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Preface

To indulge oneself in reminiscences is something which occurs all too
infrequently, so this preface affords one of those rare opportunities for which
[ make no excuses. In looking back on the development of my own interest
in industrial archaeology there are several guite specific events which [
remember with vivid clarity as well as others which were no doubr equally
significant but which by their nature are hazy and diffuse. The germ of the
infection was without doubt caught from my father whose mterest in
tumnpike roads led him and later both of us to seck out bridges and tollhouses,
and those remaining milestones which had not been buried or destroyed
the war. A journey by Barton's bus (were Barton's buses really all different?)
from Beeston near Nottingham to Shardlow to see the Aood-damaged
remains of Cavendish Bridge brought me into contact, for the fisst time
consciously, with a place which breathed the atmosphere of the Industrial
Revolution and of past prosperity and activity, the inland port on the Trent
and Mersey Canal with its superh warehouses and basins. There was a magic
about deserted Shardlow. Here was a place where things had happened but
where nothing happened now. On the line of the Ashby and Ticknall
Tramway or the Chamnwood Forest Canal, at King’s Mills on the edge of
Donington Park, beside the remains of the Morley Park blast furnaces at
Heage or the great mills at Cromford, this sensation of place became over-
whelming, the essential ingredient which stimulated the imagination and
brought alive for me the men and horses, the boats, wagons, fames and
smoke of a period which was otherwise as distant and anreal as that of ancient
Egypt or Rome, There were also from time to time mterminable Sunday
afternoons which then passed me by completely, when my fadher’s smoke-
filled study was full too of J. D. Chambers or W. E. Tate or on occasion both.
They were decrying the desecration of Notwingham m a period before a
conservation movement existed — and so the threatened extincoon of the
Collins almshouses in Friar Lane inexorably became a reality. Who could
stand in the way of progress?

Much later, with Michael Rix at Preston Montford in Shropshire, |
realised there were lots of other people with broadly the same sort of interest

181



1z PREFACE

and that it was gaining 4 corporate identity under the name ‘industrial
archacology’. But by then I was already in the busmess myself and the
opportunitics to practise were broadening rapidly. The diversity of the
interest in industrial archacology was, and stll is, astonishing and has
undoubtedly been onc of the grear aids to its rapid evolution over the last
couple of decades, to the growth of a broad base of popular interest and to the
awakening of an active appreciation that the remains of industrialisation in
Britain are the tangible marks of the beginnings of a new civilisation which
a thousand years hence the archacologist and historian will identify, categorise
and possibly revere in the same way as we do the ancient cultures of the
Mediterrancan. With the Industrial Revolution period, however, we have
the opportunity to keep the surviving remains alive because we are close
enough to identify with the people who were involved. This book is largely
concerned with the physical remains as such, with sketching in their historical
and technological background and with guiding the visitor to the place
where his imagmation may be stimulated.

In compiling this work | owe thanks to many people who have offered
encouragement and given me active help and advice. My wife and children
have entered very much into the spirit of industrial archacology; at the age
of four my davghter Elisabeth could recognise a tower mill at half a mile,
model blast fumaces clutter the bedroom of her elder brother Nigel, while
Malcolm, who was bom during Chaprer 4, is already showing signs af
becoming infected too. My colleagues at Ironbridge have made many useful
suggestions and brought to my notice innumerable sites of interest. To Brian
Bowers, Ivor Brown, Keith Gale, Charles Hadfield, John Iredale, Kenneth
Major and George Watkins 1 am particularly grateful, for their kindness in
reading sections of the draft text and giving invaluable comment and
criticism. [ am deeply indebted to Peter Stoddart, who prepared the line
drawings, for his painstaking attention to derail and his sensitivity to the
problems of interpreting mechanisms in what we both hope will be a
comprehensible manner. Brian Bracegirdle was also of very great assistance
with the visual aspects of the book in making available o me photographs
from his wide-ranging collection. Angus Buchanan, whose friendship I have
enjoyed over many years, has been of great help and encouragement to me
and to Kenneth Hudson | have been continually indebred for jerking me out
of those inadvertent lapses into antiquarfanism into which anybody involved
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in archacology is so easily inveigled. Gordon Payne deserves my special
thanks for his numerous and helpful suggestions and his comments on the
draft manuscript.

Many other people have supplied me with information, verified facts and
offered suggestions and without their help this book could not have been
written. In recording their names here [ am expressing my gratitude bur at
the same time in no way wish them to be associated with any errors of fict
or of emphasis, for which [ am wholly responsible: David Anderson, Frank
Atkinson, Kenneth Barton, John Butt, John Cockeroft, Arthur Cormey,
Joan and Roy Day, Paul Elkin, Keith Faleoner, Bill Gilmour, Douglas
Hague, Bob Hawkins, Kenneth Hawley, Dan Hogan, John Hume, Derck
Janes, Michael Lewis, Jeremy Lowe, Morgan Rees, Michael Rix, John
Robinson, John Sawtell, Michael Stammers, John Stengelhofen, Donald
Storer, Michael Thomas, Barric Trinder, Rex Wailes, Margaret Weston
and Peter White.

Ironbridge N. C.



Preface to the Third Impression

Ix o little over the three years since its first appearince, the BP Book of Industrial
Archasology is going into its third reprine, just one indication of the increasing
populasity of industrial archacology in Britain and overseas. Much has happened
since 1975, including the publication of a new jourmal, Indusrrial Archacalogy
Review, produced by Oxford University Press in conjunction with the Association
for Industrial Archacology, and, at 3 more popular level, of the magazine Treustrial
Past;

The Industrial Monuments Survey, administered since 1959 by the Council for
British Archacology, has now pased wholly into the care of the Department of
the Environment, the first step in what it is hoped will be a bigger involvement
of the Deparmment in mdustrial archacology.

There has been comtiderable progress in the ficld of preservation too, incloding
the opening to the public of weam pumping stations at Hereford and Kew Bridge,
and at Hove where the Goldstons engines have become the nuclens of the Brighton
& Hove Engmeeninm. Several major musenm projects are under way of which the
Marth Western Museum of Inland Mavigation ae Ellesimete Port, the Black Country
Miscum in Dudley and the Chatterley Whithield Mining Museam in Stafford-
shire are perhaps the most significant. OF those thar are already open, two, the
Gladstone Pottery Museum in Stoke and the lronbridge Gorge Museum in Telford,
have been named the Museun of the Year 1976 and 1977 respectively. In 1978 Iron-
hridge became the first winner of the new European Museom of the Year Award.

Adapation of mdusirial buildings ro new uses 18 alio becoming widely recog-
titted a3 & meam of allowing an important or interesting building to eam its keep
rather than be dewroyed, St Katharine's Dock in London and Bush's warehouse
in Bristol both now falfil new rales, the former as an hotel, conference and ressdential
camplex, the latrer as a new home for the Amolfini Gallery. Perhaps these encourag-

ing signs will precipitate a more comstructive approach to the finest of our dock-
land monuments, the grear Albert Dock warehouwses in Liverpool,

Neil Cossons
Ironbridge
February 1978



I A Perspective on the Nature of Industrial
Archaeology

I the history of mankind the Industrial Revolution i Britain was a unique
phenomenon whose repercussions have spread throughout the world. We
live today in a society whose economy is essentially industrial, our prosperity
is based on the fruits of industrial activiey and our surroundings, both urban
and rural, are largely the result of over two centuries of progressive
industrialisation. Industrial archacology is concerned largely with those
surroundings. In simple terms it is the examination and analysis of the
physical remains of the Industrial Revolution period.

The traditionally accepted archacologist is one who investigates past
cultures by delving into their surviving remains, and his primary investigative
technigue is often excavation. The results of excavation as a means of acquiring
evidence have enabled archacologists over the years to establish the chrono-
logical and geographical divides in man’s evolution and to classify particular
periods by specific characteristics, often based on a type of technology. Thus
we have periods identified by man's use of stone, bronze or iron implements,
by the dominance of an imperialist culture like that of the Romans, or by
a more straightforward chronological division of convenience, as with
medieval archacology. It might appear logical that the period of indus-
trialisation should receive similar treatment, but until relatively recently this
has not been done. Firstly there was a failure, perhaps because of the closeness
in time, to recognise the full implications of the Industrial Revolution in
cultaral terms, coupled with an all too clear appreciation of the damage and
suffering whach it had caused. On the other hand historians had been looking
at aspects of the industrial period using documentary sources for their
evidence for many years; in other words the accepted investigative technique
was one based on archival rescarch rather than excavaton. The historian,
interpreting his evidence to shed light on the nature of a period, was fulfilling
the same role as that of the archacologist whose only source of information
might be what he found by digging for ic.

However, in the last 20 years or so there has been a growing appreciation

5



I6 A PERSPECTIVE ON THE NATURE OF INDUSTRIAL ARCHAEOLOGY

that the physical remains of the Industrial Revolution period might also
have some significance as sources of evidence. The growth of a widespread
interest in those remains, on the other hand, has been motivated by much
more deep-seated and emotionally based feclings than the purely academic
recognition that they were a source of potentially valuable information, The
mterest 15 more than simply “archacological’, a fact which has led to much
questioning of the validity of the term “industrial archacology” and to an
almost obsessive desire to define it and justify its existence. It is essential,
therefore, in reaching our own definition of the subject not to resort to
excessive pontification or the setting of strict and rigid boundaries around
something which is so new, so dynamic in character and in such a Auid
stage of development, Industrial archacology will define its own boundaries,
techniques and disciplines, given time.

We have suggested that industrial archacology s, in essence, 2 period or
cultural archacology as Neolithic archacology, Roman archacology or
medieval archacology are. It is the archacology of an era, which in Britain
is reasonably well defined, called the Industrial Revoluton. As a term,
therefore, industrial archacology has its greatest relevance when seen in the
context of more traditional archacological period divisions. One of its short-
comings has been the word ‘industrial’, which has created problems of
definition. Some interpretations suggest that industrial archaeology is con-
cerned specifically with buildings and machines directly associated with
industrialisation in the last 23 centuries. Others deny the period division and
regard the subject as covering any industrial activity of whatever date from
flint axe factoties and Roman bread ovens to the Industrial Revolution and
even later. If we accept the traditional archacological approach, however,
induserial archacology might be defined as embracing an epoch in man's
cvolution, an epoch which in this case has been characterised by indus-
trialisation. Perhaps "modern archacology’ would be more apptopriate.

The Industrial Revolution period provides then the core area, the main-
spring of industrial archacology. But there is a diffuse penumbra o, into
which the industrial archacologist, like the archacologist of any other period,
must go to provide a perspective and context for his main arca of interest,
Industmial archacology spreads out chronologically, in terms of subject arca
and in terms of technique well beyond its obvious centre— hence the need
for fexible boundaries. Like any other archacologist (or hiscorian), the
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industrial archacologist must have an understanding of the antecedents of
his particular area of study. Thus the evolution of wind and water power
in the cighteenth and nineteenth centuries can only be fully appreciated in
the context of much carlier developments. But to regard industrial
archacology as being concerned with only industrial activiry within the last
2 centuries or so is also to reject the cultural definition. The industrial
archaeologist, if he is to have any real understanding of the sites and artefacts
of the Industrial Revolution, must look at the landscape in its entirety.
Industnial archacology is in part a landscape study, and the industrial
archacologist cannot restrict himself wholly to the thematic approach. The
Industrial Revolution created a new economy, a new landscape, a new way
oflife, In terms of the lives of all of us, as inhabitants of an industrial nation—
the first industrial nation—it is the most relevant period of our past, not
only because it is the most recent but because the specific changes wrought
during the last 23 centurics provide the foundations of our present society
and of all other industrial socicties throughout the world.

This one word ‘relevance’ provides the key to the phenomenal growth of
interest in industrial archaeology in recent years—a widespread realisation
that this particular period of our past was in world terms unique and that
amongst its physical remains are monuments of outstanding and exceptional
significance. There had been no Industrial Revolution before in the world,
and no other nation’s subsequent progress towards industrialisation had the
same spontancity, generated the same range of technological innovations or
produced the same landscape changes. Industrial archacology was thus born
not out of a detached or academic interest but on a wave of emotional
involvement and a deep-seated feeling that a vital part of our past was being
destroyed. The ambient conditions of the mid-1950s were exactly right for
the growth of this new interest. The postwar years were dominated by a
precccupation with growth in an obsessive, almost nincteenth—century, way -
with the creation of new industry, new towns, a new foundation for future
prosperity— but at the same time coupled quite specifically with the destruc-
tion of much which was old. For once the occurrences of the past provided
the lessons for the future and the new period of exploitation of resources
created a backlash—a vital and dynamic feeling for the environment based
on an appreciation, for the first ime, that it was delicate and sensitive to
uninformed meddling. The Industrial Revolution had provided the awful
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example, and while most people recognised that the worst excesses of
ndustrialisation had to go, they recognised too that socicty was not in a
sufficient state of moral responsibility to prevent the same sort of thing from
happening again. The growth of industrial archacology is just one facet of
this widespread interest in the landscape and its future.

Other factars contributed to the growth of industrial archagology. Not
only did the destruction of huge areas of cighteenth- and nineteenth-century
Britain create a reaction and an awareness of their significance but the
preoccupation with the sumulation of new economic activity resulted in
past periods of growth and their achievements taking on a new fascination.
The physical monuments of those who had so spectacularly generated growth
in the Industrial Revolution were appreciated in 3 way which would have
been impossible in the 19308, when industry was associated in the minds of
everybody with unemployment, decay, desperately miserable towns, and
landscapes of destruction. The mid-rgsos, therefore, saw for the first time
the growth of a national pride in past industrial achievement which began
to counterbalance those adverse social consequences that had formerly
been so wholeheartedly associated with it. There was thus the carious
phenomenon of a new and widespread environmental awareness arising in
response to the depredations of postwar development and the fear that
‘history might itself” coupled with the beginnings of an appreciation
that the hdsttﬁwﬂoluﬁnn p-frincl. so long E:fd in tjisrcgard, *Egsn::'vcr}-
special significance and that some of its physical remains formed, in effect,
the real and tangible evidence of the erigins of our present culture. This
paradox has caused the industrial archacologist some difficuley in establishing
his credibility, particularly when it comes to the preservation of sites and
areas which are historically significant but are ouside the currently accepted
and relaavely narrow areas of contemporary aesthetic appreciation. Never-
theless, within this new climate of environmenzal and historical awareness,
industrial archaealogy was able to grow from a seed into 1 sturdy sapling.

