchanges are of the conventional two or three
level roundabout type.

The 120 bridges embrace most of the more
usual forms of construction including steel box
girder, steel plate girder, prestressed in situ and
prestressed precast concrete, and reinforced con-
crete. Standardised designs were used as much as
possible to minimise cost. The type of piling was
dictated by the soil conditions. Lighting, mostly
of the catenary type, was installed over the more

Figure 2.1 Motorway junction (M25 and M4) (Source:
W.S. Atkins Consultants Ltd)
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heavily trafficked parts of the route. Overhead
sign and signal gantries feature at the major
interchanges as shown in Figure 2.1.

UK Road Programme 1990-2000
General Proposals

In 1989 the Transport Secretary published a White
Paper Roads for Prosperity which set out a major
expansion of Britain’s trunk roads over a 10 year
period.’” The White Paper costed the additional
work at over £6b and the total trunk roads pro-
gramme at £12b with a further £1b for Scotland
and Wales. To put this in perspective, a few
months earlier the County Surveyors Society had
proposed investment of £8829m on trunk roads
and £10285m on major local authority roads.
Furthermore, even if the programme is fully
implemented, it is unlikely that Britain will reach
the same standards as Germany, Italy or France.
Some 790 km of existing motorways are to be
widened, concentrating on the M25, M1 and Mé.
Many existing trunk roads are to be upgraded to
dual carriageways each of two or three lanes. In
all a total of 2700 miles (4345 km) of new or
extended roads were in the Department of
Transport’s programme for England alone. In
addition, consultants were commissioned to
undertake a series of corridor studies for about
£2000m of new roads whose construction costs
were left out of the the White Paper, which could
include a new trans-Pennine motorway. Assess-
ment was also to be made of the orbital capacity
around London which could lead to the con-
struction of a 300 km long outer orbital motorway
as described in the next section of this chapter.
The 1989 White Paper was dominated by
motorway widening or improvement to existing
A roads, which made up 90% of the programmed
work. Upgrading was seen as less harmful to the
environment than building new roads in virgin
countryside, and widening is a quicker method
of increasing capacity on account of the simpler
planning procedures. Lengthy planning pro-
cedures for new routes are caused by the need to
compulsorily purchase land, hold public con-
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sultations and introduce parliamentary legis-
lation, which means that a new orbital could take
10 to 15 years to implement.

Despite speedier planning, widening will be
complicated by the need to adapt bridges and
earthworks while design will often be restrained
by the difficulty of acquiring additional land
where developments are immediately alongside.
The three principal methods of full quality widen-
ing are described and compared in chapter 3.

London Outer Orbital Motorway

Rendel, Palmer and Tritton advocated the pro-
vision of high standard trunked outer orbital
route of at least dual two lane standard. Airports
at Luton, Stansted and Gatwick should all be
served by the new road. Proposals to build half of
the proposed ring road or to implement corridor
studies were included in the 1989 Roads White
Paper,!7 but not as a proposal for a new outer
orbital. The White Paper included the con-
sultant’s proposals for a study of a new lower
Thames crossing at East Tilbury.

A new orbital must have sufficient lanes to
cope with traffic for 30 years or more either by
initial construction of excess capacity or by
designing earthworks and structures with pro-
vision for later widening. Re-using existing trans-
port corridors is likely to be an important feature
of the new orbital and incorporating bypasses to
congested towns could be advantageous, but
even so substantial lengths of tunnel could be
needed.!®

It is important that any new orbital should only
be built with the likely environmental impact in
mind. Careful choice of alignment will allow
picturesque towns to be bypassed and allow the
pressure for development to be directed into
targeted areas where jobs are needed.!8

Bus Services
Origins

The origins of urban passenger transport systems
date back to the 1870s with the tramways, which

have now been reintroduced in a modernised
form in many towns and cities throughout the
world. The first trams were hauled by horses,
then driven by steam engines and subsequently
by electricity. The original tramways gave towns
and cities a characteristic appearance which is
often associated with the Victorian period.

Two electric systems operated, one with over-
head lines and the other with a conduit between
the track. It was generally considered that the
overhead system was the best, although the
network of wires strung between columns was
acknowledged to be unsightly. The conduit
system was susceptible to dirt and dust entering
the slot, but improved design subsequently over-
came this.

Bus Deregulation

The latest development in respect of bus services
has been the deregulation of local bus operations
outside London under the Transport Act 1985,
which permitted private operators to compete
with municipal bus services often on the same
routes. The Transport and Road Research Labora-
tory monitored the impact and provided some
useful data of which the most important findings
are now reproduced.

Service levels, as measured by vehicle kilo-
metres registered, increased steadily after de-
regulation in October 1986, and the increase was
reflected in both subsidised services and those
operated commercially. There were initial re-
ductions in services in most metropolitan areas
but these had generally been more than recovered
by 1988. Fares generally moved in line with
inflation, although there were some heavy fare
increases in metropolitan areas, mainly resulting
from reduced expenditure limits rather than
deregulation. The number of operators increased
after 1986, with small operators being particularly
successful in winning subsidy contracts. Opera-
ting subsidies have however decreased signifi-
cantly but opportunities have been taken to
extend concessionary fares schemes. Innovation
has been mainly in the form of minibus services.
There has been no evidence of any significant
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change in standards of bus safety or main-
tenance.!” However, it must be appreciated that
the review period is comparatively short and is
not conducive to making constructive long term
assessments.

Bus Stations

The major works in connection with bus services
with direct impact on the public works engineer
are the design, construction and maintenance of
bus stations, which have undergone radical
changes in layout since 1970. Two municipal bus
stations built in the 1980s have been selected for
study as they are both attractively designed but
based on entirely different concepts.
Middlesbrough bus station, opened in 1982,
provided interchange facilities for all licensed

transport operators within the Cleveland conur-
bation. The Middlesbrough Borough Engineer
and Surveyor was appointed project co-ordinator
for the development, management and main-
tenance of the project. The bus station’s horseshoe
design enables passengers to be completely
segregated from the buses within the extensively
glazed, climate-controlled waiting areas. There
are 26 bus stands at two levels around the edges
of the waiting area. The bus station is built astride
a main pedestrian route and a number of small
shops, toilets and information centre have been
provided on the pedestrian mall.

The ground floor level, as illustrated in Figure
2.2, caters mainly for short journeys within the
Cleveland conurbation. The outside edge of the
horseshoe incorporates a ramp rising to the first
floor from where express services depart to
destinations throughout Britain, and which is
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shown on Figure 2.3.

The principal design objectives were to provide
the highest level of passenger comfort and
convenience; complete passenger-vehicular seg-
regation with no reversing buses or passengers
crossing bus lanes, ensuring public safety; one-
way bus lanes with ‘run through’ bus stops; low
maintenance building materials and finishes; and
closely integrated passenger-related facilities.?

The following statistics relating to the Middles-
brough bus station could be of interest to the
reader.

Cost  £5.3m (construction period 1978-82)

Departures 1600 per day approximately
(1984)

Passengers 39000 per day approximately
(1984)

Shop units 9, total area 941 m?

First floor offices area 560 m?

Enclosed passenger areas (ground floor)
1873 m?

The Leicester municipal St Margaret’s bus
station was rebuilt in 1985 at a cost of £1.45m
using the concept of a single enclosed passenger
concourse with local services parking in echelon
pattern within the bus station and express
services parallel parking in adjoining Gravel
Street. Total segregation of passengers and buses
was encouraged by using the layout shown in
Figure 2.4. Facilities include a waiting room,
cafeteria, toilets, a baby feeding room, left luggage
facility and a newsagent’s kiosk. The design and
construction was co-ordinated by the Leicester
City Engineer.2!

The pavement design at Leicester bus station
assumed 850 bus movements per day with zero
growth, based on an analysis of existing and
projected usage. For the heavily trafficked areas
the total construction thickness was 1 m, including
150 mm of lean mix road base and 80 mm of
concrete blockwork. The concrete block paving
used for the trafficked areas complemented the
effect of the large flagged areas within the
concourse. Charcoal grey was chosen as the pre-
dominant block colour in an attempt to minimise
the visual effect of inevitable oil stains. Bus bay
markings are in a natural coloured block.

The existing pedestrian footbridge over the
adjoining Burleys Way, which forms part of the
city central ring road, was extended to a raised
planting/seating area to the east of the concourse.
Landscaping has been included to create an
interesting environment and a soft edge to the
bus station, as shown in Figure 2.4.

The passenger concourse, although enclosed
by a glass curtain wall to protect passengers from
inclement weather, is not temperature-controlled.
A steel frame of lattice beams on 200 x 200 RHS
columns supports the roof. The beams have a
span of 17 m with a 5 m overhang to each side.
Column spacing is based on a 4.95 m grid along
the length of the building; this spacing being
determined by the bus bay module.

Considerable thought went into the design
process to make the bus station as vandal-
resistant as possible. To assist bus station staff,
closed-circuit television was installed.

To supplement the traditional methods of time-
tabling information, television monitors were
provided, similar to those used at airports. To aid
the bus station manager, a monitor shows from
the timetabling information fed into the computer
whether any bay is occupied or due to be
occupied. This helps in the allocation of ex-
cursions and intermittent arrivals at the bus
station.

Railways
General Introduction

British railways in the pre-war years were
operated by private companies who operated a
reasonably efficient service but encountered dif-
ficulties in making significant profits. After the
war the railways were nationalised to provide a
rationalised national network but were sub-
sequently subject to the Beeching review which
resulted in many of the uneconomic rural lines
being closed. In the late 1980s a number of these
lines were reopened often with financial assis-
tance from local authorities.

High capital cost and acute environmental
considerations prevented significant lengths of



Transportation 39

Newport Road Poammanﬁ_______,_...-;‘—"

access %
q‘fjp’“

North plattorm

Long distance/ "
W express passenger

Park Streel
lounge
Void over \
o

%m concourse

transit

T unitea
canteen

Brentnall Street

Hiee

o i
Middlesbrough

planting
Canopy - area

( ‘hxlrmk =" 4 ‘\ \ ::

ciail

Sandacre Streel

Figure 2.4  Layout of bus station, Leicester (Source: D. E. Edwards & L. London)



40 Public Works Engineering

new track being laid. However successive accel-
eration of the East Coast main line resulted in the
dramatic increase in the speed limit at Peter-
borough from 24 to 160 kph, and the Crewe
modernisation works, described later, produced
an increase from 24 to 128 kph. The introduction
of diesel powered High Speed Trains (HST)
reduced the London to Edinburgh journey time
from six to just over four and a half hours, and in
1991 electrification of the line produced a further
reduction to four hours. O’Brien?? suggested that
two hours would be an attractive target for the
journey time from London to Manchester, but
that it would require new traction and a mix of
expenditure on infrastructure and new rolling
stock, possibly tilting coaches in part derived
from APT technology and experience.

InterCity business grew significantly both in
real income and in passenger volume in the 1970s
and 1980s, in one of the fiercest transport market
places in the world. While British trains cannot
beat the speed of the Japanese and French modern
dedicated routes, they do run at faster average
speeds than anywhere else in the world over
infrastructure which has been in use for up to 150
years.??

Gotch? described how Britain led the Euro-
pean railways with its APT technology and then
watched France’s TGV settle into regular service,
as described later, before APT could be success-
fully introduced. However, Britain has more
sophisticated systems of freight movement than
its European neighbours and uses its freight
rolling stock more intensively with such innova-
tions as merry-go-round coal trains, TOPS com-
puter control, Freightliners and Speedlink, yet
the strict financial targets imposed on the railway
could force the closure of lines and services
which are uneconomical in the short term and
leave the long term system the poorer for their
loss.

The Channel Tunnel, which is described later
in this chapter, creates an excellent opportunity
for British Rail to expand its freight business, and
reduce congestion on the overloaded roads. In
1990, Britain’s short haul railways carried only
about 9% of the country’s goods traffic. By com-
parison, continental railways, with longer hauls,

carried about 20% and American ones, crossing a
continent, nearly 60%.24

Track Design

Purbrick?® has described how British Rail’s track
layout is the legacy of the history of the develop-
ment of numerous private railway companies in
the 19th century. Very little of the system was
designed with high speeds in mind and much of
the length of the routes has a high percentage of
curves, which limits the maximum speeds. Des-
pite these limitations, British Rail developed
those lines which were geometrically suitable for
200 kph operation by High Speed Trains. These
trains have two diesel power units of 2250 HP
one at each end of a train of 7 or 8 carriages, and
more distance is travelled annually at 200 kph,
using the existing railway, than in any other
system anywhere in the world.

The operation of a train around curves causes
wear on the rails and increases train resistance.
Curve resistance increases in direct proportion to
the degree of curve and amounts to about 0.36 kg /
t per degree of curve. It has been estimated that a
12-degree curve approximately doubles the train
resistance likely to occur on a straight level
track.26 Wright and Ashford?” have classified 1 to
3-degree rail curves as relatively flat and 8 to 10-
degree curves as relatively sharp. Curves greater
than 10 degrees are seldom used for main lines,
except in mountainous areas. France’s TGV high
speed railway is designed with a normal mini-
mum radius of 4000 m (less than 0.5 degrees), and
this system is described later.

General Constructional Details

The main components of a railway network are
now described in order to identify their main
characteristics and uses.