The factors providing the essential motivation for the widespread interest
in industrial archacology were therefore numerous, embracing not only the
recording .of the archacological evidence which sites might hold but the
desire to preserve a vital part of the national heritage. In addition came new
interest, in the aesthetic aspects of industrial artefacts, a further stimulation
to the enthusiasm for things mechanical which had always had a large
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following, and more recently the appreciation of some of the possible social
benefits which the conservation of, for example, industrial residential areas
might have. Industrial archacology has thus grown to be a broad-based
study encompassing more than the words ‘mduostrial’ and ‘archacology’
would seem to imply, It is already inconceivable that another, mare appro-
priate, term will ever emerge to supplant it “Industrial Archacology’ is
obscure in origin but was probably coined in Manchester in the early 1950s.
Its first appearance in print occurred in 1955, when Michael Rix published
an article in The Amatewr Historian emphasising the need to record and
preserve the remains of mdustrialisation before they disappeared.

The dynamism which has characterised the growth of industrial
archaeology over the past few years has resulted from the fact that large
numbers of people with differing backgrounds of work and education can
make a real contribution to its advancement. As a study it draws its life-blood
from a wide variety of disciplines, demanding an appreciation on the one
hand of ¢conomic or social history or geography and on the other of a
knowledge of mechanical or civil engincering, of metallurgy or architecture.
But because it is so all-embracing, almost anybody, regardless of any
specialist knowledge or skill, can make a contnbution in one way or another.
Industrial archacology, like the other archaecalogies, has attracted 3 wide
variety of people from many different walks of life, and numerous local
socicties have been formed. Unlike traditional archaeology, however,
industrial archaeology has not developed a caucus of trained professionals—
there is as yet no way of becoming a qualified industrial archacologist.

This broad base of awareness which enabled industrial archacology to gain
ground so rapidly has been both its strength and its weakness. Lacking
respectable academic onigins, industrial archacology has been the subject of
considerable eriticism, its inter-disciplinary nature and absence of accepted
technical standards making it unpalaable to many maditionally based
academics. Nevertheless the problems of industnal archacology have caughe
the imagination of large numbers of people, who as amateurs or professionals
are rapidly gaining the skills necessary to achieve the right sort of standards,
Industrial archacology has developed, generally speaking, outside the orbit
of traditional archacological acuvity, and only very recently have industrial
archacologists begun to pick up the well established techniques of the
traditional archacologist and apply them to this new study. There are few
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practical techniques peculiar to industrial archacology, although some, such
as the recording of machinery and various aspects of conservation, posc
specific problems which will undoubtedly provide the foundation for con-
siderable industrial archacological research in the future.

It is becoming increasingly clear that the industrial archacologist by
working in the ficld, analysing sites, can make a real contribution to our sum
total of knowledge. In other words there is 2 truly ‘archacological’ clement
of the study, the potential of which has hardly been developed. Not only is
the industrial archacologist, in his role as a fieldworker and interpreter of the
landscape, in a position to provide an extra dimension to the existing findings
of historians who have used only documentary sources but there are 3 number
of arcas of investigation where field evidence is itself the primary source.
For example, no documentary information exists to provide a detailed
explanation of the development of iron railways, or plateways, from the
mid-cighteenth century onwards. Archacological evidence alone exists to
reveal the regional differences between various types of primirtive plateway,
the technology of their track systems; rail and sleeper design and earthworks.
Documentary evidence fails to provide information on the philosophy
applied to their capitalisation but the industrial archacologist in the field,
using the simplest techniques of observation and surveying, can readily
appreciate the fact that some carly railways were literally laid on the existing
ground surface while others, designed o fulfil the same function, needed
massive carthworks with major embankments, curtings and bridges.

Similacly, industrial archacological investigation has provided conclusive
evidence of the evolutionary stages in the tansition from timber to iron
framing in factory buildings. Again, no extraordinary techniques have been
used, merely those already developed by historians of architecture; but
without the availability of the physical remains of the buildings themselves
our understanding of this fundamental advance in strucrurs] engineering
would be incomplete. Metallurgical analysis applied to the slags of carly
blast furnaces provides yet another example of physical remains vielding
evidence of valuc. Although by no means restricted to Industrial Revolution
sites, slag analysis enables the historian of metallurgy 1o gain 3 good idea
of the raw materials used and their sources, the temperatures at which the
furnace operated and the nature of the finished product. As yet in its infancy,
laboratory analysis of slags, and indeed of the meral produces themselves,
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may provide a relative dating technique of great importance.

A completely different approach to site evidence is the area surveying and
mapping of types of industrial installation, warkers' housing, watermills or
mine shafts as a means of establishing distributional patterns. Here the tech-
niques of the geographer and stanistician are required, coupled, as always,
with an understanding of the general picture of economic activity. Relations
can be established between types of waterwheel and the gradient profile
and consistency of flow of streams, between blast furnace design and the
qualities of the raw matenals charge, between topography and the fue
arrangements -of lead smelters and berween surface geology and road
turnpiking. These are all simple examples of the role field evidence can play
i the assembly of information. The industrial archacologist then is a
correlator of evidence, synthesising data from documents, maps and field
remaing to gain a general picture.

The artefacts of industrialisation can in other ways also provide an
appreciation of the evolunon of technology which would be quite impossible
from documentary sources. Many of the innovations which formed the
basis for progress in the cighteenth and carly nincteenth centunies were
brought about by craftsmen whose contribution was rarely, if ever, docu-
mented. Frequently the situation arises of a company with substantially
complete commercial records being able to give no information at all on the
manufacturing processes which provided the foundation of its existence.
The key to the understanding of these processes 1s in the surviving artefacts,
which may take the form of the manufacturing equipment or the products
that were made with it. They often also provide an insight into the lives and
intellects of the people who made and worked with them far more potent
than any written evidence could do, even supposing it existed. The craftsman
as an innovator as well as a producer, pemsonally and physically involved in
the manufacturing process, using the craft <kills he had acquired through an
apprenticeship and which he applied intuitively in his everyday work, was
fundamental to the progress of industrial technology. James Nasmyth,
himself an inventor of some stature, wrote of that great craftsman, entre-
prencur and innovator Heney Maudslay, with whom he worked for a time
a3 an awistant: ‘To be permitted to stand by and watch the systematic way
in which Mr. Maudslay would first mark or line out his work, and the

masterly manner in which he would deal with his materials and cause them
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to assume the desired forms, was a treat beyond all expression. Every stroke
of the hammer, chisel or file, told as an effective step towards the intended
result, b was a never-to-be-forgotten lesson in workmanship in the most
exalted sense of the term.” Herein hies what much of industrial archacology
is all about: appreciation and understanding of the genius for innovation
and the skill in making things combined with recognition of the practical
and aesthetic qualitics of workmanship, for which the original object is
essential,

The physical remains of industrialisation thus far transcend in importance
their role as pure historical evidence, which fact has provided the primary
motivating spirit behind the widespread interest i industrial archacology.
To an increasing number of people the engines and machines, factories,
mills and warchouses, canals and railways which came to dominate the
landscape in the last 2 centuries have become significant as part of our
cultural hentage; they are implanted in the subconscious of innumerable
ordinary people who, with no background of scholarship or training in
artistic or architectural appreciation, find themselves responding acsthetically
to the sweep of a milway curving through a wooded valley, to the triumphant
striding of a viaduct, to the sound and smells of a perfectdy running mill
engine or the rhythm and symmetry of an cighteenth-century textile mill.
Mot only do these monumenss to industrialisation represent 4 fimcrional
perfection of design but their heroic scale, often so perfectly assimilated nto
the landscape, excites the imagination and stimulates the senses. They
represent the skill and inventiveness, adventurousness and suffering of the
first Industrial Revolution. Their study and preservation is the justification
for industrial archacology.

THEGROWTH OF INDUSTRIAL ARCHAEOLOGY

As we have seen, industrial archacalogy is relatively new, but some people
had been concerned with it very carly on. As early as the Great Exhibition
of 1851 it was appreciated that there were rechnologically important
machines datng from the early years of the Industrial Revolution that were
worthy of presentation to the public. The beginnings of what is now called
the Science Museum, in London, were a tangible expression of this apprecia-
tion, and items such as early stationary steam engines and railway locomotives
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were collected and preserved. Indeed the importance of preserving loco-
motives was recognised at a remarkably early date, with the resule that
Britain, the birthplace of the steam railway, possesses a very complete serics
of early examples, including, in the Science Museum alone, Puffing Billy of
1813, and Racket, Sans Pareil and Novelty of 1829, all three of which. were
competitors at the Rainhill trials. Muscums in Edinburgh, Newcastle and
York also contsin pre-18j0 locomotives. The York Railway Museum,
opened in 1928 by the London & North Eastern Railway in the aftermath of
the Stockton & Darlington Railway centenary celebrations of 1925, was the
first large muscum of its type, and another exhibition, in Newcastle-upan-
Tyne, provided the initial collections and led to the opening there of the
Museum of Science & Engineering in 1934. These are all museums of the
traditional type in which exhibits are collected and brought into 4 building
where they are, space permitting, exhibited to the public, and the justification
for most of these early collections was that the items in them represented
outstanding contributions to the development of engincering and technology;
in many cases they were ‘firsts’. Little if any recognition was given to the
social or economic context of the material collected.

Active study of at least the technological aspects of industrialisation is
also much older than industrial archacology and centres largely around the
work of the Newcomen Socicty, which was formed as a result of the James
Watt eentenary celebrations held in Birmingham m 1919: Its object 15 to
support and encourage study and research in the history of engineering and
technology, and the prescrvation of records, both technical and biographical
Although the socicty takes its name from Thomas Newcomen (1663-1729),
the father of the steam engine, its interests cover all aspecrs of industnal, and
in some cases pre-industrial, technology, The Transactions form an invaluable
source of information, and to thesc and the dedication and enthusiasm of
Newcomen members over more than o years, industrial archacology owes
a great debr. There were, of course, individuals working in the field and
publishing the results of their work in the transactions of local archacological,
historical and philosophical societies. An carly and unusual example deserves
note because of its title, “The Archacology of the West Cumberland Coal
Trade' by lsaac Fletcher, published in the Transactions of the Cumberland and
Westmorland Antiguarian and Archaeological Society in 1878, but there is no
evidence that this use of the term "archacology” in the context of industrial
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rermains had any influence on the development of the modemn term 8o years
later.

The spontancous growth of industrial archacology in the late 10508 and
early 19605 manifested itself in a varery of ways. Workers' Educational
Assoctation and University Extra-Mural Deparrment classes were some of
the first "formal” gatherings of people interested in the subject, together with
anumber of regional conferences from which grew the first local industrial
archacological socieries. Almost invariably the driving force behind these
newly formed groups was the need 1o record industrial monuments before
they were destroyed, and the early lead given by the Council for British
Archacology (CBA) in establishing a basic recording system provided a
focal point and sumulus of considerable importance.

In 1949 the CBA established an Industrial Archacological Research Com-
muttee as a means of extending into this new field ite existing role, which it
had played since its imception in 1945, of coordinating the work of regional
archacological societies. Subsequently an Advisory Panel was set up as a
sub-committee of the Rescarch Commuttee in order to develop policies for
the recording of industrial monuments and, in the event more important,
procedures for ensuring that they received the right sort of legislative
protection. The then Ministry of Public Buildings &Works, the government
deparement responsible for scheduling ancient monuments, also recognised
at least the theoretical need for an active policy towards the recording and
preservation of industrial sites and, in conjunction with the CBA, launched
the Industrial Monuments Survey (IMS). Rex Wailes, a pillar of the New-
comen Society and an authority on windmills, was appointed full-tme
consultant to the Survey, and he undoubtedly played an important role in
his travels throughout the country in stimulating industrial archacological
work at a local level, Later the Survey was transferred to the care of the
CBA, ro whom the Ministry, now part of the Department of the Environ-
ment, makes a cost-covering contribution. On the retirement of Mr Wailes,
Keith Falconer was appointed Survey Officer, reporting to the Advisory
Panel and the Research Committee. His work, carried out on a region-by-
region basis and in consultation with mmumerable local heldworkers,
cnables the CBA to recommend industrial monumens for Scheduling,
under the Ancient Monuments Acts, and Listing, under planning legislation,
thus bringing industrial archacological sites into line in law with those of
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ather penods.

As part of its policy to embrace industrial archacology, the CBA also
iitiated a record card system with the object of establishing a “national
record’ of industrial monuments and provide the Survey with a hasis for
defining its priorities for listing and scheduling. This system was based
on a record card designed to be filled in by fieldworkers and, despite its
well recognised inadequacies, this National Record of Industrial Monuments
(NRIM) has provided the only theoretically comprehensive and all-embracing
record of mdustnial sites for over 10 years. In its carly years the NRIM
suffered from lack of a tight definition of how the cards should be used
and, with their compilers ranging from groups of schoolchildren to trained
engineers, architects and museum curators, the resules have inevitably been
uncven. Not only is there a wide vanation in the quality of the entries but
their spread nationally refliects the distribution of active fieldworkers rather
than of industrial sites, Very few local societies have systematically used the
CBA card as the basic recording mstrument to work over an area, although
mdividuals with speculist interests have made attempts to cover specific
subjects comprehensively. Despite these failings and the facr that the NRIM
has not provided its originally intended service to the Industrial Monuments
Survey, it is the only exisung record with anything like a national coverage,
and although it does not generally offer much information on specific sites,
it could form the basis for a national inventory.

An important contribution to the admimstration of the NRIM came in
1965, when ¢ had become increasingly clear that the CBA and its Survey
Officer could not offer the secretarial facilities necessary to operate the
system properly. As a result the Director of the Centre for the Study of
the History of Technalogy at the University of Bath, Dr R, A. Buchanan,
offered to provide a base for the Record, and it has been operated from
there ever since. Cards are filled in and rerurned to the Centre for copying.
The original is returned to the ficldworker concerned and the three copies
made are filed for reference, one with the CBA, one with the National
Monuments Record and one at the University of Bath.

Industrial archacology, however, has now outgrown the sort of record
represented by the NRIM, and important decisions about its future must be
made before long. Most important pethaps is the need to make clear 1o local
societics and individual ficldworkers what the needs are, paricularly in



26 A PERSPECTIVE ON THE NATURE OF INDUSTHRIAL ARCHAEDOLOGY

relation to sites which are threatened with destruction. Here the continued
existence of the NRIM, unless supported by other mechanisms for more
sophisticated recording, could form a positive drawhack to industrial
archacology, as many people, having filled in 4 card, feel that they have
fulfilled the necessary archacological obligation towards a site abour o be
destroyed.

The situation today then comprises a basic national record in the form of
the NRIM, the CBA Survey Officer in close touch with appropriate inspectors
and investigators in the Department of the Enviconment, and a wide variety
of regional recording systems ranging from the superb work of the Royal
Commission on Ancient and Historical Monuments of Scotland (unformu-
nately not paralleled in England and Wales), to building surveys by schoals
of architecture, photographic and drawing surveys by some local authorities
and, very selectively, by the Natonal Monuments Record, and various
record data assembled by some museums. The asembled informarion
compiled over the years by the CBA Survey Officer provides a surprisingly
comprehensive basic record of sites, while there are certain specialist records
such as that of wind and warermill sites put together by the Wind and
Watermill Section of the Society for the Prowetion of Ancient Buildings.
As if this is not enough to bewilder the newcomer anxious to make his
contribution to industrial archacology, he is also faced with an increasing
number of local or regional gazetteers of sites covering, for example, Devon,
the Bristol area, Bath, Greater London, Hertfordshire, Bedfordshire, Sussex,
Wiltshire and Lancaster.

How then can the uninitiated amateur make contact with what is going
on in his region? Firstly, thete are the numecrous local societies (listed in
Appendix 3) which cover much of the country. If there is na local socicty,
contact with the Council for British Archacology may result in a link being
established with one of the fourteen regional CBA groups, some of which
have industrial archaeology sections. If nothing comes of this approach, try
the Jocal museum, which may afford one an opportunity to be involved in
survey work and/or 3 practical contribution to preservation, Lastly, but
pethaps most important, there are WEA and university extra-mural cotrses,
which teach the techniques and at the same time allow one 1w participate in
what work is going on. Although only the two universities of Newcastle-
upon-Tyne and Hull have staff tutors concerned specifically with industrial
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archacology, almost all run courses of some sort, usually with outside
lecturers.

One of the curious aspeers of the development of industrial archacology
over the last 20 years has been the absence of any central sodiety or co-
ordinaring body concerned specifically with its needs. The nearest approach
has been the CBA's Industrial Archacological Research Commitiee, In
other branches of archacological activity the situation is quite different;
there are a number of pational organisations representing all aspects and
periods of traditional archacology, rogether with specific societies covering,
for example, prehistoric, medieval and nautical archacology. In addition
there are organisations such as the Victorian Society or the Georgian Group,
concerned primarily with architecture but impinging on industrial structures
10 some extent. The Newcomen Society, though already well established
and respected in the field of engincering history, does not fill the apparent
gap. as its concern 15 by no means primarily ‘archacological’,

This central “vacuum' within industrial archacology was partially filled
until quite recently by two things. One was the journal Industrial Archaeology,
inaugurated in 1964 and still the only natonal periodical for the subject in
Britain or, for that matter, anywhere in the world. Initially edited by
Kenneth Hudson, whose book of the same title published in the previous
year was the first general text on the subject, it is now published m Scotland
under the editorship of Dr John Butr of the University of Strathelyde. The
other focal point for industrial archacology in Britain was the annual con-
terence held initially in the Univemity of Bath, which from 1966 onwards
provided a yearly opportunity for industrial archacologists to- assemble,
exchange views and discuss mutual problems. Before long it uprooted itself
and moved to Bradford, Glasgow and, in 1973, the Isle of Man. By now the
need for 3 national organisation was becoming imperative, and it was this
annual conference which provided the obvious opportunity tor its concep-
tion. Inaugurated in March 1974, the new Association for Industrial Archaco-
logy has been set up to represent the interests of industrial archacology at
a national level, to assist and coordinate the work of existing regional groups
and to continue the well established pattern of annual conferences. A Bulletin
is produced six times a year. The AIA has not been formed to compete with
or replace the CBA, or to challenge it relation with govemment depart-
ments, but to strengthen its hand, press for more support for industrial
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recording and conservation and improve the ‘watchdog’ surveillance so
necessary to prevent important structures being demolished willy-nilly.

CONSERVATION

The dynamic growth of industrial archacology throughout the 1960s was
mstigated by an awareness that Britain's industrial heritage was vanishing
and the new ‘movement’, if such an all-embracing term is appropriate,
manifested itself in two quite separate bodies of activity—those who recorded
and those who conserved. Naturally enough there was some overlap
between the two but distine areas can nevertheless be idenrified, with loeal
industrial archacological societies engaged primarily in recording, an
increasing number of established museums expanding to embrace industrial
archacology and, perhaps most important, a wave of trusts being set up to
preserve induserial monuwments in situ.

Wi have already touched on the involvement of museums, both nationally
and locally financed, in industrial preservation well before industrial archaeo-
logy was bomn. The Science Museum in London needs no introduction as
the national museum of science and technology, while the three other
national muscutns, in Cardiff, Edinburgh and Belfast, all have well estab-
lished departments of industry or technology with trained curatorial and
technical staff. From the point of view of conserving industrial artefacts,
however, all have reached thar situation in which the museum as a building,
as opposed to the musenm a¢ an institutional organisation, is now markedly
unsuited for what it has always traditionally been supposed to do. The
reaction has been curious and not altogether satisfactory. Some museums
have bent over backwards to continue their traditional role, so that one
has the remarkable sight in Edinburgh of an immense industrial waterwheel
incorporated, without the machinery it drove, in a new museum building,
while in the Nadonal Maritime Museum 2t Greenwich the dismembered
vemains of a paddle-tug have been similarly treated. Conservation is 3
function of all museums, and their basic philosophy must therefore stem
from the most satisfactory means of achieving this end. All these national
museums have large items of industrial material in store, which at least
means that they have saved equipment from destruction: it s important
now to ensure that the museums themselves do not destroy primary exhibits
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in order to ‘make them fit’. Clearly there are opportunities, where several
items of the same type survive, to dismantle or section in order to explain
and interpret their method of operation {indeed not enough of this sort of
thing is done with, for example, locomotives), but, as with all other types
of museum collection, the integrity of the primary material must be main-
tained intact. The National Museum of Wales has realised its conservation
responsibilities admirably with the retention in situ of the Dinorwic slate
quarry workshops, and with its plans to develop site museums for coal-
mining in Glamorgan.

Provincial museums have also responded to the demands of industrial
conservation by setting up departments to collect machinery, although
tew have yet had the opportunity to present it to their public. Several have
been able to acquire & suitable site, with its own intrinsic importance, and
develop that as a museum. Thus Leicester Corporation has taken over the
disused Abbey Lane sewage pumping station in the city to preserve the four
beam engines and develop the site as a museum of technology for the
East Midlands. Generally speaking, however, the established local authority
museum has not responded, either through lack of money or lack of interest,
to the conservition demands posed by obsolete industrial buildings and the
machinery they contain. The net result has been the formation of numerous
private bodics, most of which are registered with the Charity Commissioners
as trusts, in order to conserve, usually on site, impartant industrial monu-
ments, It would be wrong to imagine that all these have developed as a
result of the recent growth of mterest in industrial archacology, although by
far the majority have done so. Several wind and warermill preservation
schemes have been going for many years: the Comish Engines Preservation
Socicty, formed as early as 1935 and now incorporated into the Trevithick
Society, preserved several Comish mine engines before handing them over
to the National Trust, while in Sheffield the Council for the Conservation of
Sheffield Antiguitics was instrumental in restoring the cutlers’ grinding shop
known as Shepherd Wheel.

The boom in industrial archacological conservation, however, is much
more recent, reflecting the general growth of the study but more particularly
perhaps the higher degree of general concern abour demalition of historically
imporrant structures and areas of towns. For the first time conservation has
had to become a positive and dynamic force in its own right in order to
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counter the effects of widespread area redevelopment. In the past an urban
area tended to regenerate on a piecemeal basis, 3 building going here and
there and being replaced by another with the same plan and building linc.
Massive redevelopment, stimulated by the blitz but more parnicularly the
motor car, resulted, virmally for the first time, in huge urban areas being
replaced by a totally new landscape bearing no relarion whatsoever to what
was there before. Few people would argue for the retention of most of what
has gone but the great pressures which built up, particularly as the result of
road building, have affected much more of our surroundings than just the
parts that needed replacement; A sudden state of appalled realisation of the
irreplaceable monuments which have been lost, often unwirtingly, has
generated a widespread reaction, and large numbers of people have become
personally involved in conservation projects. The change in the climate of
awareness and susceptibility has been quite remarkable, with terms such as
‘conservation’, ‘environment’ and ‘pollution” receiving such unprecedented
exposure that they have become almost hackneyed. In an era duning which
the word *Victorian' changed from being a derogatory term of abuse to a
mark of approval, industrial archacological conservation became well

Undoubtedly the greatest stimulus to this movement was the destruction
of the Euston arch, Philip Hardwick’s triumphal entrance to the London
& Birmingham Railway. Looking back now on its demolition and the con-
troversy which surrounded it, the Euston arch clearly marked the turming
point; it was the initial sacrificial offering necessary to save succeeding
generations of structures threatened by redevelopment proposals. What is
also particularly pertinent about the Euston disaster is the subsequent
realisation thar the arch would have had even more relevance, signiiicance
and monumentality had it been allowed to perform its original function for
the new station. There have been numerous other losses too, including the
demolition of the world's first shot tower, m Bristol, for road widening and
that of a dightly later bur quite different type in Newcastle-upon-Tyne. In
Glasgow the magnificent Randolph & Elder engineering building has gone,
as has the spectacular group of six Comnish beam engines at Sudbrook,
Gloucestershire, which drained the Severm Tunnel. Other losses, as the
result of fire, have pinpointed the need for vigilance, where empty buildings
are concerned in the case of the great Telford warchouses burned down at
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Ellesmere Port, Cheshire, and over structures which are still in regular
everyday use as demonstrated by the loss of the Britannia tubular bridge
across the Menai Straits.

The requirements of industrial archacological conservation are mulei-
farious, ranging from the site taken over for its historic significance and
preserved as a monument or museum to the need to ensure that important
mdustrial structures which are stll in use, such as bridges and runnels, are
not treated unsympathetically by their owners. In addition there is a growing
appreciation of the possibilities which obsolete industrial buildings offer for
adapration to new uses. Thus maltings have become concert halls or colour-
processing laboratories, warchouses have been converted into flats, granaries
mto offices and mills into hotels. In Liverpool the city council is considering
plans for siting the local polytechnic institute in the empry and long-
threatened  warchouses of Albert Dock, Jesse Hartley's monumental
quadrangle of iron, brick and granite dating from the mid-1840s. This larter
type. of industrial archacological conservation is in many ways the most
encouraging, as it demonstrates the enormous potential which existing
structures have for adaptation and affords excellent opportunities not only
to keep buildings and dying areas alive but also to retain the essential archi-
tectural, technological or landscape value. The industrial archaeologist has
a real and constructive role to play here in the identification of significant
buildings and in ensuring thar the specific features which make them
Important are not compromused.

Far and away the most active sector of industrial archacological conserva-
tion activity is represented by private trusts or museum societies of enthusiastic
part-time industrial archacologists whose initiative, ingenuity and prodigious
energies have resulted in large numbers of new projects being undertaken
in recent years, Many have the support of local authorities and an increasing
number receive grants from the Department of the Environment and, if
they are in Development Arcas, from the national tourisc boards. Most are
concerned with a specific site, such as a watermill or a pumping station, bue
others cover substantial areas within which individual monuments are
maintained. There are an increasing number of open-air museums which
include industrial archacological matenal within the scope of their collecting.
These are the successors of the continental open-air folk museuns in which
an area of land is designated and buildings and machines are reconstructed
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About cighty bodies now administer individual sites, and the number is
increasing almost weekly. A few examples will give some idea of the general
pattern. At Cheddleton in Staffordshire a trust has restored 1o working
condition a water-powered flint mill used originally in the preparation of
flint for the pottery industry. Beam pumping engines have atracted par-
ticular attention, and private groups have restored to steaming condition
the Ryhope water-pumping station in Sunderland, and the Crofton engines
on the Kennet & Avon Canal, Wiltshire, which were used to lift water into
the summit level, Preserved manufacturing sites are less common, bur at
Ruddingron in Nottmghamshire a local sociery intends to buy and restore a
complex consisting of two framework kmitters” shops, together with the
hosier's cottage and store. Metalworking projects include Finch Foundry,
an early nineteenth-century scythe works at Stcklepath near Okehampton
m Devon, and Top Forge, Wortley, m Yorkshire, where wrought-iron
railway axles were made, One of the largest organisations with nationwide
involvement i industrial archacological conservation is the National Trust
which, besides administering the Cornish engines already mentioned, is
responsible for Conway suspension bridge, Nether Alderley corn mill in
Cheshire and several watermills in the Eastern Counties, and windmills such
as Pistone Green in Buckinghamshire and High Ham in Somerset.