1. Ballast. Selig? has listed the most important
ballast functions as restraining ties against forces
from train and track; reducing stress on the
weaker subgrade; facilitating maintenance; pro-
viding immediate drainage of water from the



track structure; and providing resiliency to the
track.

To achieve these functions gravel-sized crushed
hard, durable rock with particles in the 20 to
65 mm range are often considered the most suit-
able. In practice, crushed stone, washed river or
pit run gravel, or furnace slag with a grain size
varying between 38 and 45 mm are commonly
specified. Where a sub-ballast layer is provided,
this can be a less openly graded material meeting
less stringent quality requirements.?”.

The depth of the ballast may vary from 150 to
750 mm or more depending on wheel loads, traffic
density and speed, and the type and condition of
the foundation. The thickness of the sub-ballast
may also vary, but good results have been obtain-
ed with a thickness of about 300 mm?°. Currie®
provides some useful further information about
ballast characteristics and requirements.

2. Sleepers. The traditional imported softwood
sleepers with baseplates were expensive and
relatively short lived. Hardwood sleepers gave a
longer life but had a higher initial cost than
softwood, as did also steel sleepers. Hence they
have been largely displaced by concrete sleepers
which have a cost advantage and give improved
lateral stability.>

In Britain and most other countries concrete
sleepers are pretensioned by the long-line method
in which the tendons are fully bonded and give
good control and distribution of prestress. A
typical British rail sleeper (F27BS) is 2.515 m long,
203 mm deep under the rail, 264 mm wide at the
base and weighs 280 kg. Spacing in British track
is usually 700 or 650 mm, although 600 mm
spacing is used with sharp curves. Prestressed
concrete sleepers have an average life of 40 to 50
years.30

Purbrick®® has described how British Rail
evaluated 33 different fastenings to be used with
concrete sleepers. The two fastenings considered
to be most suitable were the Pandrol clip and the
Spring Hoop Clip (SHC). The Pandrol clip was
adopted by British Rail as it is installed parallel to
the rails and can be used in baseplates, on timber
and steel, and in switches and crossings.

3. Track. The flat bottom, or Vignole, rail is
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now almost univerally used and so the bull head
rail of past British practice can be ignored. In
Britain the rail section is normally made from BS
11 normal grade steel, conforming to BS 110A
and weighing 56.5 kg/m, whereas in Europe rails
up to 60 kg/m are used and up to 70 kg/m in the
United States. Most of the rail bought by British
Rail is depot-welded by the Flash-butt Welding
process into lengths up to 305 m. After convey-
ance to site by train it is welded again, by the
Thermit Skv-F process, to form Continuously
Welded Rail Track (CWR), which now accounts
for over 50% of all UK track.?

4. Switches and Crossings. All railway switch
and crossing work is made up of three basic
units: (1) switches; (2) common or acute (angle)
crossings; and (3) obtuse (angle) or diamond
crossings. These are all fully described and illus-
trated by Currie in Civil Engineer’s Reference
Book.30

In switches and crossings greater use is made
of high grade steels in locations such as some of
the London Terminals, where intensive suburban
services operate on sharp curves. On high speed
lines and very heavily worked freight lines most
crossings are cast Austenitic manganese steel
(AMS). This material is difficult to weld to BS 11
steel rail and so fishplate joints were commonly
employed, but this method produced a point of
weakness. The former BR Research Department
at Derby overcame this problem using bainitic
steel inserts or hearts, which have excellent
wearing properties, are fracture tough and can be
welded to BS 11 rail. 25

Track Maintenance and Renewal

Use of Direct Labour or Contract Civil engineering
work on track maintenance must comply with
statutory and legal requirements, railway rules
and regulations and track standards, to ensure
safety of traffic and personnel. It must be cost
effective and engineers must be always seeking
improved methods of working, accommodating
peak workloads and the use of specialist con-
tractors where necessary.

Herring?! described how in the UK it has been
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the practice for virtually all track renewal and
maintenance work to be carried out by railway
staff using railway owned plant and equipment,
except for specialist activities such as rail grind-
ing, weedkilling and plant hire. The move
towards privatisation could however change this
approach in the future. Contracts for most relay-
ing work outside Britain were usually negotiated
with established contractors on five year terms, in
order to provide the contractors with adequate
assurance of future work to justify investment in
expensive specialised plant. To remain aware of
the realistic costs of the classes of work put out to
contract, most railway administrations retained
some of this work in-house.

In the UK, maintenance contracts were mainly
for private sidings ranging from standard gauge
depots to single sidings and crane tracks. How-
ever, contractors were major suppliers of track
components to British Rail, especially for point
and crossing work, where contracts commonly
required the contractor to provide a complete
fully timbered prefabrication of the layout.3!

Civil Engineering Aspects of British Rail
Cooper32 described how 25% of InterCity working
expenses were on civil engineering, of which this
sum was approximately equally divided between
track renewal, track maintenance and indirect
costs of civil engineering work. The latter ex-
penses resulted from week day temporary speed
restrictions (TSRs) after renewals, weekend
delays and diversions during renewal work and
reliability problems associated with civil engin-
eering. This led to pressure to reduce both these
losses and direct unit costs.

Reynolds®! described how the main strategy
for weekends was avoidance of diversions by
using simplified bidirectional signalling (SIM-
BIDS). Engineers worked principally on the line
under renewal, the adjacent line being open
under reversible signalling Trains lost time in
crossover movements and in travelhng under a
TSR past the site, but less than in a diversion.
Greater discipline was required of staff working
next to an open line. Weekday journey times
were reduced, weekend timetables were closer to
weekday standards and the better quality track

obtained showed sustained improvements in
geometry and reliability. This was greatly assisted
by laser levelling control of reballasting depth
and by using a dynamic track stabiliser (DTS) to
consolidate new track instead of leaving it to be
done by rail traffic under a TSR. Line opening
speeds of up to 200 kph (125 mph) have been
secured using the DTS. Although a longer posses-
sion was required to allow the tamping and DTS
working, costs were reduced by completing the
work in one long possession and eliminating
weekday manual follow up.

Effect of Adverse Weather Conditions Railways
are usually less affected by bad weather than
road users. However, in summer high tem-
peratures can cause expansion and, in severe
cases, buckling of the track, but this is now
usually overcome by allowing expansion gaps or,
more likely, by laying continuous welded rails
which will withstand considerable heating with-
out causing problems. Heavy rain, apart from
causing flooding, can adversely affect the electric
wires of the signalling system, while lightning
can disrupt power supplies to electrified lines.

Gales affect overhead electric lines, especially
on exposed upland moorlands, and can blow
trees, fences and sheds across the track causing
delays, as happened after the October 1987 gale in
South East England. In addition, electrified lines
were also put out of action for a time by power
cuts. Snow, when it drifts, can cover low-lying
sections of track and in severe cases fill a cutting.
Exposed routes in Scotland, across Shap Fell and
the Settle to Carlisle line crossing ground over
300 m high create the worst hazards. In moderate
cases the snow can be cleared by ploughing.

Ice is a problem with electric lines around
London which use the third rail system of
electrical pick-up. A good contact must be main-
tained between the conductor rail which is about
150 mm above the ground and the metal of the
pick-up shoe. Ice on the conductor rail can
prevent this contact and cause jerky running,
damage or even a standstill. De-icing trains can
be used to prevent or disperse ice build-up but
they are expensive. Frozen points can also cause
train delays.



Crewe Railway Modernisation
Scheme

Crewe has been selected as a large scale railway
station modernisation scheme. The original track
layout and platform arrangements at Crewe
main line station, as shown in Figure 2.5, were
remodelled to meet future rail traffic and busi-
ness requirements. Alterations to the track layout
reduced the number of point ends from 229 to 109
and diamond crossings from 56 to 4. The number
of operational platforms was reduced from 17 to
11, giving an indication of the extensive scale of
the rationalisation achieved. The new layout as
shown in Figure 2.6 incorporated a revised

To Shrewsbury
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alignment for the through lines raising their line
speed from 32 to 130 kph (20 to 80 mph).

Barwell and Cutting® described how to under-
take the civil engineering work using traditional
weekend possession would have required a
period of up to three-and-a-half years, with
consequent disruption to train services. This was
unacceptable for business reasons and works
were accordingly divided into three stages, as
follows.

Stage 1 started on 15 April 1984, and en-
compassed track works on the fringes under
weekend possessions and other preparatory
works for stage 2 including station building and
platform works.
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Figure 2.5 Layout before April 1984 at Crewe railway station (Source: A. P. Barwell & W. G. Cutting)
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Figure 2.6 Layout after July 1985 at Crewe railway station (Source: A. P. Barwell & W. G. Cutting)
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Stage 2 involved a shutdown period of 49 days
of the station area from 5 June 1985 to carry out
the major remodelling works, and a programme
was formulated, as shown in Figure 2.7, with
each department having a prime user period.

The Crewe site was unique with the existence
of independent lines for the diversion of the main
rail services. Furthermore, there was good road
access to the site with land available beside the
railway which could accommodate large mobile
cranes and new materials. It was these key issues
which determined the operation of a shutdown
period for stage 2.

Stage 3 consisted of the residual completion of
works in the traditional manner.

For stage 2, the site was divided into four
sections with the boundaries of each determined
by the physical limits required by the large 200 or
300 t road cranes. The formation was protected
with a geotextile fabric (terram 4000) and poly-
thene and areas of soft clay were cut out and
backfilled with sand and a minimum depth of
ballast of 375 mm. The track was BS 11 113A
normal grade rail on jarrah sleepers and switches
and crossings were of BS 11 113A wear resistant
grade A rail with manganese or semi-welded
crossings, all on jarrah timbers.

The simplified track layout permitted the
installation of automatic tensioning equipment

necessary for the proposed line speed of 130 kph,
and this was based on the use of MK1 equipment
using cadmium-copper conductors to maintain
compatability with the existing equipment enter-
ing the Crewe station area. A total of 140 working
drawings were produced for the installers.

To give an indication of the scope and speed of
the works a few interesting statistics supplied by
Spilletts and Wilkinson3® have been included. In
the six month period preceding stage 2, a total of
9.6 km of overhead equipment was removed, 11.3
km reinstated and 86 structure foundation bases
installed. With the diversion of the main line
trains by way of independent lines during stage
2, a buffer zone was created in the equipment
running on the remodelled site to overcome
isolation problems. In stage 2, 30 km of overhead
line equipment was removed in three days and
19.3 km of overhead equipment installed in eight
days. A further two days was required for
checking of equipment during energisation and
the renewal of the overhead equipment was
completed three days ahead of schedule.

The signalling specification included for four
aspect signalling, DC single rail track circuits
point operation by clamp lock with electrical
point heaters. The interlocking was BR free wired
standard design with the operating console a
combined NX panel with processor control

Prime user 49 Days
department Work 2 34 37 5
RM & EE Dewire overhead equipment .
RCE Remove track [ ]
Formation and drains [ ]
Lay in track [ ]
Install CWR, fettle track Lt ]
RS & TE Commission signalling [
RM & EE Rewire overhead equipment S
All Adjust
Buildings, platforms and ramps

Figure 2.7  Programme of work on Crewe railway modernisation (Source: A. P. Barwell & W. G. Cutting)



buttons and indications, chosen to minimise the
number of physical connections between the
interlocking and the panel. A modular standard
steel building was constructed to house the inter-
locking and control room.

Railway Electrification

A considerable amount of electrification of rail-
way lines has taken place in the United Kingdom
over the last three decades, and the latest project,
at the time of writing this book, was the extension
of the East Coast route north to Edinburgh in
1991, and the travelling public would like to see
many more schemes implemented. However, the
selected example is the civil engineering work
required to convert the diesel hauled rail service
from London (Liverpool Street) to an electric
service to Harwich in 1986 and to Norwich and
Cambridge in 1987.

The Anglia East project from Colchester to
Norwich and a spur to Harwich cost £24.2m at
1982 prices, including £10.5m of civil engineering
work. While Anglia West from Bishops Stortford
to Cambridge cost £9.3m at 1984 prices and
included £3m for the provision of improved
clearance to bridges and structures and altera-
tions to the track. Both projects were completed
to time and were underspent.

Overbridges Lewis and Clark®* have described
how the East Anglian electrification was by the
overhead wire system operating at 25 kV AC,
requiring increased vertical clearance height
between rail and bridge soffit. This could be
obtained either by raising the bridge or possibly
lowering the track. Sixty-four bridges were in-
volved, and where a bridge could not be de-
molished and abandoned, it was raised by jacking
the bridge span upwards or by reconstructing the
bridge. This work took 3%: years to complete.