Local authority involvement in conservation is very varied, illustrating
clearly the way in which industrial archacology “falls between the stools” of
responsibility. In 4 recent survey on the role of local authorities m industrial
archacological conservation carried out for the Royal Town Planning
Insairute, the replics to questionnaires revealed that responsibility for industrial
monuments rested with departments 3¢ diverse a5 town clerks, libraries,
education, records office, archives, engineers and landsaape architects. Of
the 126 respondents, seventeen said their museums were responsible, while
the greatest majority, forty, said that responsibility rested primarily or solely
with the planning department or with a joint architects’ and planning
department. Even within planning departments a variety of sections held
responsibility; historic buildings was most common, bur urbin renewal,
conservation and environment were also named. It is clear thar industrial
archasology, where it comes mto contact with the established order of
things, be this represented by an archacological body, a university, a govern-
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ment department or a local authority, has not been able to find a logical and
obvious niche in which it can happily be accommodated.

n Sheffield the muscumn has raken responsibilicy for Abbeydale mdustrial
hamlet, with its crucible steelworks and water-powered hammers, and the
same applics in Porsmouth with Eastney pumping station, in Birmingham.
with Sarchole Mill and in Shrewsbury with Coleham pumping station, In
Derbyshire, however, the planning department has taken the iniative over
the preservation of Middleton Top winding engine and sections of the
Cromford & High Peak Railway, and there are innumerable other examples
up and down the country. It is important to appreciate, however, that con-
servation of the industrial archacological assets of a site is not always, or
mdeed usually, the primary motivation behind 2 planning department’s
involvement; the main reason is usually derelict land reclimation, with the
provision of scenic walkways, picnic sites and nature trails. It is essential,
therefore, for the industrial archacological viewpoint to be built into the
decision-making processes when enviranmental conservation schemes of
this type are mooted to ensure that the archacological integrity of sites is not
destroyed. A similar problem arises, although not quite so acutely, with the
application of tourist board capital to conservation projects, as here again it
is not primarily the archacological significance of a site which gains it the
grant but irs potential as a tourist attraction. The problem, then, is to ensure
that the fundamental industrial archacological conservation principles and
priorities are soundly worked out before sites come under the various
competing pressures of demolition and redevelopment.

Another area of growth recently has been in the establishment of open-
air muscums of various types. At Beamish in County Durbam a consortiuim
of local authorities supports the North of England Open Air Muscum, set
up formally in 1970 to establish ‘an open air muscum for the purpose of
studying, collecting, preserving and exhibiting buildings, machinery, objects
and information illustrating the development of industry and way of life in
the north of England. Work 1s now actively in hand on developing the
200 acre site, and the first stage of an cleetric tramway system to transport
visitors around the museum came into operation in the Spring of 1973.

A rather different type of project is the Ironbridge Gorge Museum in
Shropshire, set up under the auspices of a Trust formed in 1068, Here the
object is to establish a ‘nerwork muscum’ in which the buildings, furnaces,
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forges and machinery of this centre of the early Industrial Revoluton will
be preserved in situ. Centred on the Iron Bridge is an area containing many
other remains of carly ironworking, together with coalmining, brick and
tile making and porcelain manufacture. The Coalbrookdale furnace where
Abraham Darby perfected his coke-smelting technique in 1709 was origi-
nally cleared, and a small museum established nearby, in 1050 by the then
owners, Allied Ironfounders, and both are now administered by the Iron-
bridge Gorge Muscum Trust. Three miles away at the other end of the Gorge
is the Blists Hill Open Air Museum, also run by the Trust, which is being
developed as a site on to which buildings and machines can be moved when
they cannot be preserved in sitw. Here are colliery winding engines, a re-
excavated section of canal, blast fumace blowing engines, a printing shop,
a pottery, brick and tile works and numerous other exhibits. Ultimately the
area will become a landscape of the past designed to re-create in operational
form various industries which contributed 1o making East Shropshire so
important in the cighteenth and nineteenth centuries. Most of the capital for
this project, which is estimated to cost something over £ 1 million, has been
raised by appeal wo industry, bur the Department of the Environment has
also made 4 substantial contribution, notably to the restoration of the bridge
itsclf.

The role of the Department of the Environment is fundamental in the
development of industrial archacological conservation policy and practice.
Not only is the Department responsible for the listing and scheduling of
industrial monuments but it also makes available capital grants towards con-
servation work and occasionally maintains sites itself. Numerous projects,
both local authority and private, have received grants from the Ancient
Monuments Directorate, while money for buildings usually comes through
the Historic Buildings Council. It is unlikely that large numbers of induserial
monuments will come wholly under the guardianship of the state, as many
traditional archacological sites do; and perhaps only relatively small-scale
industrial conservation projects need to, Government assistance to private
projects, however, is generally money well spent and a highly effective
method of conservation. It is to the largely unrecognised credit of the
Department of the Environment that it has made special provisions for
industrial archacology; as early as 1965 the Report of the Ancient Monu-
ments Board recognised that the time had come for a set policy for dealing
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with industrial monuments and that this should as far as possible be assimi-
lated, within the framework of existing legislation, into the policy for more
traditional monuments.

The legislative protection for industrial monuments, like government
sources of money, is diverse in nature, agam reflecting the inter-diseiplinary
nature of industrial archacology and the difficulty of fittng it neatly into
existing compartments. The most important protection is scheduling under
the Ancient Monuments Acts, which is designed to register the fact thar the
preservation of a monument is in the national nterest, thereby enlisting the
support of owners and others in the protection of the monument and
minimising the danger of interference with its essential features. There are
now well over 100 scheduled industrial monuments in Britain, Listing is
carricd out under the Planning Acts and is designed to identify and protect
buildings of architectural and historical importance either individually or
in groups, as well as buildings which make an important contribution to a
townscape. Statutory lists grade buildings into three categonies: Grade |
covers those of ‘ourstanding importnce’, totalling some 4 per cent of the
total or about 4,500 in England and 150 in Wales; Grade Il covers buildings
of “special interest’, with particularly important examples being classified as
Grade I1*, the so-called ‘Grade 11 star’: and Grade Il covers buildings that
do not normally qualify for the statutory lists but are important enough to
be drawn to the attention of local authorities and others so that the case for
preserving them may be fully considered. Another important piece of
legislation of increasing importance to industrial monuments is the Civic
Amenities Act 1967, under which conservation areas are designated. OF the
3,000 conservation arcas in Britain, about one-third are estimated to con-
tain industrial buildings and in some, such as the Ironbridge and Coalbrook-
dale Conservation Area in Shropshire, the industrial archacological features
provide the raison d'etre for designation,

In its shore life to date industrial archacology has evalved at a startling
pace, providing a focal point for the interests of many people and affording
a new outlook on a vital period of our past. The haphazard nature of some
of its techniques is perhaps almost inevitable, but the opportunities exist and
are rapidly being grasped for improving the situation and systemarising
without stultifying the further pursuit of information and evidence. Already
industrial archacology can command large television audiences, is making a
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contribution to the growth of tourism and has a rapidly growing range of
literature, all developments which would have been inconceivable 20 years
ago. los growth is likely to continue, with a better organised approach to
recording, particularly in the field of what might be called ‘rescue industrial
archaeology’, the systematic recording of structures before they are de-
molished. In the conservation ficld there may well be a more positive mvolve-
ment of the Department of the Environment in the running and fmancing
of private trusts, and a recognition, hopefully, by the Department of Educa-
tion and Science that the conservation and interpretation of indusmal monu-
ments, even where it is outside the scope of the traditional local authoriry
museum structure, is a vital part of the nadonal picture. The concept of
industrial archacology as 3 fully Hedged academie discipline in its own night
is 2 long way from realisanion, but it may well eventually come. There are
already the beginnings of an appreciation that the physical remains of the
Industrial Revolution contain a body of information whose isolation and
interpretation require a formalised and disciplined approach. Certainly the
role of the amatcur, or rather part-time, industrial archaeologist—distine-
tions between amateur and professional are to a great extent irrelevant—will
expand greatly, although again based on the evolution of accepted standards
of technique, such as those traditional archaeology has established for itself
over the last half~century or more. Industrial archacology is in 2 way ata
turning point, having come through the carly stages of youth to adolescence
and the verge of manhood, In its progress towards maturity industrial
archacology will be seen in a new perspective, and the viewpoint of the
mdustrial archaeologist will become appreciated as an essential element in
the understanding of the society, the economy, the technology and the
landscape of the Industrial Revolution. The aim of this book is to point out
the remains of the Industrial Revolution that survive and to sketch in

something of their context.



2 The Industrialisation of Britain

Tus industrial archacologist, as we have seen, is primarily concerned with
the examination and analysis of the physical remains of the age of indus-
trialisation, accepting, as would the archaeologist of any other major epoch,
that there are specialist antecedents, within various branches of technology,
for example, which must be understood before a full appreciation of the
events of the period itself can be gained. Before considering the areas of
specific interest to the industrial archacologist industry by industry, it is
important to consider the historical, social, economic and technological
framework within which something as complex as an industrial revolution
could occur. The term 'Industrial Revolution” itself has been in commmen
usage now for nearly a century and was coined at least as early as the 1830s.
What was the Industrial Revolution? Why did it happen in Britain first?

Historians have been arguing for three generations over the canses behind
the Induserial Revolution, but the accumulated literature is Jargely the
literature of disagreement. What iz certain is that at some point, prabably in
the second half of the eighteenth century—although some would pus it
slightly earlier—Britan reached the pont of ‘take-off into self-sustained
growth' based on radical changes in methods of production. These changes,
occurring over a relatively short time, had widespread repercussions
throughout socicty, the national economy and the landscape. The changes
were rapid and their results were there for everyone to see. The rate of
change was indeed ‘revolurionary’.

The beginning of the Industrial Revolution, therefore, is marked by the
start of 3 rapid rate of change in the economy from one of a backward or
underdeveloped country toone of a modem industrial nation. In quantitative
terms it might be possible to pinpoint the start of the Industrial Revolution
by identifying the date when the gross national product, representing the
national income or the total value of goods and services produced in the
cconiomy, first began to increase by about 2 per cent per annum, for any
pre-industrial economy would be growing at less than 1 per cent per annum.
This take-off point occurred in Britain somewhere between 1740 and 1780.

37
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One of the problems of using the term ‘revolution’, and it was taken from
what started in France in 1780, is that it implies mstant upheaval, an over-
turning of old values and their immediate substitution by new, a dramatic
change whose beginning can be precisely dated. It appears that this apoca-
lyptic element of comparison is unreal, and this has led many to criticise the
use or relevance of the term atall. But if one looks, from the standpoint of
the second half of the twentieth century, at the changes wrought by the
French Revolution and by the British Industrial Revolution, the eom-
parison-again becomes valid. The eighteenth century in Britain saw changes
which produced similar long-term political effects to those created by the
bloody revolution in France. There was as much, if not more, of a difference
between pre- and post-industrial Britain as between pre- and post-
revolutionary France. The watershed berween the essentially medieval and
the essentially modem economy, if not marked by a sharp ridge, was
nevertheless 2 real one.

Britain was the first country in the world to undergo an industrial trans-
formation of its national economy. This transformation occurred spon-
taneously, without any outside direction, without any conscious policy af
stimulating mdustrial growth, without any momentum being directly
imparted through taxation or through capital being made available, Indeed
the state showed no interest whatsoever in promoting mdustrial activity or
encouraging new skills, The revolution just happened, and we can only
surmise at the reasons why.

It is unlikely that any single factor brought the economy to this point of
take-off. A whole complex of interrelated movements, some with their
origins as far back as the Middle Ages, reacted with cach other to produce
a situation in which the economy "went critical’ in the second half of the
cighteenth century. Once the chain reaction had begun, growth became
more or less automatc. What factors were involved? There were the direct
economic forces of population growth, of agricultural improvement, of
increasing trade and the growth of markets, of capital accumulation and the
development of a flexible banking system, of the breakdown of medieval
conditions of control and regulation and their supersession by those of
competition, of business enterprise, of improvements in communication and
of technological innovation. There must also have been many subtler in-
fluences resulting from deep-seated surrings within sociery—changes in
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religion and conditions of religious tolerance, scientific advances and a
political sitwation in which government, if not giving active support to
industrial enterprice, was at least acquiescent, Conditions of relative stability
in Britain must also have been important. The country became a haven for
political and religious refugecs, many of whom brought with them mang-
facturing techniques and the enterprise necessary to put those techniques
into practice. There were also natural advantages in the availability and, in
some cases more importantly, the close proximity to cach other of raw
materials such as good quality sheep pasture, iron ore and coking coal and
consistently flowing streams for power. Also to be considered must be
those entirely formitous occurrences such as the succession of good harvests
in the 17305, which contributed to general prospenity and the creation of
surpluses, and thus helped to generate a climate within which the other
components of change could interact more satisfactorily.

We are not here primarily concemed with the causes of the Induserial
Revolution but more with the fact of its occurrence and its physical effects
on society and the landscape. Nevertheless it is worthwhile looking a little
decper into causes in order to gain some understanding of the enormous
changes brought about by industrialisation, and to follow them through
into the period of the Industrial Revolution itself. Firstly, population. This
was increasing at the end of the seventeenth century in parallel with a
gradual increase in food supplies. The population of England in 1700 was
probably slightly more than 6 millions; it had mereased to 64 millions by
about 1750 and then started climbing rapidly o reach just over g millions
by 1801, the date of the first census. Economic expansion in the first half of
the eighteenth century was facilitated by two decades of good harvests after
1730. The increase of real incomes provided a market incentive, a stimulus to
producers of goods and imported commodites. The increase in foreign
trade, in addition to the new home demand, was opening up colonial
markets to home manufacturers. Population growth, therefore, was only
one of the features of this first phase of industrial growth, Bur was it in fact
a cause or a consequence of the economic changes? The dramatic growth
sate after 1770 may have been a result of the rise in birth rate, itself resulting
from the demand for labour leading to earlicr marriage and therefore carlier
parenthood. On the other hand social and economic factors such as improved
food supply and better clothing and housing substantially reduced the death
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rate, a trend accentuated by the bcgil:mings of mla"pﬂx inoculation and
improved medical knowledge applied to the feeding of children. In the
middle of the cighteenth century, however, the initial growth took place
before the period of rapid economic expansion and must therefore be re-
garded as ane of its canses. What is also certain is that once the balince had
been tipped in favour of selfsustained growth, an increased number of
consumers and workers became a necessary condition of further industrially
based economic advance.

Population growth was by no means evenly distributed and, once indus-
rilisation had got under way, the e¢ffects of a reorientation of the
population axis were, in terms of landscape changes, of very great impor-
tance. Fig 1 shows population distributions at the beginning and end of the
eighteenth century. In 1700 the population was thickest along a line running
south-west to north-cast through the far agricultural lands of lowland
England. By 1800 that axis had been mmned through 9o degrees and there it
still lies today. The arcas in which industry was centred saw a more rapid
population growth than predominantly rural countics, which, although in
a few small areas suffering 4 decline, continued to grow but at a less rapid
rate. The growth in the new mdustrial areas was not generated entirely
from within, there being massive migrations from the countryside,

By 1831 about one-third of England's population was engaged in industry,
a proportion, but niot of course a total number, which remained more or less
stable throughout the rest of the century. The ‘new population’ was pre-
dominantly concentrated in towns and cities in the Midlands and North.
Previously towns, particularly in lowland England, had been evenly spread
nodal points with primarily market functions. (The arca of densest popula-
won on the 1700 map, Fig 1. stll has this essential character today.) After
the axis had shifted, enormous urban concentrations grew up, London had
always been much larger than all other towns, In 1800 it had nearly 900,000
inhabitants bue there were only fourteen other rowns with populations of
over 20,600. By 1851 London had a population of over 2} millions; by then,
however, there were fifty-four towns and cities with 2 population between
20,000 and 100,000, and seven (Birmingham, Bradford, Bristol, Leeds,
Liverpoal, Manchester and Sheffield) with over 100,000 inhabitants. Of
these only Bnstol lay outside the new axial bele of cconomic and population
Emwr.l:l_
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There were two major factors in the increased agricultural outpur which
went hand in hand with population growth throughout the eighteenth
century. The first was enclosure, the second the superior methods of hus-
bandry and of farming technology introduced by the great improvers.
Both were closely interlocked, enclosure being the essential prerequisite for
the introduction of new techniques. Much of the new equipment introduced
after 1750 would have been useless on the old strips of the open-field system.
Similarly, introduction of new crops or rotations and methods of animal
breeding was out of the question in an essentially feudal agricultural system
where custom, tradition and the standards of the poorest quality cultivator
were dominant. [n other European countries, where enclosure lagged behind
Britain, the introduction of new methods was slower and confined to large
estate farms. Enclosure then was the largest single movement affecting land
use, and therefore output, because it made possible all other innovations.
Enclosure mcreased the cultivable area by eliminating the commons and
wastelands which had been essential rough grazing areas under the old
system, and bringing them into active agricultural use on the regular
sequential basis of the new rotation farming.

By 1750 perhaps half of England (and the open-field system was confined
almost entirely to lowland England) was enclosed. In some areas open fields
had never existed and in others they had been long outmoded, These areas
lay around the edges of 3 core of unenclosed lind with counties such as
Northamptonshire at its centre. The south-west and the grass counties of
the Welsh marches, the north-west and the south-castern counties of Suffolk,
Essex, Sussex and Kent were all substantially or completcly enclosed by the
middle of the century, For the remainder of England the major period of
the enclosure movement was 1760-1815, when most enclosures, in contrast
to the carlier period, were made as the result of Parliamentary awards. Over
1,000 Acts covering 7 million acres were passed between 1760 and 1800,
with a further 800 by 1815, The first batch related generally 1o areas where
grazing and cattle-fattening were the dominant forms of husbandry, and the
latter mainly o arable land, whose enclosure was simulated mainly by the
rise of grain prices during the Napolconic wars. These enclosures took
most of the remaming open fields. Today one or two areas still survive—
Laxton in Nottinghamshire and Portland in Dorset, for example—where
traditional practices are contimued,
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The sequence of events, therefore, was firstly the introduction of new
theories and new crops in the seventeenth century, such as Townshend's
turnip-fed stock, followed by the first stages of mechanisation promulgated
by men like Jethro Tull. Diffusion of these ideas on a wide scale came later
with enclosure and with the increased demand resulting from 2 growing
population, particularly m towns.

Capital availability was significant to this “agricultural revolution’, but it
was much more important to the new industrial entreprencurs. The carly
growth of banks, not only in London but in country areas too, made short-
term credie available for agriculture, industry and transport. By 1780,
when there were 100 banks outside London, a neework of credit extended
throughout the country, facilitating the transfer of funds, the sentling of
debts and the obraining of cash. By the late 1820 there were $54 country
banks, after which numbers declined as they were absorbed into the big
joint-stock banks with their nerworks of branches,

The banks did not, however, provide the key to the much larger quantities
of capital required by industrialists to launch their enterprises. Most manu-
facturing industry was in the hands of family businesses or partnerships m
the middle of the eighteenth century. This was to some extent incvitable, as
without the protection of Limited Liabilities Acts (which did not come in
until 1855-62) each parmer in an unincorporated business was rotally hable
for its debes, however linde he had invested in it The ‘South Sea Bubble”
Act of 1720 had limited the number of shareholders to eight, so unless the
company was set up by Act of Parliament, as a few large enterprises like
canals and later railways were, the corporate responsibilities carried by those
in industry were considerable. Parmers tended, therefore, to be found within
the framework of 2 family or a church where the ties of trust were strongest.
With some sectors of the community, such as the Quakers, family and faith
were often inextricably interwoven, and the fact thar they were debarred
from political positions made them tumn to those avenues which were open
to them—industry and commerce.

Most of the capital that financed the carly phase of the Industrial Revolu-
tion came from two main sources. Firstly, there was accumulated capiral,
the result of the more or less continuous expansion in the cconomy in the
middle years of the cighteenth century before industrialisation really got
under way. Accumulation of capital in the hands of lindowners and
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merchants, for example, was considerable, and much of this found its way
into industry, often industry within the family network. ‘Outside’ capiral
was the other source, the investment by many sectors of the community of
relatively small sums in an industrial enterprise. The landed aristocracy,
traditional holders of wealth, were frequently encrgetic investors and in
many cases financed new industries directly themselves, but the savings of
the professional classes, eraftsmen and working men, often through their
friendly societies, found its way into industry also. One of the great strengths
of industry in Britain, and conversely one of the greatest heartaches when a
company failed, was the broad base of industrial investment, scen ar its
extreme in the capitalisation of the railways,

Another important factor was that, for many industrial enterprises, the
cost of the initial fixed assets was relatively low, so it was possible ro stare
on a small scale and expand almost entirely on the reinvestment of profits.
Technology was relatively simple and the cost of buildings and equipment
not mordinately large. Given technical expertise in the process, perhaps the
most valuable single asset in setting up a new manufacturing firm, it was not
oo difficult to make a start. The number of skilled craftsmen who left
established organisations to set up on their own with no more than the
traditional ‘life’s savings’ was considerable, and an almost typical feature of
some sections of industry.

We have mentioned population increase as an important fctor, represent-
ing both a new source of labour and also a new market for manufactured
goods. Of increasing significance throughout the eighteenth century also
was the development of Bnitain's overseas rading connections. In the 15705
England had one major export commodity in woollen cloth, which
accounted for some 8o per cent of the value of her trade, nearly all of which
was with North Sea ports or the Atlantic seaboard of Europe. By the 1770s
she bad a wide range of manufactured expores, of which wool stll consti-
tured the largest, and a big re-export trade in colonial and expart goods.
Her trade extended not only throughout Burope but to Amterica, Africa,
India and China. Indeed the century after abour 1660 has been ritled the
period of the 'Commercial Revolution’, so important was it to the develop=
ment of merchant organisation, to capital accurnulation and investmient and
to the market opportunities which were provided to the new industries,

Firstly, the collapse of Antwerp in the late sixteenth century as the entrepor
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for Europe led, after a period of initial uncertainty, to English merchants
having to seck their own connections, by sea, with their European markess.
Because the system of money transfer by bills: of exchange was not de-
veloped in these new markets, merchants were bringing back materials for
which there was initially no immediate home sale, including coarse linens,
sugar, drugs, cotton, silk, flax, hemp and timber. In consequence, a thriving
re-export business developed at the beginning of the seventeenth century,
but it gradually declined as the home market became more sophisticated
and as new, often port-located, industries grew up; these industries some-
times used immigrant labour, as with silk weaving, to absorb these readily
available raw matenals. London began to assume the position ance held by
Antwerp, becoming the base for merchants and, as the cighteenth century
progressed, for financiers, bankers, insurance companies and shipping
underwriters.

Before 1640 there was little home demand for the products resulting from
Britain's small but increasing long-distance trade with Asia and America,
which was beginning to thrive on the re-cxport business. Indeed Europe,
by far the largest single market until well into the nineteenth century, had
great attractions to Britain, whose direct access to distant ports enabled her
to re-export directly or process and then re-export the impors resulting
from this trade. The notorious triangular trade with West Africa and the
Americas developed i this way, with weapons and ‘toys' from Britain
being exchanged for slaves in West Africa, and those slaves exchanged for
sugar, tobacco, dyestuffs or hardwood in the West Indies. These imports
were frequently processed in London, Bristol or Glasgow and then re-
exported to Europe. As home demand grew, howewver, the need to re-export
died away, and completely new imports provided the basis for industrial
growth, The Lancashire fustan industry and the Notinghamshire cotton
hosiery trade were both based initially on imported Indian cotton. In a city
hike Bristol a high proportion of the considerable industrial activity became
based on imported raw materials for eventual home consumption. Sugar
refining, sherry blending and wine bouling, chocolate making, tobacco
processing, logwood dye manufacture, cven cotton spinning and weaving
for a short tume, all grew up in or around Bristol because it was the place

of import and thus the logical break-of-bulk point at which to carry out
processing.
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By the latter part of the cighteenth century the *Commercial Revolution®
of the previous 100 years had provided Britain with trading connections
throughout the world, had made London the financial and mercantile centre
ﬂf"Eu;uF; and was producing an accumulation CIECIPSI.III much of which was
finding its way into industrial investment. Much of the profit from trade
went into mining and manufacturing industry. Bristol and London mer-
chants helped finance coalmining and ironmaking in South Wales, and
Glasgow and Liverpool merchants put capital into the cotton industries of
Scotland and Lancashire respectively.

We have now looked at a number of the major factars which combined
to trigger off the Industnal Revolution. One classic prerequisite, however,
of the British Industrial Revolution, although not necessarily of others that
have come since, remains to be examined—the role of technological in-
novation. The development of new technologies was such a remarkable
and obvious feature of the Industrial Revolution that many people have
regarded it as the primary cause. To them the Industrial Revolution was a
rechnological revolution in which new manufacturing machines were driven
by new sources of power in new large-scale units called factories. So en-
thusiastic was Samuel Smiles about this thesis that he wrote in his Lives of
the Engineers, 'Our engineers may be regarded in some measure as the
makers of modem civilization . . ', and then went on to pose the question,
*Are not the men who made the motive power of the country, and 1m-
msc}}r increased its productive strength, the men above all others who have
tended to make the country what it is?” To some extent Smiles was right,
but for new inventions in technology to be relevant a whole range of other
factors, such as those we have already considered, had ro be there oo,

Given these favourable base conditions, there also had to be a will to
generate new ideas and a dlimate in which new ideas, if not universally
acceptable, could find currency amongst other enthusiasts, who would
implement, multiply and perhaps improve upon them. That climate was
growing in Britain throughout the latter part of the seventeenth century and
the whole of the eighteenth in the form of a new class of bourgeoisie,
intelligent but not always educated, well-to-do but not always wealthy,
articulate but motr always cultured, who owned property, manipulated
money or followed one of the growing professions. These were not often
the people who created the new ideas, but they were the ones who were
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prepared to listen, who were capable of understanding and who were
prepared to offer backing,

Another requirement of technological innovation, although not necessarily
of the invention which might precede it, was need. *Necessity is the mother
of invention’ is one of those catchphirases which provides 2 surprising amount
of food for thought. The steam engines of Savery and then of Newcomen
were developed because of the specific problem of draining mines and, at
a much later date, Watt was almost forcibly directed into developing a
rotative steam engine capable of driving rotating machinery because Boulton
appreciated that the need was there. In the United States a different sorr of
necessity in the middle of the nineteenth century resulted in the develop-
ment of sophisticated production machinery as a means of maintaining and
increasing output in the face of an acute shortage of skilled manpower, The
finished product was not necessarily any better, but the technique of making
it certainly was.