On earlier electrification projects from Liver-
pool Street, engineers replaced brick arch bridge
spans with pre-tensioned, prestressed beams,
and with three span bridges, diaphragm walls
were often erected to support the side arches and
the central arch replaced by beams. Experience
over 30 years showed that this could produce a
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relatively cheap solution and hence it was used,
where appropriate, on Anglia East.34

The electrification from Euston to Glasgow
made use of precast concrete arch units to give
the required improved track clearances and to
preserve the arch shape, reducing the rise
required on road approaches and the amount of
abutment raising that would have been needed
for beams. The computer program was updated
to standardise design, and this speeded checking
and estimating of the precast concrete works and
reuse of expensive moulds. Precast arches were
used for 25 of the 64 bridges.3*

The highway authority influenced the method
of carrying out the work, which could take the
following forms:

(1) total closure of the road with diversion of
traffic to adjoining bridges

(2) provision of a temporary Bailey bridge during
reconstruction

(3) demolition of half the arch with traffic using
one half while the other half was being recon-
structed

(4) bridge widening with the widening being
completed before reconstruction to carry
traffic.34

Lewis and Clark®* have described how inter-
ference to the running of trains must be kept to
the shortest acceptable time. The track was
protected with polythene sheeting and a layer of
wood sleepers to receive the demolished brick
arch, and from which the rubble was loaded. The
fill above the arch was removed before de-
molition. Demolition was usually performed by
breaking through the arch and dropping it, but
explosives were also employed.

For demolishing an arch over a double line
railway, the time available was usually limited to
an 8 hour blockage of both tracks (midnight on
Saturday to 8 am Sunday morning). During the
subsequent 8 hours rail traffic operated on one
track while the second was made available to the
engineer for disposal of rubble. The only other
major track occupation requirement was for road
cranes lifting the prefabricated units, and this
was usually done by special arrangement with
the railway operating manager who closed the
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line between the passage of trains.

Parapet walls to bridges were strengthened
with reinforced concrete surrounded by brick-
work, in accordance with Technical Memoran-
dum (Bridges) BE5,3 to preserve the traditional
appearance.

Footbridges New footbridges were construct-
ed in either prestressed concrete or steel and
concrete composite construction, to carry a load of
5 kN/m? Over the tracks, glass reinforced con-
crete panels were provided in blues, browns and
greys, to avoid colours with signalling signifi-
cance. Drainage holes could not be provided in the
floor of the bridge span as contact could be made
with the 25 kV overhead wires or the earth return
wire, and so the rainwater had to be conveyed
along the span to downpipes at the supports.

Planning Approach Roads and Services Where
reconstruction of a bridge was necessary, the
highway authority was consulted at the planning
stage about road widening, improvement to
alignment or gradients of bridge approaches, and
appropriate road loadings. A substantial cost
chargeable to electrification, amounting in one
case to 30% of the total cost of bridge recon-
struction, resulted from the need to maintain
public services in the roads passing over bridges.
Early consultation was needed with the gas,
water, electricity and telephone authorities in
order to liaise with any of the undertakers’
planned works.

Station Alterations The increased clearance
required from the rail, made necessary the
removal of the part of any station structure lying
within the space required for the locomotive
pantograph and the specified clearance to it. To
satisfy this requirement at Stowmarket Station,
the platform awning was set back but care was
taken to maintain the appearance of the original
station. One typical method of reconstruction
was to place prestressed, precast concrete planks
on the support walls and in situ concrete,
reinforced with steel fabric, placed on top to carry
an assumed loading of 5 kN /m?. Precast concrete
copings were placed at the exact standard dis-
tance from the track, and mastic asphalt was
found to be a satisfactory surfacing material.3

Rail Track Lewis and Clark® described how

rail track improvements were undertaken at the
approaches to many curves, to achieve the correct
rate of build of cant or superelevation of the high
rail over the low rail. This increased from zero on
the straight to full superelevation on the curves.
This involved appreciable earthworks, as the
railway was repositioned to lengthen the transi-
tion curve, made necessary by the planned in-
crease in route speed from 153 to 160 kph (95 to
100 mph).

Tunnel Work In the Ipswich tunnel, the res-
tricted clearances were optimised permanently,
by replacing the original flat bottom rail on timber
sleepers by track in which the rail was fastened
directly on to a concrete slab cushioned by a pad.
The paved concrete track comprised a profiled,
continuously reinforced concrete slab. The rails
were supported on 10 mm thick resilient pads
consisting of 9 mm of rubber bonded cork with a
1 mm PVC topping supplied in 2 m lengths and
laid end to end, to form a continuous support.

The rails were held by a form of Pandrol
fastening, consisting of Pandrol E1809 clips, shot
peened and sheradised, with composite nylon
and malleable iron insulators and galvanised,
malleable iron shoulders, fixed in holes in the
concrete slab by epoxy or polyester resin. It was
necessary to incorporate drainage outlets at inter-
vals from the concrete into the tunnel drainage
system, to prevent water lying on the surface of
the slab.34

Channel Tunnel Rail Link

British Rail’s choice of route for the dedicated
high speed rail link from London to the Channel
Tunnel and its implementation proved to be a
most controversial matter. Mounting pressure
from strong environmental groups resulted in
delayed publication of proposals and sub-
sequently in substantial changes and then a
further one year’s delay in presentation to Parlia-
ment to allow time for further revisions to be
made. These problems were accentuated by
funding difficulties as the estimated cost of the
project rose from £1.2b to £3.61b between March
and November 1989.



Kent County Council’s official position was
that it accepted the need for a new dedicated line
but wanted it to benefit the people of Kent as a
whole, by improving commuter services and
diverting freight from road to rail. Main environ-
mental objections by the council centred around
noise and visual intrusion across the Kent
countryside. This implied putting lines into
cuttings or cut and cover tunnels, avoiding
embankments and keeping to existing transport
corridors, such as rail lines and the M20.

In 1988 British Rail publicised three alternative
routes each with extensive environmentally sensi-
tive sections above ground. In March 1989 the
Prime Minister requested British Rail to make
substantial amendments to the chosen rail link
option, which was believed to be the route
running north of Maidstone and coming into
London through Sidcup, and to increase con-
siderably the terms for compensation payable to
those whose property was blighted by the project.
Despite renewed calls for a public inquiry, British
Rai] planned to press ahead with the introduction
of a private bill in November 1989, permitting
work to start in 1991 and the line to open in 1997
at the earliest, four years after the opening date
for the Channel Tunnel.

The revised proposal, whereby about one third
of the new rail link would be tunnelled through
London and Kent, had raised the cost from £1.2b
to £1.7b, with a consequent reduction in maxi-
mium track speed from 300 to 225 kph (186 to 140
mph). This also resulted in greater funding prob-
lems as money had to come from private sources.
Under section 42 of the Channel Tunnel Act, the
Government could not give any grant to British
Rail to help it provide, improve or develop inter-
national rail services relevant to ‘the carriage of
passengers or goods by way of the tunnel system.’
Most commentators and analysts agreed that
international passenger traffic alone could not
justify the £1.7b cost.

By May 1989 extreme difficulties were being
encountered in obtaining central London con-
struction sites for tunnel headings and permanent
access shafts. The problems were compounded by
the Railways Inspectorate requiring an extra 15 to
20 large diameter access shafts, costing between
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£25m and £50m, at 1 km intervals along the route
to provide an entry for emergency services and an
exit for passengers in case of fire or other accident.
In addition, in most cases, lengths of horizontal
tunnelling were required from shafts to connect
to roads and emergency services.

In September 1989 the chairman of British Rail
admitted that even with help from the private
sector, British Rail could not raise the finance to
meet the escalating costs of the link and to meet
the 8% return on the investment required by the
Government. A detailed estimate of British Rail’s
preferred route had now been costed at £3.61b,
including 5% per annum inflation up to 1997.
This estimate included four terminals (King's
Cross, Waterloo, Ashford and Mid Kent Park-
way), tunnel engineering works, property pur-
chase, and international passenger and high
speed commuter trains.

At the same time an alternative link to Stratford
was proposed by a consortium at a cost of £2.2b.
It was further claimed that this route would be
almost completely free of environmental dis-
turbance and would provide better opportunities
for future expansion. However, this proposal was
rejected by British Rail in November 1989.

At the same time, British Rail postponed its
plans for the high speed rail link for a further year
and announced that the EuroRail consortium led
by the Trafalgar House group, would be its
private sector partner in the project. Both parties
announced that the scheme would not be eco-
nomically viable if they were forced to excavate a
continuous tunnel under south east London,
from Swanley in Kent to King's Cross station.
Passage of private bills through Parliament takes
2V5 years, so the earliest construction start is 1993
and the project is likely to take up to seven years
to complete.

The partners intend to build an international
station near the M25 at Swanley, and an inter-
mediate stop on route to London. The additional
year will be spent working on different solutions
to connecting Swanley to King’s Cross. These
could include upgrading existing rail tracks and
tunnels to carry international trains, as well as
possibly a new line to handle the increased
volume. It appears likely that high speed trains
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will have to run on existing tracks into London
for the rest of the century. To make matters
worse, in June 1990 the Transport Secretary
formally rejected a £3.5b proposal from the
EuroRail consortium, insisting that a planned
investment of £1b in the existing BR routes would
provide adequate service until capacity was
reached at the turn of the century.

This is not a successful outcome and highlights
the major problems resulting from the absence of
government financial support for transportation
schemes of national importance, the strength of
the environmental lobby and the fears of residents
whose properties are likely to be blighted by the
proposals. However, in October 1991 the Govern-
ment approved a northerly route approaching
King’s Cross from the east, which would help in
regenerating the lower Thames area.

French High Speed Railways

French high speed railways have been examined
on account of their great success in implementing
advanced technology and in competing with air
travel, which is very desirable having regard to
the serious airspace and airport congestion over
much of Europe. The United Kingdom can learn
from the French achievements, despite its much
more densely populated terrain.

France’s second high speed railway entered
service in 1989, comprising the Paris to Le Mans
branch of the TGV Atlantique, with the branch to
Tours completed in 1990. The TGV (train a grande
vitesse) travels at speeds up to 300 kph (186 mph)
on its own dedicated track, and by 1992 the TGV
Atlantique was expected to carry 21m passengers
a year. It builds on the phenomenal success of the
first TGV line, the Sud Est route between Paris
and Lyon, which has made substantial inroads
into Paris-Lyon air traffic since it opened in 1981.
In 1987 it carried 4.8m passengers, ten times the
number flying between the two cities.

These latest lines have taken about 11 years
from initial planning to completion and the Paris—
Le Mans branch cost about £920m for a length of
180 km. The French government contributed 30%
of the cost of the line, with French Railways

(SNCPF) funding the remainder and the full cost of
rolling stock. SNCF expects to secure a 12%
return on its investment.3

Fowler®® has described how the high speed line
consists of 285 km of new track, with 12.4 km of
bored tunnel and 8.4 km of cut and cover (mainly
in the Paris suburbs), and there are 30 viaducts
totalling 3.4 km in length. The maximum gradient
is 2.5% (reduced from 3.5% on the Sud Est line),
which trains can climb without reducing speed.
The maximum curve radius is 6000 m, or 4500 m
in exceptional cases. Trains can run at up to 200
kph to within 6 km of the modernised Mont-
parnasse station in Paris.

Civil engineering work along the route was
divided into eleven sections and involved most
of the French major contractors. The first 75 km of
the route from Le Mans crossed virgin country-
side, the next 85 km followed existing transport
corridors to reduce environmental disturbance
(A10 motorway and Tours railway line), and the
last 20 km through the suburbs of Paris, was
largely underground in a succession of cut and
cover and tunnelled sections. This provided the
opportunity to create an 11 km coulée verte or
garden throughway above the line landscaped by
local authorities to provide gardens, paths and
cycle tracks for local residents.

The track is conventional except for a greater
than usual minimum thickness of ballast of
350 mm. The rails are continuously welded and
pretensioned to give a neutral temperature — at
which thermal stresses are zero — of 25°C. Sleepers
consist of twin 840 mm reinforced concrete blocks
connected by a metallic brace beneath the ballast.
Around 10% of the total cost of the line was spent
on environmental works. Noise barriers have
been provided extensively where the line runs
above ground near towns or villages. A number
of wildlife bridges were provided in woodland
areas to enable animals to cross the track safely.
These consist of grassed structures 12 m wide at
the centre and widening at each side to ‘funnel’
animals across them. Culverts were installed to
ensure that the line did not interfere with the
natural drainage of the land.3

Acceptance of the line was helped by the pro-
visions of French law whereby anyone whose



land is compulsorily purchased receives 25%
above market value for it. Where agricultural land
is severed by the line, plots affected are reallocated
orregrouped to give farmers the same area of land
which they had before, all on the same side of the
line. Fowler® pointed out that environmental
opposition is becoming more vociferous and
environmental spending on the later Nord line
which passes through more highly populated
areas could amount to 15% of the total cost.

The train has undergone considerable changes
since the TGV Sud Est entered service. It has a
white and blue livery in contrast to the previous
orange. Mechanically, it will have AC instead of
DC motors, air suspension, and improved aero-
dynamics reducing its drag coefficient by 10%. Its
300 kph maximum speed is 30 kph greater than
the TGV Sud Est. Each trainset has ten cars to the
TGV Sud Est’s eight, and carries 485 people, 25%
in first class accommodation. The trains are
provided with telephones, a stationery and tobac-
conist’s shop and a nursery.*

SNCF's in-cab signalling system allows trains
to run at three minute intervals at peak periods,
with signalling for the entire line controlled from
Montparnasse. Initially SNCF planned to run 10
trains per day in each direction, rising eventually
to 120 per day on the common section of track,
diverted equally between the two branches.

Fowler3¢ describes how high speed trains are
more fuel efficient than most other forms of
transport and the track requires less land than a
road. Most European railway engineers envisage
a rail network which will eventually link all the
major centres of Europe, with overall travel times
comparable to those by air with all its consequent
advantages. Unfortunately, London may not be
one of the centres in the network, largely because
of the difficulties of forging dedicated high speed
rail lines in a densely populated island and also
because of the lack of integrated transport plan-
ning in Britain.

Australian Railways

The study of the French railways was directed
towards the high speed passenger routes and, by
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contrast, in looking at Australian railways there
is great emphasis on long distance rail freight
transport. The five government railway systems
in Australia developed jointly with assistance
from UK consultants Travers Morgan developed
INTRANS, which stands for the Railways of
Australia Intersystem Transport Operating Plan.
This is a plan to improve the services offered by
long distance interstate rail freight transport in
Australia.

The objectives of the plan are noteworthy as
they aim to identify and meet the needs of
customers spread over a very large country with
a high standard of service reliability. The key
element is the streamlining of intersystem freight
services, with transits planned from departure to
delivery throughout the country. Furthermore,
under the INTRANS plan trains will be re-
marshalled at fewer points, there is a standard
train examination procedure for all systems and
terminal performance is being steadily improved.

Concurrent with the implementation of IN-
TRANS was the adoption of a system of cen-
tralised intersystem wagon transit monitoring,
administered by CENWAG based in Melbourne.
A computer system was installed by CENWAG
to keep track of the transit progress of the 13000
intersystem wagon fleet. The monitoring system
is fed and updated continuously with the infor-
mation from intersystem train movements and
intermediate yard reports telexed to CENWAG
by all railway systems.

Figure 2.8 shows the Australian Rail network
connecting the largest centres of population. It
shows the three different types of track (standard,
broad and narrow gauge). Hence it is possible to
travel directly from Perth to Sydney and from
Sydney to Melbourne on the same standard
gauge, 1435 mm wide. However, the track from
Adelaide to Melbourne is broad gauge, 1600 mm
wide, and for a train to pass from one system to
the other a fast, high capacity bogie exchange is
performed at Adelaide (Dry Creek).

A variety of train types are in use from very
long trains made up of innumerable wagons
carrying long distance bulk freight and diverse
commodities to trains of ‘piggyback’ wagons on
which many road transport operators load their
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complete rigs at Adelaide and Port Augusta (to
the north of Adelaide) for the long hauls to Alice
Springs or Western Australia, or a record breaking
8400 tonne quadruple-headed coal train in New
South Wales. There are also different types of
passenger train such as the dual locomotive
Australian—Pacific train probably hauling some
14 carriages, used on the Perth to Sydney route,
to the interurban double-deck passenger train
illustrated in Figure 2.9. In 1990 increased com-
petition was arising from the high powered two-
trailer road transport units, coupled with im-
proved highways.

An efficient and well monitored system of
track maintenance is required to cover such long
lengths of track and the associated structures,
and the stated aim is to achieve a high quality of
service.

Travers Morgan have advised Australian rail-
ways on many important matters ranging from
computerised wagon tracking procedures for
interstate traffic to major marketing studies and
economic feasibility studies of rail electrification
schemes.

Railway Bridges

New and reconstructed bridges must be built to
provide at least the mandatory clearances to the

Australian Railways
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Figure 2.8 Australian railways (Source: Travers Morgan)

kinematic envelope prescribed by the Depart-
ment of Transport. For British Rail, this require-
ment gives a standard structure gauge 4.640 m
high (above rail level) and 2.340 m clear laterally
from the centre line of the nearest track, although
additional lateral clearance is necessary alongside
curved tracks.

Atkins and Wigley® have identified four main
influences on railway underline bridge design as:
the introduction of the bridge code BS 5400, the
development of new materials and techniques,
the requirements of the Health and Safety at
Work Act 1974, and the more commercially
oriented management of British Rail. Some
bridges, because of their size and accessibility,
have been built alongside the railway track and
slid into place or have been built in line with the
existing track during a temporary track diversion.

The general design principles on which railway
bridges are based encompass simplicity of erec-
tion, durability and ease of maintenance. The
bridge code contained in BS 5400 led to more
consistent designs and higher standards. Bridge
decks are waterproofed normally using a pro-
prietary membrane or paint. These generally
require protection from ballast and must be
impervious to the oils often encountered near
railway depots.

Atkins and Wigley¥” have emphasised the
great advances that have been made in the
development of craneage, which are of great
benefit when working to strict time limits; 54
hours being the average time allowed for the
reconstruction of an existing bridge deck. Whole
superstructures may be lifted in to reduce erection
times. Furthermore, in multi-span bridge con-
struction, rough terrain cranes with capacities of
up to 70 t have been used to transport and place
bridge deck units. For larger span concrete
bridges, where the weight of the structure pre-
cludes lifting techniques, the bridge has to be
built beside the track and slid or moved into
position under the track, using a variety of
methods. Complete bridges have also been thrust
under the tracks in the form of large boxes using
jacking techniques, while portals have been slid
into place on previously prepared foundations,
sometimes with trailing wing walls attached.
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Figure 2.9 Australian Inter Urban Train (Source: Travers Morgan)
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Figure 2.10 Standard box girder design for bridges
(Source: F. E. Atkins & P. J. G. Wigley )

One of the most widely used steel bridges is the
British Railways standard box girder type de-
veloped by the Western Region. This bridge was
originally designed as a single track two girder
bridge or a double track three girder bridge for
spans of 8 to 25 m, as illustrated in Figure 2.10.
The main advantages over similar half-through

type bridges with I-section main girders are
easier erection and reduced depth of main girders.
For smaller spans up to 5.5 m where con-
struction depth permits, the most economical
solution is likely to be unconnected precast re-
inforced concrete slabs. Two units per track is the
optimum arrangement commensurate with ease
of placing and minimising site waterproofing.
Prestressed beams are used on longer spans
and are generally connected together to provide
an effective slab deck. A common practice is to
adopt transverse post-tensioning with the in situ
concrete between the beams cast at the concrete
works during the trial erection. An inflatable
rubber ductube is threaded through the post-
tensioning ducts to ensure no grout ingress and a
suitable releasing agent is applied to one side of
each beam. The beams are carefully marked once
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the concrete is set to ensure that they are erected
in the correct positions. This leaves only the post-
tensioning and subsequent grouting to be carried
out on site. This technique can be used for spans
up to 20 m and is illustrated in Figure 2.11.

On the 630 km East Coast main line electri-
fication scheme from London to Edinburgh, com-
pleted in 1991 at a cost of £306m, the infra-
structure works accounted for £157m. The civil
engineering work included increasing clearance
on 111 bridges to take the electric locomotive’s
pantograph, by straight jack up, track lowering
or reconstruction. The choice of bridge solution
was determined by cost. For example, to lower
the track by taking 10 mm off the ballast was easy
but expensive for a 50 mm drop requiring the
relaying of 600 m of track. With one bridge, 20 mm
was chiselled off the stone face to obtain the
clearance for the pantograph. High capacity
cranes can be a cost effective method of raising
bridges, possibly carried out in two halves.

On the East Coast route, BR civil engineers
were responsible for the design work on rebuild-
ing bridges with contracts let by competitive
tender. Rebuilds were usually in single span
precast, prestressed concrete beams or precast
concrete saddles, but for large spans steel proved
the most economic. Other work on bridges in-
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Figure 2.11 Cross section of bridge using precast pre-
stressed concrete beams (Source: F. E. Atkins & P. . G.
mgley 37)

cluded high parapet walls with pointed tops to
meet safety regulations covering the 25 000 V line
beneath.

Railway Stations

Station platforms should be long enough to
accommodate the longest train and have a non-
slip surface. The clear width should not be less
than 2 m, and for important stations and island
platforms a minimum width of 4 m over the
greater part of the length is desirable. Columns
and other structures should not extend to within
less than 2 m from the platform edge and a clear
minimum headway of 2.5 m is required over the
platform. The stepping distance between the plat-
form edge and the footboards of passenger rolling
stock should not exceed 275 mm laterally and
250 mm vertically. Copings should overhang the
face walls at platform edges by 300 mm.

All station premises used by passengers and
staff during hours of darkness shall be adequately
illuminated and provided with adequate and
conspicuously displayed name plates, illumin-
ated at night. Stairways and ramps shall be of
adequate widths and suitable grades. The struc-
tures shall be suitably fire resistant and there
shall be adequate fire extinguishing equipment.

York station is probably one of the most attrac-
tive railway stations in the British Isles with its
sedate Victorian splendour and has, accordingly,
been selected for closer examination. It was
completed in 1877 to a design by the North
Eastern Railway’s architect, Thomas Prosser, and
is a listed station. Its 16 platforms, ranging in
length up to 516 m, are protected by an elegant
curving trainshed roof 244 m long and 72 m wide,
and the largest span over the through tracks is 25
m. The wrought iron roof ribs rise to 12.8 m above
platform level and spring from wrought iron
girders resting on cast iron columns. The massive
colourful side walls are built from yellow Scar-
borough bricks with stone dressings. The station
is illustrated in Figure 2.12, although it will be
appreciated that the InterCity 125 diesel loco-
motive was replaced in 1991 with an electrified
high speed train.



Figure 2.12 York railway station (Source: Shepherd
Construction Ltd)

In 1988 one of the most complex track remodel-
ling schemes was undertaken at York station at a
cost of £18m. There was no diversionary route
around York and so it was necessary to relay
some 10 km of mainline track and drastically
reduce the number of points and crossovers, but
still keep the trains running through the station
on schedule.

York’s track layout, with its dozens of super-
fluous points, crossovers and sidings and a
signalling system from the 1950s was due for
renewal, as it was cumbersome in operation and
included extensive duplication. Electrification
provided the opportunity for modernisation and
rationalisation but all the work had to be care-
fully planned and be cost effective.

The number of main lines through the station
was reduced from six to three, coupled with the
removal of at least three quarters of the 160 points
and all but two of the two dozen diamond
crossings. This halved the number of end bay,
terminus platforms and allowed simplification
and removal of much of the adjoining freight
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yards. Main lines had to be relaid for a distance of
2 km on each side of the station and a highly
sophisticated computer controlled solid state
nterlocking signalling system was installed re-
ducing the 3000 wires to a mere handful.

Using the conventional 12 to 18 h weekend
possessions would have involved a 2% year
completion period, but this was unacceptable on
this busy high speed line. Hence, at York, engin-
eers obtained unprecedented possessions occupy-
ing weeks rather than hours, enabling them to
carry out major 1 km long track relays by day and
night without interruption, and trains passed
alongside the possession areas. With possessions
lasting up to six weeks each, the work was
completed in 25 weeks, although it was preceded
by four years of discussion and one year of
intensive planning.

Track relaying in short possessions requires up
toseven trains repeatedly bringing in materials for
a few hours’ work, while at York all trains and
necessary materials were kept nearby or on the
site. With short possessions it takes one to three
hours before work can commence, while at York
the mainline track was being dismantled 10
minutes after the last high speed train had
passed.

Double the usual volume of ballast was laid in
one operation, with laser levelling dozers posi-
tioning 500 t of stone in a single 1 km length. An
extremely complex crossover section was re-
modelled by removing seven diamond crossings
and all but three of the 28 points in 56 hours,
providing further evidence of the very fast
execution of this project.

The £85m reconstruction of Charing Cross
station was carried out in the late 1980s with most
of the office development suspended from a series
of bowstring arches assembled at roof level, and
almost the entire weight of the 100x50 m super-
structure hangs from the arches and is supported
by 21 columns, each carrying up to 2700 t on huge
caissons, excavated by hand beneath the original
station vaults. The impressive floodlit arched
gable end provides a distinctive new landmark
on the north bank of the River Thames.
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Mass/Light Rail Transit Systems

Introduction

The increasing congestion of many European
central urban areas has resulted in considerable
emphasis being placed on modern light rail
systems. New lines were opened in the late 1980s
in Nantes, Grenoble and Utrecht, and modern
street tramways developed in Amsterdam and
Basel. In Britain, this approach developed from
the Tyne and Wear Metro, through the Dock-
lands Light Railway to the later schemes planned
for Manchester, Sheffield, Bristol and various
other cities.®

Light rail schemes incorporate driver only;
standard gauge; wholly or partially segregated
rights of way; closely spaced stops; minimum
signalling; and light vehicles capable of negotia-
ting sharper bends and curves and steeper
gradients than conventional rail vehicles. A
largely segregated service is more reliable and
quicker and light rail transit (LRT) can achieve
this at less cost than a suburban railway or metro,
albeit with a lower maximum capacity, and
operates at a level between local bus services and
longer distance rail services. It is likely to cater for
passenger flows between 1000 and 20 000 pas-
sengers per hour with a route length unlikely to
exceed about 25 km (15 miles). The accepted
international standard for systems involving
street running is 750 volts DC with overhead
supply, while the third rail is only feasible in
totally segregated situations such as the Dock-
lands Light Railway. Although London Under-
ground and British Rail trains share tracks on
occasions, this is not generally practicable because
of differing wheel profiles, buffing loads and
power supply systems, and it requires the
approval of the Railway Inspectorate.®®

London Underground

General Characteristics Parts of London Under-
ground are over 160 years old, it carries over 3m
passengers per day, the network occupies 400 km
with around 260 stations and has long lengths of
deep, small bore tunnels. During the period 1980
90, passengers travelling on London Under-

ground increased by almost 50% on a rail system
much of which was becoming increasingly out-
dated and dilapidated with extensive overloading
at peak periods, and with escalating repair and
maintenance costs. For example, expensive grout-
ing work was required to prevent water seepage
prior to major underground station renovation
works. Vibrations from passing trains over the
past 100 years, coupled with the age of the
tunnels, has resulted in the grout infill cracking
and causing fatigue of lead caulking in the cast
iron tunnel lining joints.