Somie inventions relied on intellectual genius, others on the systemartic
mvestigation of possible alternatives until the nght answer came up, and
others still required some almost fortuitous outside factor to intervene.
Abraham Darby I was undoubtedly aware of the social and economic need
for an alternative fuel to charcoal for iran smelting, although how far that
need was being dircctly felt in Coalbrookdale in 1709 is difficult to assess.
The geological accident of the eminent suitability of the Coalbrookdale
"Clod’" coal for making coke for smelting purposes must be borne in mind
when measuring the significance of the coke smelting rechnique which he
perfected. Over a cencury and a halflater another attempt to find an alterna-
tive fuel, in this case the substitution of coal for coke in locomotive firchoxes,
was tortuously pursued for years, with innumerable patents and experi-
mental designs, before the perfection of the brick arch i 1850 allowed
coal to be burne successfully. Successful invention and innovation demand
a number of prerequisites — a climate of acceptability, perhaps the one
feature unique in Britain in the eighteenth century; an obvious need; and
an element of genius, perseverance or opportunism, or possibly all three.

Undoubtedly the cumnlative effect of innovation in technology was
beginning to be felt on a large scale by the end of the cighteenth century.
Using the simple indicator of patents, of the 2,600 for the whole of the
century, more than half were registered after 1780, We must, however,
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allow innpvation in technology no more than its proper importance, for
although the products of many of the great inventive engineers provide
much of the inspiration for the study of industrial archacology, they had
relevance only when combined with entreprencurial ability and the effective
organisation of capital, the market and the methods of production. Thomas
Telford was arguably an orgamiser of men firsc and foremost and an engincer
second. The canal network owed lietle or nothing to advanced technology
but much more to the organisation of large numbers of men and the
mobilisation of capital. In the textile industry a whole range of closely
interlinked inventions provided the baseline from which the industry could
free itself from its medieval shackles, though it was in the factory, which was
primarily a symbol of organisation rather than technology, that the potential
of these mventions was realised, The factory system was being exploited for
its organisational advantages by people like Benjamin Gott in Leeds, for
example, before the advantages of power applied to a multiplicity of
machines were fully realised.

It we accept that the Industrial Revolution had its beginning in the
cighteenth century, when, if at all, did it end? Application of the self~
sustaining growth theory has suggested that 1830 was the terminal date,
the point by which the chain reaction had got going and the cconomy was
in a state of more or less automatic and continuous growth, Certainly some
industries had undergone a complete technological change by thar date:
the textile industry was largely mechanised and power-driven; and the iron
industry, where both cast iron and wrought iron were available in quantity,
was using coal instead of charcoal and the puddling furnace instead of the
finery and chafery. Canals networked the country and, although not
representing any major technological breakthrough, they were an essential
ingredient of mdustrial growth both as an internal transport system and as a
means of getting commaoditics to and from the porss. If ‘revolution’ in this
context only means the period of change from one style of economy to
another, the period when growth rate in the economy accelerated, then the
choice of 1830 has some validity; but if continuity of growth, particularly
growth based on new technologies and new industries, is included. that date
is clearly of no significance at all. Indeed, if we assume continued growth
based on technology and industry, we must seriously ask ourselves whether
we are not still in the peniod of the Industrial Revolution.
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The industrial archacologist needs to take a much broader approach. He is
looking primarily ax the period of industrialisation beginning in the eighteenth
century, but he has to look back beyond that date to find the antecedents, to
explain the evolution of the waterwheel, to understand the transfer from
charcoal smelting to coke smelung, to discover the scientific ground rules
which had been established in the sixteenth century and were implicit in
the development of the atmospheric steam engine, Having accepted that
industrialisation is under way he must apply archacological rather than his-
torical criteria when trying to settle how far he goes chronologically.
The penod of take-off as seen by the economic historian 1s quite unsatis-
factory for the industrial archacologist, who is looking at the remains of
industrial activity over a much longer period. To him the obsolescence of a
process or of a social or economic demand for an industry must form the
terminal enitena; absolute date 15 almost irrelevant.

Let us consider 1830 as a terminal date in relation to the whole period of
industrialisation. Railways were only just beginning to be accepted, the
Liverpool & Manchester Railway opening in thar year. The shipping industry
was still largely traditional and pre-industrial in characer, although steam
power was beginning to be applied. There were no iron ships, let alone steel
ones. Cheap steel was still more than a quarter of a century away, with
Henry Bessemer and the converter. Michael Faraday, in 1831, produced a
continuous clectric current, the beginnings of one of the most fundamental
developments in power for industry of the latter part of the century. These
events and many that have come since are the valid concern of the industrial
archacologist.

Let us examine the magnitude of the cffects of industrialisation en Britain.
The economic consequences are measurable and staggering in their scale.
National income in England and Wales was £130min 1770; in Great Britain
as a whole in 1800 it was £230m, in 1830 £3som and in 1850 Lsa5m.
This shows a doubling of average income per head. By the end of the
ninetcenth century the national income had increased by a factor of about
fourteen and real income per head had roughly quadrupled. Despite the
wraditionally pessimistic view of the horrors of industrialisation seen in terms
of poverty, of appalling living conditions and of periodic heavy unemploy-
ment, the real wages of the majority of workers in British industry were
rising and their living and working conditions, on average, were improving.
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The stanistics of growth for individual industries provide some of the most
startling indicators of the effects of industrial activity. There were less than
twenty blast furnaces in 1760. By 1790 this figure had increased to over
eighty and in 1797 England became for the first time an exporter of iron and
iron goods. There were 177 blast fumnaces in 1805, 372 in 1830 and 655 in
1852. The majority were coke-fired after 1800. Pig iron output increased
from 30,000 tons in 1700 to 250,000 tons by 1805, 650,000 by 1830 and
2 million tons by mid-centary. In the cotton industry growth was still
more spectacular, largely as the result of the improvements made in machine
spinning by James Hargreaves, Richard Arkwright and Samuel Crompton
with the introduction of the jenny, the water frame and the mule respectively.
Import of raw cotton, which was less than 8 million Ib per year in 1780
had nisen to over 25 million |b by 1790, 37°5 million Ib by 1800 and nearly
60 million Ib in 1805. The 100 million Ib point was reached in 1815, 250
million Ib in 1830 and 620 million in 1850, The number of cotron spindles
increased similarly from less than 2 million in 1780 to 21 million by the
middle of the mineteenth century. Mechamsation in weaving of cloth
developed slightly later but, once under way, the results in terms of
production were no less remarkable. With hardly any power looms in 1820
the industry grew to have §0,000 in 1830 and 250,000 in 1850, The cotton
mdustry as 2 whole employed about half a million people in 1830, of whom
about half were working in factories. Over 5o per cent of total production
was exported, representing in value about 40 per cent of all British exports.

"Good roads, canals and navigable nivers, by diminishing the expense of
carriage, put the remote parts of the country nearly on a level with those in
the neighbourhood of the rown; they are, upon that sccount, the greatest
of all improvements.” So wrote Adam Smith (1723-99) in the late cighteenth
century and, without doubt, good communications provided the basis for
the factory growth of the iron, the cotton, and many other industries. In
1750 there were about 1,000 miles of navigable river in England. In the
following century over 4,000 miles of canals had been built, linking the
main industrial areas with the rivers, ports and coalficlds. What is more
significant;, however, is that nearly three—quarters of that canal mileage had
been completed by 1800, thus providing, st the beginning of the Industrial
Revolution period, the consolidation and unification of the English market
that was so essential for growth. The significance of railways was still greater,
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and between 1840 and 1850 5,000 route miles were built, more than the
whole of the country’s total canal mileage. The effects of railways were
felt in many ficlds beyond those connected directly with the transport of
goods. Besides reducing the time and cost of travel and exrending the
communications system over a wider area than that covered by the canal
nerwork, the railways increased the mobility of labour and further en-
couraged concentrations of population, gave an enormous boost to the iron
and engineering industries with their demand for rails and locomotives and
were largely responsible for the new and widespread habit of investment in
industry. By 1850, for the first time ever, a mation was devoting at Jeast
10 per cenr of its toral income to capital accumulation in one form or
another.

In addition to communications, coal was essential to the development of
industry, and the discovery of ways of using coal where once wood had been
essential was a decisive technological factor in allowing many industries to
‘take off”. The use of coal to generate steam removed indusery still further
from irs reliance on nature by reducing dependence on water power, As
carly as the beginning of the eighteenth century England had been unique in
Europe for its large consumption of coal, probably then about 3 million
tons per year. By 1800 it had grown 1o 10 million tons, almost entirely as the
result of increased industrial activity. Coal (in the form of coke) began to
replace charcoal for iron smelting and later for puddling of wrought iron,
it was the primary fuel of the rapidly expanding brick industry and, of ever-
increasing importance, it powered the new steam engines. By 1800 there were
perhaps 1,000 steam engines in use in England, the large majority pumping
water from rivers, About 250, however, were dri ving machines in the cotton
industry and, as the nineteenth century progressed, steam engines increasing=
ly replaced human, animal, wind and water power. Thus, by 1838 the cotton
industry was using 46,000 steam hp and the woollen industry 17,000. By
1850 the textile industry as a whole was using nearly 100,000 steam-generated
hp. All of this was provided by coal. the first taw material in history to be
measured in millions of tons. From 1o million tons produced in 1800 output
grew to 25 million tons in 1830 and 5o million tons in 1850.

These statistical indices of growth tell only a small part of the story of
industrial development in Britain during the cighteenth and nineteenth
centuries, covering up at a single sweep the subtleties of social change and
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enormities of social cost which can never be fully documented. The eemains
of the landscape changes wronght by indusery are still there to be seen and
studied by the industrial archacologist, but the effects on ordinary people
of those changes, the most radical changes of environment which any sociery
had ever experienced. can only be pieced together from fragmentary
evidence. Much of this evidence results from the observations of oursjiders
not directly involved themselves in industrial sctivity—in the dianes of
travellers, the reparts of commissions of enquiry, and the essays of political
writers, all of which reflect to a greater or lesser extent the particular axe
which their authars had to grind. Moreaver, those artists who did not regard
it as beneath their dignity to portray industrial subjects, provide a startling
and perhaps slightly less biased insight into the mature of Industrial Revolution
Britain. But despite these conscious attempts at documentation, objective
or not, the real magnitade of the change in the way of life of the ordinary
man as industrialisation gathered mamentum and eventually became a tide
carrying all before it can never be assessed. He rarely documented himself or
his doings, although his songs have sometimes survived, and his artefacts—
few ot the time—are almost non-existent today, Only the howes in which
he lived and the factories in which he worked provide today a widespread,
tangible and emotive source of evidence which can be analysed, in associa-
tion with oral and documsentary sources, to gain some insight into his way of
life, his atitudes and aspirations, The industrial landscape is the place where
ivall happened and as such represents one of the closest contacts we have with
the people who made 1t happen.



3 Wind and Water Power

Tue twentieth century has wimessed the virtual extinction in Britain of
the use of wind and water power for commercial purposes, Man's carliest
engines, the first mechanisms (o release lum from the slow and redions
fabour of grinding com by hand, have alimost ccased working, The crafts
of milling and millwrighting, pased on without interruption through many
centuries, have also now almost disappeared, and only our nostalgia and
the respect m which we hold these reminders of the beginnings of civilisation
have led us to preserve both windmilly and watermills in considerable
numbers, A few of them are sill working, and i this way we can keep
alive their techmyues of operation

The cachiest application of the power of water was perhaps in the first
century s, probably m Greeee, The carlicst known record of a warermill
in England is much later, in 3 charter granted in Ap 762 by King Ethelbert
of Kent to the owners of s monastic mill cast of Dover. Wind power on the
other hand is of more recent usage, and although early windmills were known
mn Persia and Asia Minor well before the tenth century ap, they do not seem
to have been used in north-west Europe until the twelfth century. The earliest
known in England appears in a documentary reference of ap 1158 recording
a corn mill in the village of Weedley in Yorkshire, It is just conceivable that
sich carly English mills, which are recognisable from illustrations as post
milks, were the first of their type, for there was 3 noticeable spread-of them
castward through Europe during the thirteenth century, suggesting that they
may have developed quite independently of the primitive windmills of
Persia. IF this is so, it represents a significant reversal of the prevailing flow of
ideas from the East, and may be the first example of West European tech-
nology to find widespread use.

Wind power had nothing like the impact water had on the growth of
indiserialisation, for while the waterwheel developed into a reliable, con-
trollable and powerful prime mover for driving a wide variety of machinerv,
often in very large factories, the windmill kept very much to i traditional
role of grinding comn and draining low=lying land, Considerable efforts were
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made to improve its efficiency, but the inherent unreliability of the wind
prevented it being used to drive manuficturing equipment where regular
hours of work and conunwity of cutput were essential. It 35 worthwhile
therefore considering the windmill first, as the story of its evolution and
decline is outside the mainstream of events that led up to and carried forward
the large-scale industrialisation of Britsin during the eighteenth and nine-
wenth centunies. Indeed the improvements made to the windmill, all of
which came after the waterwheel and steam engime were well established,
may be regarded as products of the new technology, used 1o increase the
cfficiency and reliability of cwisting capital equipment in an area where
investment potential was low,

The question of availability of capital was an lmportant one, a5 4 major
obstacle to the use of power during the sixteenth and seventeenth centuries
had been cost, a factor which remained relevant in some agriculrural areas
almost to the end of the nineteenth century. The capial involved in 2 wind-
mill ar watermill relative to the power generated was fairly high, so there
was 3 tendency to perpetuate man- or, more frequently, animal-powered
cquipment. At a later date the same factors militated m favour of the water-
wheel when it came to the guestion of its replacement by steam power. A
number of diswsed horse-powered mechanisms still survive, mainly those
employed for driving farm machinery, but also a few used to raise coal or
water. More often the building alone remains. In a county like Durham,
where horse gins were exceptionally numerous, a typical feature of many of
the farms is an octagonal building with a pointed roof; such buildings ance
housed a horse walking endlessly around a central spindle coupled by drive
shafts to machinery.