Rising groundwater levels in London can
adversely affect the drainage of the underground
track and the risk of flooding is likely to increase.
Drainage arrangements on some parts of the
system are in need of substantial improvement
and replacement and in 1987 a seriously defective
section was identified on the Circle line where the
450 mm brick culvert, dating back to the 1860s,
was suffering from encrustation, deposits of silt
and debris and partial collapse. Collapsed drains
can lead to the formation of cavities leaving the
track unsupported. Drain cleaning is normally
carried out by water jetting, followed by closed
circuit television inspection, which shows the
structural condition of the drains and the posi-
tion of pipe entries and ‘lost’ manholes. Remedial
works include the installation of steel ductile iron
or spun concrete pipes where complete replace-
ment is necessary, or the use of polyethylene
flexible liners pulled through the existing drains
using winches from enlarged manholes.

The tragic fire at King’s Cross Underground
station in November 1987 brought sharply into
focus the dilemma facing London Regional Trans-
port, namely how to match limited investment
funds to the often competing objectives of in-
creasing efficiency, attracting more passengers
and improving safety standards. The Health and
Safety Executive recreated the circumstances of
the tragedy and concluded that the fire was
started by a lighted match igniting grease and
fluff below an escalator, and was transformed
into a terrifying inferno by flames being funnelled
up the wood lined escalator trench into the
booking hall igniting everything they touched,
and killing 31 people in the process.



The absence of leaky feeder radio systems was
unfortunate, as they allow communication under-
ground and are deemed essential in the mining
industry and in the Channel Tunnel. This equip-
ment was provided in 48 underground stations
the following year and successful trials had taken
place at one station over an eleven year period
preceding the fire. After the tragedy fire safety
policy was urgently reviewed and many deficien-
cies were identified including the extensive use of
flammable materials. More funds were directed
towards installing new fire safety equipment
such as heat detectors, sprinklers, fire doors and
fire breaks, and the phasing out of wooden
escalators. But even with additional funds the
task of dovetailing modern technology into a
system designed and installed in a bygone age is
formidable.

Extensions to the Underground System In 1989
the Minister of Transport announced the approval
of the extension of the Jubilee line from Green
Park to Stratford, via Westminster, Waterloo,
London Bridge, Surrey Quays, Canary Wharf,
Canning Town and West Ham, thus helping to
open up intensively developed sections of Lon-
don Docklands. The estimated cost was £1000m,
of which the private sector developers who will
benefit considerably from the line, mainly Olym-
pia and York, agreed to contribute £400m, which
was much less than the government was antici-
pating, and was further reduced to £100m in 1990.
The extension, which forms the first new section
of underground line in London since the early
1970s, will not become operative until 1995 and
the final cost is likely to be very much in excess of
the estimated figure. It was, however, feared that
about 100 buildings of special architectural and
historic interest could be damaged by dust,
ground settlement and the introduction of new
structures, because of their proximity to the line,
including buildings around Parliament Square.

However, the developers, agents and occupiers
in London Docklands were very concerned at this
time about the area’s transport problems. They
felt that the planned improvements were insuffi-
cient to keep pace with the development, let alone
ease congestion, and that the government seemed
much more interested in avoiding spending
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money than finding ways of solving the problems.
As described earlier in the chapter, the country
suffered from the absence of a clearly defined and
efficiently co-ordinated transport policy.

Another London rail proposal was announced
in 1989 and comprised a £235m link between
Paddington Station and Heathrow, funded 80%
by Heathrow Airport, a wholly owned sub-
sidiary of British Airports Authority (BAA), and
20% by British Rail. The line is expected to become
operative in 1994 and will run on existing lines
from Paddington to Stockley Bridge and then
underground to Heathrow; the journey time
being 16 minutes to Terminals 1, 2 and 3, and 20
minutes to Terminal 4.

Two other underground lines under considera-
tion in 1989 were to cross London from Chelsea to
Hackney and from Paddington to Liverpool
Street. Work on these rail tunnels would involve
the excavation of between 10 km and 15 km twin
bore drives at depths of up to 40 m, to avoid
building foundations and existing underground
tube and rail lines. The estimated cost at that time
was around £1500m each, but they were not
approved by the government.

London Docklands Light Railway

The Docklands Public Transport Strategic Plan
(DPTSP) discussion document published in 1988
stated: ‘The current public transport system for
Docklands is inferior to that of central London
and also inferior to many areas of inner London
at a similar distance from the centre’. Further-
more, the scale of development exceeds that any-
where else in central London, with 2.38 million m?2
(25m sq ft) of new commercial space becoming
available between 1988 and 1996, and by year
2003, the number of households is expected to
double from 25 000 to 50 000 and the number of
jobs from 40 000 to 200 000, but in the late 1980s
and early 1990s problems were being experi-
enced in the disposal of certain properties.

The Docklands Light Railway (DLR) is the
cornerstone of the London Docklands Develop-
ment Corporation commitment to increasing and
improving public transport in Docklands. It
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commenced with the opening of the 12 km com-
puterised light transit system in 1987, linking
Tower Hill to Stratford and Islands Gardens,
carrying 3500 passengers per hour in each direc-
tion through the Isle of Dogs, and jointly funded
by the Government through the Corporation and
London Regional Transport (LRT). DLR is a
wholly owned subsidiary of LRT. It was however
evident from the outset that the capacity of the
railway was inadequate.

Subsequently the railway was extended west-
wards to Bank Station in the heart of the city and
work was carried out to upgrade and strengthen
the network to meet the increasing demands of
developments such as Canary Wharf, and by
1991 trains had doubled in length and could carry
up to 15000 passengers per hour in each direc-
tion on the section of railway between Bank and
Westferry Stations. The DLR western extension
was funded by Government, through LRT, and
the developers of Canary Wharf, Olympia and
York. The DLR eastern extension between Poplar
and the Royal Docks was opened in 1992, with a
capacity of 7800 passengers per hour and was
funded by the Corporation. The route of the

Docklands Light Railway is shown in Figure 2.13.

Docklands Light Railway uses fully automatic
rail services and was the first of its kind in Britain.
Much of the track has been designed to use
existing British Rail rights of way. The attrac-
tively designed light rail vehicles illustrated in
Plate 1 use an unobtrusive third rail system. By
using lightweight overhead structures, DLR
avoided road intersections and the creation of
isolated pockets of land, cut off by the railway.
The ability to cope with gradients of up to 6% (1
in 17) and curves of 40 m radius, or 25 m on short
sections, also minimised land requirements and
reduced capital costs and disruption.

Hong Kong Mass Transit Railway

It is worth considering briefly the very popular
and world famous Peak funicular railway opened
in 1888, in which the cars are hauled by cable up
the 1350 m long tramway to a height of 395 m at
slopes of up to 27°. Today, one half of the
passengers carried annually are overseas tourists,
40% are local sightseers, and only one tenth are
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commuters. There have been four generations of
tramcars, and extensive refurbishment of every-
thing except the track was undertaken in the late
1980s, with larger cars travelling at higher speeds
and doors on both sides, increasing the number
of passengers per hour in each direction from 600
to 1400. This will allow 3m passengers per year to
enjoy the spectacular views of Hong Kong and
the harbour from the top terminal.#°

The Mass Transit Railway Corporation of
Hong Kong was established in 1975 as a public
statutory body for the principal purpose of con-
structing and operating an efficient and commer-
cially sound mass transit railway. All of the
issued capital was held by the Government of
Hong Kong. MTRC constructed and operates a
38.6 km railway system, comprising the Tsuen
Wan, Kwun Tong and Island Lines, together with
a further 5 km in the second harbour crossing.
The three lines were completed in phases between
1979 and 1986 at a total cost of HK$25b, and the
second harbour crossing between Cha Kwo Ling
and Quarry Bay, 5 km long, and containing both
road and rail tunnels to relieve morning peak
hour traffic congestion, was completed in 1989.
These three lines open up much of Hong Kong
Island, Kowloon and the New Territories.

There were basically four constructional
methods used, namely:

(1) Immersed tube - by sinking and joining
together 14 prefabricated tunnel segments.

(2)  Underground stations — by cut and cover,
using diaphragm, pack-in-place, sheet pile,
secant pile/caisson, soldier pile, reinforced
concrete and steel king pile, and reinforced
concrete retaining walls.

(3) Tunnels - mainly bored including work
under compressed air, with small sections
of cut and cover.

(4) Overhead stations and running line -
similar to flyover construction using con-
tinuous prestressed concrete viaducts.

The 39 stations comprised 30 underground (9 in
bored tunnel), 8 overhead and one at ground
level.#!

During the peak construction period about
8100 workers were employed by contractors,
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comprising about 12% of the total construction
work force in Hong Kong. The approximate divi-
sion of contracts between countries, spread over
the three lines, consisted of Japan 46%, United
Kingdom 22%, Hong Kong 16%, France 11%,
West Germany 3%, Sweden 1% and USA 1%.

The railway employs computerised systems
with the trains themselves being controlled auto-
matically with regard to the regulation of acceler-
ation, braking and coasting and to the control of
speed on each specific section of track. The
ticketing system is fully automatic with both
single journey and stored tickets available. The
eight car trains are air conditioned and each car is
22.5m x 3.2 m, and can carry 2500 passengers per
train at two minute headways during the peak
rush hour. The passenger capacity of each car is
48 seated and up to 265 standing, and trains have
a scheduled speed of 33 kph (20 mph) and a
maximum speed of 80 kph (50 mph). The average
station stopping time in peak hours is 30 seconds
and the trains operate from 6 am to 1 am the
following day (19 hours daily). The passenger
volume on the three lines in 1990 was 2m per day
(two thirds of the London Underground numbers
but on only one tenth of the total length of
London route).4!

In conjunction with the railway construction
and operation, MTRC has undertaken joint
venture developments of large residential and
commercial properties above stations and depots,

which in 1987 produced an income of HK$113m.

Singapore Mass Rapid Transit
System

Planning Although Singapore is only the size
of the Isle of Wight, it has a population of 2.6m,
and boasts a mass rapid transport system that
rivals the largest in the world in terms of
sophistication and innovation. Hence it was con-
sidered necessary to examine the system in con-
siderable detail as there are so many lessons to be
learnt from it. A metro is the most difficult form
of infrastructure that any city can undertake and
Singapore faced many challenges with differing
ground conditions, water problems and dealing
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with hundreds of underground pipes and cables
that had to be carefully diverted to ensure that
utility services remained operative.

The Singapore Mass Rapid Transit System, as
illustrated in Figure 2.14, became fully opera-
tional in 1990 and consists of 42 stations over a
67 km route, connecting the central business
district, various new towns and major industrial
areas, and taking seven years to construct. Fifteen
of the stations are underground, twenty-six are
overhead and one is at ground level. In the early
stages action was taken by government agencies
to prevent inhibiting development occurring
along the preferred routes. There was also con-
siderable attention given to the feasibility of an
all-bus system, as opposed to feeder buses serving
MRT stations. In 1982 the government opted for
the MRT system and announced that it would
finance the initial capital cost (approaching
5$$5000m), but that the revenue accruing from the

s — Choa Chu Kang
—~— - ; 5
% \ \

.jlljh-'.f_!?'.oh N

\ ¥ 1 \ \ | /7
\'\\ ey Bukit Gombak T
side , I'. &

railway operation should be sufficient to cover all
operating, maintenance and replacement costs.
The Mass Rapid Transit Corporation was estab-
lished to plan and organise the works.42

Design It was decided that the system was to
be the most modern available compatible with
the use of components that had been tried and
tested in service under conditions similar to those
anticipated for the Singapore system. The design
life was stipulated as 75 to 100 years, coupled
with a requirement that design should reduce
maintenance to an absolute minimum.#3

It was considered that a maximum train fre-
quency of 32 per hour was comfortably within
the capabilities of modern signalling systems,
with a maximum train load of 2/3 of the crush
capacity of 1800 and an average speed of 40 kph.
Train cars are 23 m long and 3.2 m wide with a
six car formation and a train is shown in Plate 2
emerging from the elevated three track Ang Mo
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Figure 2.14 Singapore Mass Rapid Transit System (Source: T. W. Hulme et al*?)



Kio station. A 750 V DC third rail traction supply
system was adopted to avoid a proliferation of
support standards and wires.

The Singapore MRT was the first to be fully air
conditioned throughout the year and environ-
mental energy costs are high in relation to
traction power. Studies in the final phase showed
that economies of up to 50% of the operating
costs of a conventional system could be achieved
by installing platform edge screen doors to
separate the air conditioned stations from the
tunnels. In the event of this innovation proving
impractical, the conventional system could still
be used.*3

The stations have a platform length of 138 m to
accommodate the six car trains. Elevated stations,
required only minimal air conditioning of non-
public areas, and were relatively simple in layout.
Off-street stations were two level with the upper
island platform served by escalators and stairs
from a ground level ticket concourse. Stations in
the road medians generally had three levels:
plant rooms at ground level, ticket concourse at
first level with direct passenger access by over-
head bridge from the road sides and island
platform at second level. At three stations — Ang
Mo Kio (shown in Plate 2), Jurong and Tanah
Merah - three tracks are provided with two
island platforms, as these stations are all adjacent
to depots or stabling sidings. The third track is to
allow the intermediate reversing of services and
the passage of trains to and from the depot
without disruption to the service. Most under-
ground stations have been strengthened for civil
defence purposes and have gas and blast proof
closure devices.

In all the elevated stations the structural
elements are designed in reinforced concrete and
prestressed concrete, but the structural frame
arrangements differ. In phases I and IA the station
structure was completely separated from the
viaduct structure, whereas in phases IIA and IIB
the platform main beams were supported off the
viaduct columns with elastometric bearings for
vibration isolation. There are also three different
roof styles. Phase I and IA stations were of con-
ventional beam slab construction, although phase
IA had a lattice type extension overhanging the
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track to provide increased protection against the
heavy rains encountered in Singapore. Phase IIA
stations had a reinforced concrete barrel arch roof
of 23.6 m span, while phase IIB stations were
designed with attractive Chinese and Malay type
roofs built off structural steel frames. All three
station designs are illustrated in Figure 2.15.43
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Figure 215 Singapore Mass Rapid Transit
station designs (Source: J. P. Copsey et al*3)
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Viaducts were a dominant feature as there were
nearly 50 km in all and so appearance was an
important factor. They were constructed of pre-
cast prestressed concrete box girders with 25 m
spans, as illustrated in Figure 2.16. This heavy
concrete construction assisted in the suppression
of noise, made use of techniques familiar to the
local construction industry and minimised future
protective maintenance as compared with steel.
Each track was supported independently, thus
limiting damage caused by derailment or other
incident to one track, simplifying erection work
and assisting with the division of tracks at island
stations. A clean horizontal surface was provided
for aesthetic reasons with a curved profile on the
outside edge of each girder to give a slender
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Viaduct structure: (a) section; (b) elevation; (c) box girder section

Figure 2.16 Singapore Mass Rapid Transit System:
viaduct structure (Source: |. P. Copsey et al*3)

appearance and a softening shadow effect. A
graded waterproofed protective screed to girders
drained to 150 mm downpipes at each column.3

The permanent way was of standard gauge
(1435 mm) because of its worldwide use and
consequent expansion of the market for the
supply of equipment. The design criteria included
16 t axle load, minimum 200 m curve radius,
maximum gradient of 3%, maximum cant 150 mm
for concrete track and 125 mm for ballast track,
and maximum cant gradient of 1:500. In curves
with radii smaller than 500 m, high wear resistant
steel grade 110 with a tensile strength of 1080 N/
mm? and about 1% chrome content was selected,
with grade 90 rails with a tensile strength of 880
N/mm? for all other lines.43

Ballast track was used in at-grade sections and
on viaducts as it was relatively inexpensive,
insensitive to differential settlement at viaduct
columns, had good electrical insulation pro-
perties and allowed easy maintenance of cross
levels, alignment and regrading at soft ground
areas. Kempass wooden sleepers from Malaysia
and Indonesia were selected as they were easier
to handle, readily available and could accom-
modate easily the third rail brackets and guide
rail features. When correctly impregnated their
life was considered equal to concrete sleepers.
Continuously welded rail was used throughout.

For tunnel sections, fixed slab track was used
as it provided lasting alignment in the narrowly
confined tunnel envelope, required minimum
maintenance, eased drainage and cleaning, incor-
porated cables and service crossings, and reduced
the depth by 120 mm compared with ballasted
track. Where the route crossed densely populated
areas and commercial districts, floating slab track
was used to eliminate vibrations and secondary
airborne noise inside buildings. The minimum
tunnel size was 5.2 m internal diameter with
reinforced concrete segmental lining. However,
contractors opted for tunnel diameters ranging
from 5.23 to 5.4 m. The only successful sealing
material identified for use with the concrete
segments was a non-soluble but water expansive
resin and synthetic rubber product.

The underground stations were built on the cut
and cover principle using a variety of cofferdam



techniques, including diaphragm walls, sheet
piles, bored pile walls, and soldier piles and
ground anchors. The depth of excavation varied
from 13.5 m (sheet piles) to 25.2 m (Raffles Place -
largest station, using soldier piles, timber lagging
and ground anchors). In addition, tunnels under
the Singapore River and Telok Ayer Basin were
designed as cut and cover tunnels, and the work
under construction in part 1 of the river crossing,
near Empress Place, is illustrated in Figure 2.17.
Figure 2.18 shows sections of underground rail-
way under construction in central Singapore
using the cut and cover technique.

Tyne and Wear Metro

In the United Kingdom in 1989 Parliamentary
Bills were lodged to permit the construction of
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rapid transit systems in Manchester, the West
Midlands, Sheffield, Leeds, Southampton and
Bristol/Bath. In addition, various kinds of rapid
transport schemes were proposed for implemeta-
tion in the 1990s in other British towns and cities,
including Edinburgh, Cardiff, Belfast, South
Hampshire, Nottingham, Norwich, Chester and
Gloucester. The forerunner was the Tyne and
Wear Metro which entailed close collaboration
with British Rail, was completed in 1984, and will
now be examined.

The Tyne and Wear Metro has a total route
length of 55 km, using 42 km of converted British
rail line and 13 km of new track, including
sections in tunnel constructed under Newcastle
and Gateshead central areas and connected by
the Queen Elizabeth II bridge across the Tyne.
Other new sections of track included diversions
from the former BR alignment to link local centres

Figure 2.17 Singapore Mass Rapid Transit System, construction of first phase of tunnel under Singapore River near
Empress Place (Source: Singapore Mass Rapid Transit Corporation)
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Figure 2.18 Singapore Mass Rapid Transit System,
sections of underground railway under construction in
Singapore City using cut and cover principle (Source:
Singapore MRTC)

and new housing areas. The old route linked
towns such as Monkseaton, Whitley Bay, Tyne-
mouth, North Shields and South Shields to New-
castle. It has 44 stations.

The Tyne and Wear system integrated the
Metro with bus services, the British Rail line from
Newcastle to Sunderland, and the ferry connect-
ing North Shields and South Shields. Parking
areas at the interchanges and at some local
stations also allow car users to link into the
system. Most bus services now fulfil the dual
service of feeding the Metro system and meeting
local travel needs, following their restructuring

and rationalisation.#4

The Tyne and Wear Metro is operated by Tyne
and Wear Passenger Transport Executive and
comprises a driver operated light rail system and
accounts for around 47 million passenger jour-
neys annually. The track is standard 1435 mm
gauge and is mainly continuously welded 54
kg/m FB laid on concrete sleepers set in deep
stone ballast, except in tunnels where there are
concrete block sleepers set in concrete. The over-
head 1500 V DC power supply was chosen for
three main reasons:

(1) The Chief Inspecting Officer of Railways
ruled on safety grounds that an unprotected
third rail system would be permissible only
for extensions to existing railways. A stan-
dard third rail system would also be foul of
main line structure gauge for the joint use
BR/Metro sections.

(2)  Third rail systems are more prone to icing
problems than overhead.

(3)  Overhead provides a technically better and
safer system at depots and level crossings.®

At peak periods there are 18 trains per hour
passing through the central area north/south
tunnels and a minimum 12 minute headway to
outlying stations in evenings and on Sundays.
Trains are manually operated but the signalling
and route setting for each journey are automatic.
Once the train’s route is set by the driver, the
route code is fed by wire pick up loops located
between the rails to route setting equipment at
South Gosforth Control Centre. The lineside
signalling and route setting on the journey is
then controlled automatically. System controllers
based at South Gosforth are in radio contact with
drivers and can manually override the computer
operated signalling and route setting if required.®

Stations are unmanned and most are adapted
from old British Rail stations or comprise a basic
design of a shelter with seats and covered in
ticket machine area. Central area stations and
purpose built interchanges are constructed on a
larger scale. All stations have a public address
system and are equipped with CCTV, with video
recording facility, and passenger information
display systems were being developed in the late



1980s. The stations are fully accessible to wheel-
chair users. Automatic ticket issuing machines
and ticket operated entry barriers are provided at
all stations. The Metro participates in the Tyne
and Wear Public Transport Operators Travelcard
Scheme with through ticketing to bus services
and British Rail. 3

The Metro train is an articulated lightweight
two section vehicle, each section being 27.4 m
long and 2.65 m wide, and carrying 84 people
seated and 200 people standing. The door bay
areas are also available for wheelchair passengers
and prams, with ease of boarding being assisted
by the absence of steps from the platform to the
metrocar. The fleet of 90 cars was built by Metro
Cammell and Figure 2.19 illustrates all the main
components.

The preferred extension route is to Newcastle
Airport, 3.5 km long with two new stations. It
was planned for completion in 1992 at a cost of
about £10m, to be shared between the Govern-
ment (DOE under s56 of the Transport Act 1968):
54%; Tyne and Wear Passenger Transport
Authority: 23%; and the Airport Company: 23%.
A further extension to Sunderland was being
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examined for possible completion during the
period 1994 to 2000.

Greater Manchester Metrolink

Greater Manchester is a conurbation of 2.6 million
people, and has in the past been served by buses
and suburban services of British Rail, which do
not link across the city centre, hence the perceived
need to provide a light rail transit system (LRT)
termed ‘Metrolink’ to rectify the transport defici-
encies. Greater Manchester became the first of the
new generation light rail schemes in the United
Kingdom to incorporate street running, and is
likely to be followed by many more. In 1990/91
South Yorkshire Passenger Transport Executive
(PTE) were constructing a line from Hillsborough
to Mosborough and crossing central Sheffield,
and were seeking powers for a second line along
the Lower Don Valley from Sheffield to Rother-
ham. At the same time, West Midlands PTE were
seeking powers to construct a line between Snow
Hill in Birmingham and Wolverhampton, while
Avon Metro were proceeding with a privately

Figure 2.19  Sketch of Tyne and Wear Metro train (Source: Tyne and Wear Passenger Transport Executive)
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sponsored scheme in Bristol. As described earlier
in the chapter Tyne and Wear became Britain’s
first new light rail system and met the recognised
criteria with regard to rolling stock and geometric
standards but was fully segregated and could not
exploit LRT opportunities to the full.

The main aims of Metrolink as identified by
Greater Manchester PTE*¢ were to:

(1) improve passengers’ journeys to and across
Manchester city centre

(2)  link together the northern and southern rail
systems

(3)  offeroverall financial and economic benefits
for the area

(4) reduce the revenue support needed for
local rail services

(5)  improve access to shops and businesses

(6) encourage development of vacant land,
including housing

(7)  assist development of leisure, recreation
and tourist facilities

(8) provide better links with British Rail’s local
and InterCity networks

(9)  help create jobs in local industry.

Parliamentary approval was obtained in 1988
for the first phase of the Greater Manchester
Metrolink at a cost of £140m and it was completed
in 1992. It comprised 29 km of converted British
Rail track on two of the busiest commuter lines
from Manchester to Bury in the north and
Altrincham in the south, linked by 3 km of largely
on-street new track through the city centre as
illustrated in Figure 2.20. It will link for the first
time Manchester’s two British Rail main stations
at Victoria and Piccadilly, together with Deans-
gate station, Piccadilly Gardens, the G-MEX
Exhibition Centre, Town Hall, Arndale shopping
centre and other main shopping and business
centres.

About 45% of the cost was borne by the Greater
Manchester PTE, 45% from the Government
under s56 of the Transport Act 1968, and the
remaining 10% from the GMA consortium, who
designed, constructed, operated and maintained
the system and receive all fares for a 15 year
concessionary period, although the assets in-
cluding rolling stock remain in PTE ownership. It
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Figure 2.20 Manchester City Centre: existing British Rail
lines and proposed Light Rapid Transit line (Source: Greater
Manchester Passenger Transport Executive)

was possible that a European development fund
grant amounting to a third of the cost could be
made.

The overall scheme encompasses a 100 km
network covering six BR suburban lines and
future phases are planned to connect Salford
Quays, Langworthy, Oldham, Rochdale, Glossop
and Marple, for completion in the 1990s, with
priority routes covering Salford Quays, Trafford
Park, Oldham and Rochdale to be constructed as
an early extension of phase 1. This network will
provide a substantial boost to the local economy,
creating new jobs and assisting in establishing
Greater Manchester as a focal point for North
West England. It has the support of all ten district
councils in Greater Manchester and the business
and commercial sector.

Each light rail vehicle comprises a two section
articulated unit and each vehicle can carry 80



seated passengers and up to 100 people standing.
Because they are lightweight with powerful
electric motors they have fast acceleration with a
maximum operating speed of 80 kph (50 mph) on
converted existing railway lines, but at normal
traffic speeds when on the new on-street tracks
through the city centre. The light and clean grey
livery of the supertrams with the orange Metro-
link logo has been designed so that the super-
trams are visible for street running but are not an
over-dominant feature of the urban scene. A new
design of profiled street platform was developed
to give level access at the front door of the train
and a relatively easy two step access at other
doors with a single automatic retractable step. An
artist’simpression of a supertram passing through
central Manchester is given in Figure 2.21.