WINDMILLS
The ecarliest type of windmill in England was the post mill (Plase 1):
its body, which conmined the machinery and on which the sils were
mounted. stood on 2 central post about which it could be rotated to bring
the sails into the wind. The absence of a dominant wind in Britait meant
that the simpler type of uni-directional mill which originated in east and
south Europe could not be adopted. None of these medieval mulls survive,
but illustranons are profuse, all showmg the post mill in 2 form almost
identical to thowe existing today. St Margaret’s Chuech, King's Lynn,



t A post mill: Drmkstone,
Suffalk

Norfolk (t24/TF 617197), has a mid-fourteenth century memorial brass
depicting a post mill, and representations carved in wood can be seen on a
fifteenth-century misericord in Bristol Cathedral (156/ST $84726) and on 2
sixteenth-century bench end in the parish church of Bishops Lydeard,
Somerset (164/ST 168208), Ths last example clearly shows the sails in their
carhest form, symmietrically mounted on the stocks.

The post mill, even today, is remarkable for s technical Ingenuity,
representing one of the medieval carpenter’s greatest achievements in design
and construction. Ir consisted of a small tmber-tramed building designed to
balance and pivor on a single vertical post, The post was held in pasition by

diagonal quarter bars resting on a pair of cak crosstrees that were arranged
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at right-angles to each other and provided the base for the whole structure,
The weight of the body or ‘buck” of the mill was borne by a transverse
beam, the ‘crown tree’, which rested across the top of the post and way frec
to totate on it Originally un oak pintle would have provided the centre, but
kater an wron gudgeon was wsually fitted. The end of the erown mree carried
the frame of the mill, mornce and tenon jointed and dowelled together,
with timber diagonal braces providing rigidity. Very little iron was used,
From the back of the buck projected 4 tail pole that was used like s tiller to
arient the mill towards the wind. The pole was moored 10 wooden posts
arranged around the arcamterence of the aircle deseribed by s tip. In some
cases, such as in Chillenden Mull, Kent (173/ TR 268443), 3 wheel on the end
of the tul pole helped support somie of the weight of the ail ladder,

Early post milly, like Bourn Mill, Cambridgeshire (114/TL 312580), had a
simple pitched roof but most have the familiar curved shape, providing
greater clearance for the brake wheel, and are generally clad in horizontal
weatherboarding. From the cighteenth century it became common 1o
enclose the underframe in 4 roundhouse, wswally built of brick, with a
conical roof. This provided useful storage and protected the frame timbers
from the weather, Holton Mill, Suffolk (137/TM 402776), has a very typical
roundhouse.

The carliest surviving post mills in England probably date from the be-
ginning of the seventeenth century, when the first dated inscriptions ocour;
the date 1627 carved on 3 timber of Pitstone Mill, Bucks (159/SP 045157), is
perhaps the oldest. By this time a new type of mill had been introduced
from Europe—the tower mill, which possibly had its origins in the fiftcenth
century. In this type of mill the grinding machmety was mounted in 1 fixed
stone or masonry tower, circular in plan and vaually conical in elevation,
On top of the tower was a movable cap on which the windshaft and sails
were mounted, Ouly the cap had to be tumed to bring the sails into the
wind, snd the drive from the windshaft wis transmureed o the millitoncs
mounted in the tower by a central verucal spindle, the main shafi. The early
towens were squat and cylindneaal, ke those sull to be seen in Spain. In
Braitain the type has only survived in Someniet where Aslron Mill, Chapel
Allerton (165/ST 414504), bs the last complete example, It is manmined by
Bristol City Museum and is open to the public. The cap was unally conieal
and covered with thatch or tiles. A thatched cap survives, also in Somerset,
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at High Ham Mill (t635/ST 433304).

The firse rower mills had il poles for rotating the cap and this effectively
limated their height. Similarly the cylindrical shape of the tower was dictated
by the angle of the windshaft, which was initially horizonral. Later the
windshaft was inclined, balemy the weight of the sails and reducing the
likelibood of them being lifted out of the mill by a freak wind catching them
from behind, Mill towen could then be conical in shape, and much more
stisfying structurally (Fig ), Nor all were circular in plan: the tower of
Wheatley Mill, Oxfordshire (158/SP s¥9052), is octagonal and that ar West
Wittering, Sussex (181/5Z 797972), s eircular, though standing on an
octagonal base,

The third basic type of windmill in England was the smock mill (Plate 2),
ity name allegedly derived from its similarity in appearance to 3 man wearing
a smock. It was basically a rower mill, the rower being buile of umber,
usually on an octagonal plan. At cach comer 1 "cant post” extended the full
height of the mill, its foot testing on a timber cill, its top providing support
for the cireular curb on which the cap rotated, The sides between the cane
posts had horizontal and diagonal framing and the whole was clad in
weatherboards, often painted white: The cill was normally set on a brickwork
plinth o provide 4 firm foundation, but in the nineteenth century brick
bases a5 high as one or even two storeys became comumon and the beight of
the mill was no longer restricted by the availability of long nmbers for the
cant posts. The Willingham smock mull in Cambridgeshire (135/TL s04697)
and the very fine Cranbrook Mill, Kent (172/TQ 770159), the tallest mll
in England, are both of this type. The oldest English smock mill is at Lacey
Green, Buckinghamshire (159/SP $19000), It was originally erected at
Chesham about 1650 and moved to its present site in 1821, and although
substantially complere; it is now i poor condinon. The last mill 1o be
buit tn England was also a smock mill, in 1929 at St Margaret's Bay, Kent
(173/TR 163435).

Both tower and smock milly were surmounted by timber-framed caps
of 2 wide variety of shapes. The cap was carnied on horrzontal beams that
supported the weight of the satls and windshaft. It revolved on a arcular
curb of umber forming the top of the tower. In carly mills this was greased
and the cap simply dlid on the smooth wirface—a "dead curb’—but later
hardwood or iron rollers were firted 1o form a ‘live curb’, At the front of the
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TOWER MILL

Figz

cap the ‘weather” or *breast’ beam carried the neck jonrnal of the windshafi.
the other end of which was mounted in a thruse bearing on the tail beam, The
distinctive shapes of windmill caps seem to have some regional variation,
although how far these are significant is difficult to assess. The simplest form
is 3 triangular gable, as at Bembridge, tsle of Wight (180/SZ 640875), an
eighteenth-century stone twower mill, coment-rendered on its westher side.



A smock mill: Great Thae-

low, Suffislk

In Kenr, Essex, Surrey and Sussex caps are shaped like small post mills with
curved gables. Notable examples are at Herne (173/TR 184665 and Cran-
brook in Kent. A variation of this type but curved in both planes to conform
more to the |"].I[I of the wop of the rower 15 the |J¢]..‘r-~.|];j!'_1.-;_-|_1' cap found mn the
castern counties and exemplified by Gibraltar Mill, Great Bardfield, Fsex
(148/TL 681308), Simple cones do not vecur in England, as they do on the
continent, but domes have a wide distnbution, rangmg from Polegate
(183/TQ $81041) and Selsey (181/5Z 843033) n Sussex to West Wratting
Cambndgeshire (148/TL 604510), and Wilton (167/SU 276617) in Wiltshire.
Far and away the most exotic are the ogee mill caps of Lincolnshire, which

are made all the more promiment by the wll brick towens they usually
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surmount. They oceur throughout eastern England, however, with subtle
variations in shape from one arca to another, Some have slightly flared bases,
as at Burwell, Cambridgeshire {(135/TL s90665), while others achieve an
almost onion shape. Some are boarded and covered in painted canvas, and
others have sheet copper cladding that has often weathered green. Almost
all have finials, usually in the form of a ball, though occasionally an acorn
style 15 used.

Early windmills had simple wooden frames on which the canvas sails
were spread. These frames were mounted symmetrically on stout tapering
beams known as stocks, which were crossed at right-angles and morticed
through the end of the windshaft. Lateral support was provided by short
‘sail bars', rather like the rungs of a ladder, which were connected ar their
outer ends by light longitudinal *hemlaths”. By the cighteenth century the
symmetrical sail had given way 1o the ‘common sail” seen on many mills
today, m which the whole surface arca was on the teailing side of the stock.
A nartow windboard along the leading edge directed the air flow on to the
cloth which was arranged on the front of the il frame. ‘Pointing lines'
secured the canvas and were used by the miller in reefing the sails to suit the
speed of the wind. As mills grew larger, it became commion to construct the
sails as separate units on long tapered ‘whips' which were strapped and bolted
to the stocks. A major point of weakness on early mills was the joint where
the stocks were morticed through the windshaft, bur the introduction of
cast iron provided something of a solution to the problem, the end of the
shaft being replaced by a massive casting known s a 'canister’ or poll end
mto which the stocks were secured by wedges.

The common sail was light, simple and aerodynamically farrly efficient
but it suffered 2 major disadvantage in that a change in wind speed necessi-
tated stopping the mull and re-arranging the canvas a sail at 2 time. In 17722
Scottish millwright, Andrew Meikle of East Lothian, invented a satl com-
posed of shutters arranged like 2 Venetian blind and linked by 4 connecting
rod or shurter bar which ran the length of the sail. An adjustable spring at
the windshaft end mamtamed the shuteers in the closed position under normal
wind pressure but allowed them to open and spill air during guss. Spring
sails controlled by elliptic leaf springs can be seen on Ourwood Mill, Surrey
{170/TQ 327456}, and Chillenden Mill, Kent {173/ TR 268543). The miller
still had to stop the mill to make adjustments to the spring tension bur the
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automatic regulation was 2 valuable benefit, In 1780 a Captain Stephen
Hooper introduced a roller reefing gear similas to that used on sailing craft
but it found little favour.

The most significant step forward in sail design came in 1807 when
William Cubitt's patent sail appeared. For the first time in nearly 1,000
years the windmill had become a controllable machine in which the sails
could be matched to the wind speed while they rotated. Patent sails retained
Meikle’s shurters and shutter bars bur at the centre the springs were replaced
by bell-cranks connected to an iron ‘spider’. The spider was mounted on an
iron ‘striking rod' which passed through the hollow windshaft and emerged
at the back of the mill where it terminated in a rack-and-pinion drive
controlled by an endless chain hanging down to the ground. Moving the
striking rod backwards and forwards operated the shutters. A fully automaric
control was achieved by hanging weights on the chain which held the
shutters closed against the air pressure but still allowed spillage if wind speed
mereased pr conditions were gusty. Patent sails are found on, for example,
Cranbrook Mill and Herne Mill, Kent (173/TR 184665), and ar West
Wratting in Cambnidgeshire (145/TL 604510) the mill combines two patent
with two common sails.

Although most mills had four sails, some were built with five, six and
even cight in an attempt to increase sail area and efficiency. Five sails were
least common, as the loss of a sail resulted in imbalance and stoppage until 4
replacement could be fitted, Three fivesail mills still exist, all in Lincoln-
shire: Maud Foster Mill, Boston (Plate 3, 114/TF 333447). Burgh-le-Marsh
(114/TF 504650) and Alford (103/TF 457766) in which the sails are mounted
on an iron cross mstead of the conventional poll end. Six saili were more
satisfactory and a six-sail mill could still operate in balance with only four if
necessary. Sibsey Mill, Lincolushire (114/TF 344510). is an example. Of dhe
seven eight-sal mills bt in England, only one still survives, the spectacular
Heckington Mill in Lincolnshire (rr3/TF 145436), originally buile in the
carly nineteenth century but fitted with ity present cap and sails in 1802,
Bought by Kesteven County Council in 1953 and subsequently restored,
the mill is accessible to the public on enquiry at the adjacent mill house,

As we have seen, it was necessary to keep the mill's sails fucing into the
wind, and with the medieval post mill, the miller hauled the tail pole around
and moored it in a suitable position. He had to keep a constant eye on the
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3 A tower mill: detail of the cap of the five-sall Maud Fester Mill, Boston, Lincoln-
shire

wind direction and strength to ensure efficient aperation and 1o avoid possible
disaster if the mill was "wil winded” in a sorm. Although some of the Durch
tower mills also have complex tail pole arrangements for moving their caps,
in England it became general practice to rotate the cap by continuous chain
operating a worm driving on w wooden cogs projecting from the curb.
A good example, and one that may easily be scen, is on Bembridge Mill,
Lle of Wight, but numerous variations exist, frequently with cast-iron
gears and a toothed iron curb cast in segments. Fully automatic luffing of the
sails came in the eighteenth century after Edmund Lee's 1745 patent for the
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‘fancail’ or ‘fly’. This early example of a servo-mechanism is very simple
in principle and heralded the large number of improvements which were to
culminate in the highly efficient nineteenth-century tower mills of the
eastern counties. The fantail was a small wooden vaned wind-wheel ficted
to the back of the mill at nght-angles to the sails and coupled through
gears and shafts o a winding mechanism. As the wind veered or backed, the
fantail rotated and wurned the sails into the wind. With the high gearing
ratios used there was grear sensitivity to minor variations in wind direction,
so typical m England, and the fantail becamie a characteristic feature in other
European countries as well. Generally speaking the fantail drove on to the
curb of a tower or smock mill to rotate the cap but a few post mills had
them also and in these cases the drive was transmitted ro wheels at the foot
of the ‘tml pole’, which ran on a circular track, Post mills with fantailé
include Saxtead Green, Suffolk (137/TM 254644}, mainmined by the De-
partment of the Environment and open to the public, Grear Chishill Mill,
Cambridgeshire (148/TL 413388), Holton Mill, Suffolk (137/TM 402776).
and Cross-in-Hand Mill, Sussex (183/TQ 558218),

Transmission of power from the sails to the grinding stones was modelled
nitilly on the medieval watermull and the design of gearing passed through
similar stages” of development in both types. Most early waterwheels,
particularly in corn mills, had 'compass army’, that is spokes morticed into
the wooden shaft, which was thereby not only weakened but made liable 1o
rotting. An initial improvement was to provide ‘clasp arms’, whereby the
spokes embraced rather than penetrated the shaft, and in the late eighteenth
century cast-iron bevel wheels superseded the traditional combination of
wooden face wheel and lantern pinion. Timber gears were never entirely
displaced, however, and many can stll be seen in both windmulls and warer-
mills. So too ean morticed gears in which wooden teeth, usually of hornbeam
or apple, are wedged into a cast-iron wheel which runs against the teeth of
an all iron gear. This arrangement runs quictly with the mininum of wear,

In the windmill the general arrangement of the drive was from the great
face wheel or 'brake-wheel” mounted on the windshaft to the ‘wallower’
on the top of the vertical main shaft running down the centre of the mill
body or tower. A ‘great spur wheel’ on the main shaft drove a small *stone
nut' on top of the ‘stone spindle’, which in tm rotated the upper runner
stone. Early mills had one pair of stones, but as post mills increased in size,
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a second pair were usually included.