Off-street the overhead wires are supported by
gantry type structures, while with on-street
sections through the city centre, wires may be
supported by poles placed between tracks, from
transverse wires slung between buildings, or
slung from poles on either side of the track when
they will also carry street lighting, street signs
and traffic lights. Two types of rail are used: a
standard British Rail type for ballasted track
sections and for on-street a wide based grooved
rail finishing flush with the street surface.

Five new stations were built in Manchester city
centre to serve Metrolink and all station features

Figure 221 Artist’s impression of Metrolink super
tram in Manchester city centre (Source: Greater
Manchester PTE)
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and colour schemes were designed to blend in
with the varied surroundings but to retain their
own unique style. The stations are shown on
figure 2.20 and are as follows:

(1)  High Street/Market Street - serving Market
Street area, Arndale shopping centre and
other principal shops.

(2) Piccadilly Gardens/Mosley Street — serving
city centre and Piccadilly bus station.

(3) St Peter’s Square (near the Town Hall) -
serving the Central Library, Free Trade Hall
and Town Hall area.

(4) G-Mex - serving G-Mex Exhibition Centre
and linked to Deansgate station.

(5) Piccadilly Undercroft - situated below
Piccadilly railway station and providing
interchange for local and main line ser-
vices.4’

All stations on the Bury and Altrincham lines
were refurbished to make them more open and
accessible, particularly for elderly and disabled
people and those with prams and pushchairs. In
addition, a large viaduct was built near G-Mex
and a BR underbridge at Old Trafford to separate
BR and Metrolink tracks. Little co-ordination
with bus services was possible because of de-
regulation.

Navigable Rivers and Canals

General Characteristics

An extensive network of navigable rivers and
canals exists in Britain. The navigable rivers and
some of the larger canals carry significant quan-
tities of freight while the majority of the canals
are used mainly by pleasure craft. The largest
navigable rivers in Britain are the River Thames
and the River Severn, but other rivers, such as the
Rivers Tyne, Mersey and Trent have an import-
ant role to play. Admittedly, these rivers are
small compared with many of the world’s great
rivers but they do provide excellent outlets from
ports to the sea.
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Freight Transport

The south west of England has been taken as a
typical example of the extension of freight facili-
ties being made available by British Waterways.
The Gloucester and Sharpness Canal and the
River Severn together provide a significant water
highway from Stourport to the Bristol Channel
for the transport of freight. Wharves along the
route provide cargo handling services and there
are major docks at Sharpness and Gloucester. The
Gloucester and Sharpness Ship Canal is 25.75 km
(16 miles) long with unrestricted headroom,
connects Gloucester to the Bristol Channel and
links with the River Severn, and sea-going ships
of 1000 t deadweight can navigate throughout its
length. While barges up to about 350 t can
navigate to Worcester. In 1990, British Water-
ways Board were formulating plans to improve
the Gloucester and Sharpness Canal and the
River Severn to enable vessels of 2500 dwt to
reach Gloucester and 1500 dwt to reach Wor-
cester.8

Gloucester Docks have undergone extensive
modernisation and improvement and can handle
import and export cargoes for industry in the
south west and midlands of England and Wales,
which have good road and rail links to the docks.
Ships carry goods to and from EEC countries, the
Iberian Peninsula, Scandinavian and Baltic ports.
Transit warehouses are available on a number of

Trees

Hedges and fence .

quays and all operating berths and transit sheds
are approved by HM Customs.

General Canal Characteristics

A typical cross section of a canal is shown in
Figure 2.22 with its watertight bed of puddle clay,
which could be as much as 600 mm deep. Brick or
dry stone walls, often supported on timber piles,
were sometimes provided on the towpath side of
the canal, which followed contours around hill-
sides, to protect the banks from erosion caused by
wash from vessels particularly on sharp bends.
Where provision was made for vessels to moor
on both sides of a canal it was customary to
protect both banks with masonry. In canal restora-
tion work precast concrete piles and light steel
sheet piling have been used.

John Rennie specified brick locks on the Kennet
and Avon Canal in 1795, 24.4 m (80 ft) long by
4.53 m (14.84 ft) wide at the top and 4.22 m
(13.84 ft) at the bottom and 2.75 m (9 ft) deep, with
wing walls at each end extending 5.50 m (18 ft)
from the gates. The bottom of the lock consisted
of an inverted brick arch, 215 mm deep, laid in
water cement on rammed clay or marl. A large fir
sill, row of 100 mm grooved sheeting piles 2.4 m
deep, with 1.50 m of puddle in front of the sheet-
ing, was provided at the lower end of the arch.
The side walls were of best burnt bricks with a

Trees

at boundary - -,
e - Clear channel Aquatic
i Towpath Aguatic (2 boats + 2m) plants
P plants
Ground ) [ Ground slope

slope
varies

Towpath wall/ T g
Drainage bank protection

ditch

Figure 2.22  Typical cross section of canal

~ < Watertightbed _ - -~

/ varies

Depth to suit drafts of
boat using canal



battering face built off the inverted arch and
backed with further brick walls and counterforts
tied to the walls by oak ties. Quoins and copings
were constructed in stone. Substantial fir sills
were provided under the upper gates with a cast
iron plate in the centre of the sill to prevent
damage by boats. The heavy beam under the
lower gates was supported by two rows of piles.
The gates were formed of large oak members all
securely jointed with large iron plates and bolts
and faced with oak planking 56 mm thick. The
soundness of the design and construction is
evidenced by the very long life of most of the
locks.#

The Kennet and Avon Canal was completed in
1810 and is exceptional in that throughout the 140
km between Reading and Bristol there are 104
locks, including the spectacular Caen Hill flight
of 29 locks west of Devizes which rises 72 m in 4
km. Rennie also installed a reservoir and two
pumping stations to provide adequate water to
the summit of the canal and designed simple but
attractive bridges and viaducts. Initially it carried
large quantities of freight but the opening of the
Great Western Railway and the purchase of the
canal by GWR in 1852 resulted in declining use of
the canal and its increasing state of disrepair. The
largely derelict canal was closed to navigation in
1951 but its restoration was initiated by the
Kennet and Avon Canal Trust in 1962. Full
restoration was completed in 1990 with sub-
stantial assistance from British Waterways and
Berkshire County Council. The restoration of
locks and replacement or modification of low
level bridges involved considerable costly civil
engineering work. The reconstruction of locks,
such as Woolhampton, with attractive brick
chambers on concrete floors with new gates, and
brick paved surrounds and suitable landscaping,
has been undertaken with considerable care and
skill 0 A typical canal lock at Cowley near
Uxbridge on the Grand Union Canal is shown in
operation in Plate 37, by courtesy of British Water-
ways, with a canal hump back bridge in the
background.

Plate 3 shows an aerial view of the new
Sprotbrough Lock on the South Yorkshire Canal,
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near Doncaster, under construction in 1980,
adjoining the original lock, while Plate 4 shows
the lock after completion, taken upstream. The
main works comprised constructing a much
enlarged replacement lock 77 m long x 7 m wide
with the walls formed of Nr 4 Frodingham steel
sheet piling, 13 m long, supported by 381 x 102 x
55.1 kg rolled steel channel walings connected by
75 mm diameter high yield steel tie rods at every
sixth pile, through filling on each side to connect
with further steel piling on the waterside and Nr
3 Frodingham anchor piles on the landside. The
piling to the lock was backed with puddle clay
1 m thick. There is further sheet piling down-
stream of the new lock to protect the bank. The
lock gate chambers and the base to the lock were
constructed in reinforced concrete. The water-
way beside the lock was blocked off opposite the
downstream lock gates and the canal realigned to
pass across the line of the original lock, which
was demolished, and the original lock house
replaced by a new control cabin. The project was
designed by British Waterways, Engineering
Department, Rickmansworth, and the works cost
£0.67m.

General Responsibilities of British
Waterways

British Waterways are statutorily responsible for
a large portion of the canal and river navigations
in England, Wales and Scotland. Their responsi-
bilities include operating, maintaining, renewing
and improving the canal track and its associated
engineering structures and features. They also
own extensive land and property holdings with
responsibility for the upkeep of numerous canal
related buildings, and the infrastructure at com-
mercial docks. It is not generally appreciated that
British Waterways administer 3200 km of water-
ways, 1549 locks, 60 tunnels, 89 reservoirs, 397
aqueducts, 983 public road bridges, 2612 accom-
modation bridges, 1715 listed buildings, 130
ancient monuments and 50 sites of special
scientific interest.5!
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Organisation of the Engineering
Function within British Waterways

The organisation of British Waterways was
restructured in 1989, whereby the canal network
was split into six manageable regions, each under
the control of a Regional Manager, assisted by
Waterway Managers who are responsible for all
functions on individual lengths of canal. They
manage the direct labour force whose primary
tasks cover water control, operating locks, attend-
ance at docks, agricultural works, dredging, bank
protection, replacement of lock gates and the
smaller repair and maintenance tasks.

Within each region there is a small central
engineering team responsible for ensuring
engineering standards, safety and the integrity of
canals. Each has a small design team which
prepares, designs and plans for small works to be
undertaken by direct labour or contract. They
also check and approve any third party works
affecting BW’s property, and works of canal
restoration and improvement being undertaken
by volunteers or through Employment Training
Schemes. Building work is dealt with by separate
regional estates teams.

Almost all major engineering works are con-
structed by contract for most of which a central
engineering division either undertakes the
investigation, design, letting of contracts, and
supervision of construction work or, alterna-
tively, instructs and monitors the work of Con-
sulting Engineers.

Public Works Activities on British
Waterways Canals

These encompass a wide range of activities which
can be subdivided into the following categories,
as so ably and fully detailed by Neil Maxwell,
British Waterways Special Projects Engineer
(Gloucester).

(i) Operating: This includes attendance at
locks, bridges, docks, basins and pumping
stations, controlling water supply and flood
waters, inspections, attending to customers using

the canal network and day to day dealing with
adjoining landowners. These tasks are mainly
undertaken by BW’s own labour force.

(i) Agricultural Work and Environmental Manage-
ment: This work includes cutting hedges and
grass on the towpath, cutting back trees over-
hanging the water, clearing undergrowth on
slopes to cuttings and embankments, cleansing
ditches, clearing excess aquatic vegetation from
the canal and keeping weirs and overflow sluices
free from obstructions. Most of this work is
carried out by direct labour possibly supple-
mented by small works contractors. Where pos-
sible tractors and machines are used but their size
and use are often limited by the narrow towpath
and access to it and by structures alongside the
canal.

Dredging is also a major task normally under-
taken by direct labour using BW’s own special
floating dredgers and crane barges. Where access
is possible, land based hydraulic excavators or
draglines are often used, although transporting
and disposing of the dredgings can present prob-
lems.

(iii) Structural Maintenance
(@) Daily and Minor Works
British Waterways’ direct labour force
undertake a variety of tasks to keep the
canals operational, including minor repairs
to masonry, regular painting, and regular
attendance to and replacement of moving
parts in sluices, locks and movable bridges.
Except for emergencies, canals can only be
dewatered during winter stoppages, at
which times repairs and renewals are made
to chamber walls, sills, and gates to locks, to
culverts and weirs, and to underwater parts
of canals. Erosion protection of the banks is
an ongoing task, often using light sheet
piling or geotextiles on the smaller canals
with heavy sheet piles or stone pitching on
the deeper commercial canals. Contracts
are sometimes let for these latter works.
(b) Emergency and Third Party Works
The direct labour force has a major role in
dealing with incidents such as breaches,
leakages and damage to the canal and its
structures. There is a regular requirement



to inspect canals for signs of impending
damage and to check, approve and super-
vise any third party works over, under or
alongside the canal. It is necessary to keep a
lookout for dangers arising from subsidence
in areas of mining and brine operations,
where British Waterways may become in-
volved in the construction of major pro-
tective and remedial works.

(c) Major Works

These can arise from the failure or long
term deterioration of the canal and its struc-
tures, many of which were built some 200
years ago. Such works can include repairs
to and rebuilding of culverts, weirs, locks,
bridges and aqueducts, relining the channel,
remedial works to earth slopes in cuttings
and embankments, and works at reservoirs
to meet the requirements of Inspecting
Engineers. These works are usually under-
taken by contract to designs prepared in-
house or by Consultants.
(iv) Improvements: The need for major engin-
eering investigations and works can result from
proposed commercial freight and property de-
velopments and from changes in legislation. An
example of commercial freight development in
the late 1980s was the enlarging of the Sheffield
and South Yorkshire Navigation, including the
replacement of locks. In the early 1990s British
Waterways were exploiting the property value of
much of their canalside land with major develop-
ments planned in London, Leeds, Gloucester and
Sheffield.

There is a continual programme of strengthen-
ing canal walls, replacing locks, strengthening or
rebuilding road bridges and remedial work to
reservoirs, to meet latest standards and Health
and Safety legislation. This is accompanied by an
increasing programme of minor works to
improve the amenity aspects of the canal, such as
the provision of moorings and angling facilities,
and clearing and reforming towpaths in both
rural and inner city locations. Some of this latter
work is undertaken by contract or direct labour,
but much of it has been carried out using MSC
and Employment Training Schemes, often in
conjunction with local authorities.
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(v) Restoration: Prior to nationalisation in 1948
and up until the 1960s, there was regrettably a
policy of closing down canals. Some were legally
abandoned and frequently filled in and built
over, while others were left to deteriorate into a
derelict condition. However, mainly through
pressure applied by volunteer societies and trusts,
with active support and encouragement from
local authorities, this process has since been
halted and many of the lengths have or are being
restored for pleasure navigation and amenity
use, which is further examined in chapter 8. A
major restoration scheme on the Kennet and
Avon Canal was described earlier. Other notable
restoration schemes included the Basingstoke
Canal (not BW), Huddersfield Narrow Canal and
the Lowland canals in Scotland. Tribute must be
paid to the valuable work undertaken by the
MSC and Employment Training Schemes with
some general assistance and supervision from
British Waterways, which totalled £34m over the
period 1983-89.

Major Public Works Carried out by
Contract

Major engineering contract schemes for which
final accounts were paid between 1985 and 1989 at
a total cost of £35.5m, included Preston Brook
Tunnel (£1.34m), Boddington Reservoir (£1.36m),
Netherton Tunnel (£1.31m), Beeston Weir
(£1.30m), Blisworth Tunnel (£4.22m), stages 2 to 4
of Llangollen Canal (£3.69m), Combs Reservoir
(£1.03m) and Regents Canal Repair (£1.17m). A
further set of schemes completed in 1991
amounted to £20.6m and included the later stages
of the Llangollen Canal, the restoration of the
original Stanley Ferry Aqueduct and many other
worthwhile projects. A selection of the more
unique engineering projects are described later in
the chapter.

All these schemes were financed by grants
from the Department of the Environment, to cover
the cost of major arrears and renewals that have
built up over the years. Additionally, there are
many small contracts and direct labour works
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administered by British Waterways and paid for
out of grant-in-aid and operating revenue, further
monies spent on properties, and works on restora-
tion and improvement schemes most of which
are joint schemes with local authorities and
volunteer societies with only comparatively small
contributions from British Waterways’ funds.

Types of Plant Used

Various types of land and water based plant are
used for canal works, with the actual choice being
governed by the size of the individual waterway
and its bridge holes and the means of access to
individual sites. British Waterways own a con-
siderable fleet of purpose built floating craft,
including bucket dredgers, tugs, crane and lifting
barges, piling barges and boats, hoppers, work
boats and weed cutters. These range from boats
of 2.15 m (7 ft) beam for use on narrow canals to
those of 6.7 m (22 ft) or more used on the larger
commercial canals and river navigations.

Land based plant includes the usual categories
of construction and small plant such as road
vehicles, tractors, dumpers, cranes, pumps and
compressors, although many of these often have
to be restricted to smaller or mini-sized equip-
ment. Mini-tractors and hand equipment such as
mowers and strimmers are used for grass cutting,
while tractor mounted flails and hand methods
are both used for hedging. Around the country
there are a number of repair and plant yards,
some with dry docks, where plant is built and
maintained. These yards also build and install
lock gates.

Problems and Constraints
Associated with the Maintenance of
Canals

Most of the canals were built some 200 years ago
using materials that were locally to hand. With
increasing competition from the railways from
the mid 1800s onwards, little money was avail-
able for maintenance and repairs, except that

needed to cater for essential commercial traffic.
Hence major works were usually confined to a
few days at bank holidays when commercial
traffic could be halted. The position deteriorated
steadily as the railway companies bought out
many of the canals. It was not until the start of
pleasure boating in the 1960s that monies even-
tually became available for their upkeep and
gradual improvement. Consequently many of
the canals and associated structures are in poor
condition and there is still a large backlog of work
required on the limited budgets available, al-
though much has been achieved since 1970.
Furthermore, the change from horse drawn to
propellor driven boats has created more erosion
of the banks, damage to structures, and an
increase in the need to dredge. Likewise, the
change from full-time commercial boatmen
whose livelihoods depended on the canals to-
gether with frequently manned locks and bridges,
to the present day mostly inexperienced holiday
boaters with very few lock and bridge keepers to
assist them has increased the incidence of damage.
With the gradual deterioration of the puddle
clay linings and the banks, leakage becomes more
of a problem. Apart from causing nuisance to
adjoining landowners, it can weaken and cause
earth support structures to fail and it increases
the rate of disfiguration of brick and stone struc-
tures. The bridges, attractive though they are,
were constructed to support the traffic of the day,
and not the present day traffic and farm vehicle
loadings. Increasingly, more attention is being
directed to the rich environmental and heritage
aspects of the canals with consequent changes to
management and maintenance practice.

Constraints in the Design and
Construction of Works

Often very little is known about the original
construction, and this can hamper the planning
and construction of repairs, restoration and
improvement work. Most of the planned work
has to be constructed in the winter months, if
prolonged stoppage of pleasure boating and
financial damage to hire boat operators is to be



avoided. During construction works, it is still
necessary to maintain the land drainage role of
the canal and possibly the water supply along the
canal. Where works are to be undertaken with the
canal in water, then care has to be taken to avoid
breaching the canal, and to maintain restricted
passage for boats where feasible.

Because of the linear nature and often difficult
location of canals, ready access to and along the
canal may be very restricted. This may result in
prolonged negotiations with adjoining land-
owners to obtain access over their land as well as
logistic problems and limitation on size and type
of plant. Adequate attention must also be paid to
the environmental and historic value of the canals
and their structures.

Limehouse Tidal Lock

In 1989 at Limehouse Basin in London, a new
high-tec lock was opened, whereby the large ship
lock was replaced by a smaller lock designed by
British Waterways’ staff, which is more suited to
leisure craft. The new lock was constructed inside
the 90 m by 20 m chamber of the former 120 years
old ship lock. The new lock is 30 m long by 8 m
wide, consuming one tenth of the water used by
its predecessor, and built of concrete walls with
the spaces between them and the original lock
walls suitably filled.

A problem experienced at Limehouse is a
reversal of water level at high tide in the River
Thames and it was therefore decided to install
sector gates that can withstand water pressure
from either side without movement. The sector
gates resist the inflow of silt from the river at high
tides and they avoid the need for an independent
system of levelling sluices. Each gate weighs 20 t,
but the operating cycle is automatic, operated
solely by one BW member of staff at Limehouse
Basin from 8 am to 6 pm daily. The sector gates
were developed by Biwater Hydro Power Limited
over the years and have been used successfully at
other locations on the Thames.

The London Docklands Development Corpora-
tion contributed £1.5m to the cost of the lock.
Because of its proximity to the River Thames,
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LDDC considered that it would aid significantly
the use of waterborne transport of large volumes
of bulky materials during the construction of the
Limehouse Link Road in tunnel from Butchers
Row under Limehouse Basin, Limekiln Dock and
Dundee Wharf to the Isle of Dogs. This form of
transport offered both environmental and func-
tional advantages.>

Reconstruction of Llangollen Canal

General Characteristics

The Llangollen to Chirk part of the canal system
is probably the most attractive of the many
canals built in Great Britain during the 18th and
19th centuries. The Pontcysyllte aqueduct,
which carries the canal 37 m above the River
Dee in a 307 m long continuous structure, is
Telford’s masterpiece on the canal system. For
much of its length in the Vale of Llangollen, the
canal, lined with puddle clay, is benched into
hill slopes and is founded on glacially derived
materials. Major breaches occurred in 1945,
1960, 1982 and 1985. Hence a detailed examina-
tion was carried out of the ground conditions,
behaviour of groundwater and performance of
some of the traditional materials used in the
construction of the canal, including the provision
of many boreholes and the monitoring of piezo-
meters, inclinometers and V-notch readings. This
particular length of canal has a history of deforma-
tions, hillside slippages and water issues from the
embankment, in a complex geological environ-
ment. As a result, this 8320 m length of canal was
completely reconstructed over the period 1982 to
1992 at a cost of about £8m.

As a result of these investigations it was con-
cluded that the 1960, 1982 and 1985 breaches
were caused by leakages resulting from a com-
bination of unusually steep slopes and the
presence of an upper silt layer. The 1945 breach
was attributed to a combination of a steep
gradient leading to a very close unused railway
running parallel to the canal and the high
gradient of the groundwater.

Apart from being a popular boating waterway
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(4000 return trips annually), the canal is a major
conveyer of water. About 45 Ml of water are
supplied daily through the canal to the Hurleston
Reservoir for drinking water supplies.

Reconstruction Works
In general, canals were built in locations where
leakage, although undesirable, was unlikely to
cause structural failure and silt deposition was
inevitable. Puddle clay in these cases was and
continues to be an ideal lining material, par-
ticularly where it conforms to the BW standard
specification. Dredging must be carried out
with care and kept a little shallow to allow
siltation to protect the puddle clay. The natural
structure of the clay provides flexibility, can be
easily repaired and is relatively inexpensive.53
Haider53 has described how for locations where
structural failures could be caused by leakage of
water, the risks are much greater when using
puddle clay as a lining material. Absence of a
deposit of silt over the lining further exposes
the puddle clay to wear and tear. When the
canal is narrow, steering a boat can be difficult
and canal users frequently use poles to push the
craft forward and may easily puncture the
puddled clay in the process. For these reasons,
puddle clay was considered unsuitable for the
lining in the reconstruction work, and other
asphaltic and butyl linings were found unsuit-
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able. The alternative of moving the alignment
away from the slopes of the hillside required
the promotion of a parliamentary bill and was
unacceptable.

Hence a reinforced concrete cross section to
BS 8007 with suitable outside drainage, as illus-
trated in Figure 2.23, was used throughout the
reconstruction. Generally the width of the channel
was kept to 6 m to allow two boats to pass each
other with reasonable tolerances on each side.
In some parts, however, it was necessary to
reduce the width and to provide passing bays.
The rectangular cross section provides a better
section for navigation and also for the flow of
water, which is significant for water supply pur-
poses. Contraction joints were provided at 7.5 m
centres and expansion joints at 30 m centres.>?

It was considered that a rectangular cross
section with straight sides required hand-holds
to provide an escape route for people falling
into the canal. Stepped cattle escapes were also
provided to allow cattle access to and from the
canal as many farmers depend on the canal
water for their cattle and sheep. Ground cover
plants will be grown adjoining the concrete
copings to improve the appearance. Opportunity
was also taken to straighten the canal bank where
possible, thereby increasing the width of the
canal in several places.

Haider®® has described how access for con-
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Figure 2.23  Typical cross section of Llangollen Canal reconstruction (Source: G. Haider53)



struction work on a canal site is often an ex-
pensive part of the project. Invariably materials
have to be handled two or three times.
Backfilling material had to be tipped at a central
point and then transferred by dumpers to either
side.

The transverse and longitudinal drainage sys-
tem incorporated in the new construction, as
shown in Figure 2.23, collects water flows from
the upper water table. Continual monitoring
has shown that the drainage system is providing
the required relief to the perched water table with
the water flows corresponding to the rainfall in
the area.

Stanley Ferry Aqueduct

General Background

Stanley Ferry Aqueduct is a three span pre-
stressed concrete structure at Stanley Ferry near
Wakefield. It carries a canal waterway across
the River Calder alongside the original 1839
aqueduct, which comprises a cast iron trough of
50 m span suspended on wrought iron hangers
from twin cast iron arches and is a listed struc-
ture. Repairs and renovative work were carried
out to the original structure in the late 1980s, as
it had been subject to progressive corrosion and
damage by barges.

To overcome difficulties arising from the
flash flooding characteristics of the river, the
replacement aqueduct was constructed in the
early 1980s in a cofferdam on the southern
approach to the canal and then launched across
the river on hydraulic supports as one complete
unit weighing 2300 t. Cable stays were used to
provide temporary support to the aqueduct
during the launching.

Aqueduct Design

Cost comparisons were carried out on three
alternative designs involving the use of steel,
reinforced concrete, and prestressed concrete.
Prestressed concrete was chosen as it had a
small cost advantage and better long term dur-
abilty. The structure is basically a concrete trough,
consisting of a main central span over the River
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Calder of 42.7 m and cantilever spans of 16.25 m,
thus ensuring adequate unobstructed width of
river and economy of design by equalising
moments.>*

In the design the structure was treated as a
bridge that had to be watertight and resist loads
from water and barge impact, as well as self-
weight. In addition, special features had to be
incorporated to take account of the effect of the
river during flood conditions, when in severe
cases the river water could rise to the top of the
aqueduct walls. Special flood relief valves, as
shown in Figure 2.24, were installed on the up-
stream side of the aqueduct, and these will
remain open during the period of any drain
down to prevent flotation problems with the
trough and overturning of the pier foundations.>

A typical cross section of the aqueduct is
shown in Figure 2.24 giving details of the post-
tensioning tendons, most of which were stressed
from both ends prior to the launch. The level of
water in the aqueduct was assumed to be to the
top of the walls, 600 mm above normal water level
to allow for the bow wave effect. Expansion joints
were provided at each end of the trough, consist-
ing of a continuous neoprene rubber section,
8 mm thick, nylon reinforced, preformed to the
profile of the trough and clamped to the concrete
by galvanised steel plates and stainless steel bolts.
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