Grain was fed to the millstones by gravity. Com was initially taken by
sack hoist, which was usually powered by the sails, to the top of the mill
where it was put in the grain bin. A chute took it to 3 hopper above the
millstones and the grain trickled from the botrom of the hopper mto a
‘feed shoe’ which was vibrated by the 'damsel’, an extension of the stone
spindle in the form of a cam. As the upper or runner stone revolved, grain
was fed into the eye to be ground and expelled at the outer circumference
of the stones. Only the upper stone revolved, and it did not come into con-
tact with the starionary bedstone below. The space between the surfaces of
the stones was carcfully controlled to produce the best results. Nevertheless
the meal falling away from the rim of the stones into the meal spout and
finally into the bin on the floor below is surprsingly warm to the touch, an
indication of the considerable power absorbed in the grinding process.
Keeping the stones in correct relation to each other is known as "tentering’
and taxed the ingenuity of both millwright and miller to find a means of
carrying out the operation automatically. The distance apart of the stones
must relate to the speed of the mill, 50 3 number of fctors had to be related.
As we have seen, the fantail and various automatic patent sails were in effect
regulators or servo-mechanisms, Another type, which probably onginated
in mills, was the centrifugal ball governor in which two bob weights when
rotated at speed moved ourwards from the drive spindle. This movement
could be coupled to brake the speed of the wils or, more commonly, to
regulate the distance apart of the millstones. The use of these governors in
windmills and watermills almost certainly predates their introduction and
patenting by James Watt for regulating the supply of steam to steam engines.

Many mills operated ewo types of stone and both can frequently be scen
today, in mills or standing decaratively in the open, often an indication thata
windmill or watermill nearby has gone our of use or been demolished,
Derbyshire Peak stones of grey millstone grit were wsed for barley, but
flour was usually processed on the harder French burr stoncs which were
morc suitable for finer grinding. These latter stones were not cut from a
single piece, a8 were the Derbyshire ones; bur buile up out of sections of
quartz cemented together and bound with iron bands. The sutfaces of the
stones had a series of radial grooves in them which facilitated the grindmg

of the gran and encouraged the resultant mesl outwards rowards the rim,
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The stones would be dressed from tme to ume by recutting the grooves
using hardened steel mill bits wedged into a mason's maul. Not all stones
revolved in the same direcrion, although millstones which revolved elock-
wise were casier to dress, This usually implied an anti-clockwise rotation of
the sails in the normal post mill. It is always possible to wark out which way
the sails rotated on a derclict or disused mill by examining the sailstock
or whip, which was always at the leading edge of the sails, or by observing
the wear on the gear teeth.

Not all windmills were for grmding corn, their other major use being for
dramage of low-lying arcas such as the Fens. Wind power was used extensive-
ly from the sixteenth century onwards in the numerous Fenland drainage
schemes and a number of windmills still survive, although no longer working.
Naturally enough they derive some of their design features from Holland
and many had a distinctly Dutch look, with squat towers, common sails
and tail poles. Most carly drainage mills were of the smock type but later
examples were brick, often tarred, The machinery inside was much simpler
than that n 1 corn mill. A conventional brake wheel on the windshaft
drove the wallower on the vertical shaft, which at ground level had a bevel
gear that drove in its turn a pit wheel on a horizontal shaft. On the other
end of this shafr, wually on the outside of the windmill structure, was a
scoop wheel which lifted water up and discharged it at 2 higher level,
Sometimes, a3 at Horsey, 4 turbine pump was sed,

Today few drainage mills survive intact, their decline begimming quite
carly m the mneteenth century when large capacity steam pumps were
installed, each one capable of replacing a number of windimnills, Fine examples
of mills can still be seen, however, at Wicken Fen, Cambridgeshire (135/TL
562706), belonging to the National Trust; Horsey Mill (126/TG 457323)
and Berney Arms Mill (126/TG ¢65051), both in Norfolk. This last mill,
said to be the tallest in East Anglia, has a 70 ft tower and is preserved by the
Department of the Enviconment. A curious features is that the scoop wheel
18 separate from the mill itself and conmected to it by a rotanng dnve shatt.
It is also unusual in being used for grinding cement clinker and having access
only by rail or water,

Although the traditional mill is now completely obsolete, 2 much more
recent counterpart, which enjoyed considerable popularity down to the
19304, can still be found fairly commenly, Wind pumps, used for raising



66 WIND AND WATER POWER

water for farm use, are automatic in operation. Most types have a steel
wire-braced tower, with 1 multi-bladed wind vane and driving a recipro-
cating lift purmp by means of a crankshaft geared down from the windshaft,
Although relatively modem, operating examples are becoming surprisingly
scarce, their role usually having been usurped by electric or internal com-
bustion engine pumps.

There are still some 300 windmills in Britain of which reasonably complere
remains survive and many more in the form of derclict towers or conversions
into houses. Most are in the Eastern Counties, with notable concentrations
in Essex, Kemt, Lincolnshire, Norfolk, Suffolk and Sussex. Many of them
are preserved. There were isolated pockets of wind power in the west,
however, usually in arcas where surface water was unavailable or not casily
wtilised. In England the Somerset levels, Wirral peninsula of Cheshire and
Fylde of Lancashite all once had numerous windmills, although lietle
cvidence of them now survives. Ashton Mill, Chapel Allerton (165/ST
414504), is the best Somerset example; Bidston Mill (100/ST 287894) near
Birkenhead still has sails but no internal machinery, while on the Fylde,
Marsh Mill, Thomnton Cleveleys (94/SD 335426), is being preserved by the
local Disrict Council.On Anglesey, the single area of Wales where windmills
were common, only derelict towers survive,

WATER POWER

The fise watermills in Britain were for grinding corn and this purpose
ramained by far the most widespread use of water power. Unlike the
windmill, however, water was employed to drive a wide variety of
industrial equipment, beginning with the water-powered textile fulling
mill chat was probably developed during the twelfih century, The ecarliest
types of waterwheel used in Britain, of which examples still survive, were
called Norse mills. They had vertical shafts and inclined wooden blades
rather like scoops and developed at the most about thp. One Norse mill
preserved in Britain s Click Mill in Orkney (HY 290200), which 15 main-
tained by the Department of the Enviconment a5 an Ancient Monument.
The wheel powers directly a single pair of millstones, the drive being taken
through the eye of the bomom stone, which remains stationary, the top
stone rotating above it
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It s known thar the Romans used water power in Britain—three water-
mill sites have been excavated along Hadrian's Wall, for example—but no
detailed evidence survives. These Roman mills were probably very like the
waterwheels used extensively in Britain from the eighth century onwards.
Known generally as Vitruvian mills after Vitravius, the engineer and archi-
tect who first described them, they had horizoneal shafts with flat buckets
that dipped into fast running water of a stream or river. Besides these
primitive stream wheels the Romans also used overshor wheels at least as
carly as the fourth century Ap and possibly carlier,

Little is known of the development of water power during the Dark
Ages but by the Domesday Survey, begun in 1080 and completed in 1086,
there were over 5,000 corn mills in England, most of them south and east
of the Rivers Trent and Severn. These were probably of both Norse and
Vitruvian types, but the latter eventually predominated, A watermill is
shown in Fig 3.

By the sixteenth century water was by far the most important source of
motive power throughout Europe, and Brirain was no exception. Although
primarily used for corn milling, water also drove fulling mills, and hammers
and bellows necessary for the manufacture of wrought and cast iron, wire
drawing equipment, drills for gun barrels and machinery used to hoist,
crush and stamp metlliferous ores, The availability of water for driving
wheels became an important factor in the location of mdustry, and in the
nuanufacture of wool textiles, for mseance, where manual spinning, carding
and weaving were carried out as a cottage industry in East Anglia and the
East Midlands, the new water-powered fulling mills set up on streams in
the Cotswolds, Yorkshire, the Lake Districe and the West of England drew
the other processes to them. Similarly the iron mdustry, although primarily
located near raw materials such as iron ore and charcoal, took advantage
where possible of streams to power hammers and bellows. In Kent, Sussex
and Surrey where the industry was centred this was not always casy, as
streatns were inconsistent in fow. In summer men might have to work the
wheels like treadmills to keep things going. In the Lake District and Shrop-
shire, however, two other areas where blast furnaces in particular became
established, the streams had a more consistent How, and it is interesting to
speculate on how influential this factor was in encouraging the industry to
these areas.
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By the sixteenth century too a corpus of knowledge on waterwheel
technology was being established. John Fitzherbert's Boke of Surveyinge and
Improvements, published posthumously in 1539, notes that it was COMIMON fo
build com mills not on large rivers but on a more convenient site served by
3 man-made millstream to a weir. Fitzherberr also refers to the need for an
adequate fall in milrace © minimise the disadvantages of back-watering
which in time of flood mighr cause the wheel to dow down through weater
building up below it. He also confirms that breastshot and overshot wheels
produced more power than undershot wheels if their buckets were well
filled, and thar water should, as far as possible, be prevented from leaving
the buckets before they reached their lowest point by the building of 3 close
fitting breast of brick or stone shaped to the profile of sbour a quarter of the
wheel and only an inch or so from it. Types of waterwheel are shown in
Fig 4.
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As industrialisation got under way in the carly years of the cighteenth
century, the simple undershot wheel was then the most numerous in Britain.
It was cheap and easy to install, needed 2 minimum of groundworks to
arrange its water supply and did the job for which it was required effec-
tively if not efficiently. Mechanical inefficiency was of little importance if
there was adequate water in the stream all the year round to drive 1 low hp
wheel reliably. Only when greater power was demanded from limited
supplies of water did other types of waterwheel become necessary. Thus in
the cighteenth century eminent engineers such as john Rennie (1761-1821)
and Sir Mare lsambard Brunel (17601 849) used large undershor wheels to
drive saw mills at Dartford and Chatham. One impartant modification in
the design of the undesshot wheel was made in the carly years of the nine-
teenth century by J. V. Poncelet (1788-1867), and became widely adopted
where maximum efficiency was required from a small head of water. By
curving the paddles or blades of the wheel, as shown in Fig 4, he provided

for the entry of water into the compartments without shock, the idea bemg
that water would run up the surface of the vancs, come 1o rest ar the inner

diameter and then fall away from the wheel with practically no velocity,
This design raised the efficiency of the undershot wheel from about 22 per
cent to about 65 per cent.

Between 1750 and 1850 the waterwheel came into its own for indistrial
purposes, well after the steam engine had become firmly established. Water
had been the primary source of power in the early years of the Industrial
Revolution and the steam engine was at first 4 much a product of industrial
growth as 2 contributor to its development. Waterwheels were cheap and
easy to install and could drive machinery which the carly non-rotative
steam engines could not. Indeed the steam engine was used in the middle
of the cighteenth century to pump back the tail water of the warerwheel
and even to supply water ta wheels which had no streim supply of their
own. For example, Bedlam furnaces, built on the bank of the Severn at
Ironbridge in 1757, relied on a Newcomen type steam engine to lift water
from the river to drive an overshot and undershot wheel on each of the
two sets of bellows, It is significant too that almost all the really high hp
waterwheel installadions, developmg more than about 100 hp. were built
between 1820 and 1850, long after the rotative steam engine had become
well established.



4 Hosenr Mill, Denbiphshire. A seventeenth<entury watermill with o nineteenth-
century wheel

A major contribution to the improvement of waterwhee! design resulted
from the experiments of John Smeston (1724-92), who built and tested
models to deternune the most efficient type of wheel. He established the
principle that there must be considerable losies when a et of water strikes
the flat blade of an undershot wheel, and that ir was clearly much better to
l!t‘\'r:]ﬁp power by filling the buckets of an overshot or breast wheel with
water and domg the work by gravity rather than by impulse. Smeaton abso
intreduced the first cast-iron shaft in 1960, which was firted to the water-
wheel of & furnace blowing engine ar the Carran Ironworks in Seotland
Thas in itself was an impormant step torward as one of the major }unh]:lm
with dﬂ':_-[{.'-pmg a lirge output waterwheel was desigmng 2 shatt capable of
transmitting the power. Smeaton’s jron shafts were strong, and although
they did not salve all the difficalties—they were subject to fracture in the
region of the flanges—they provided some sort of answer to the problem
until berter designs were evolved, Plates 4 and $, Rossént Mill, show a case-
wron shaft with wooden arms.



$ Rossert Mill. Detail of wheel showing cast-iron shaft and wooden arms

Metal construction throughout followed in the carly years of the nine-
teenth century with cast iron replacing wood. Buckets were made of curvied
sheet iron, with the inlet angle carefully designed to reduce the shock Joss
of water entermg the wheel and the bucket shaped o retain as much water
as possible during the descent. As the size of waterwheels increased, both in
diameter and width, trouble was experienced with air locks as the water
entered the buckets and also, when water in the tilrace was high and the
bortom of the wheel submerged, with water leaving. The remedy was found

by Sir William Fairbaim (1780-1874) who described it thus:

It was observed that when the wheel was loaded in flood witers, each of
the buckers acted as a warer blast, and forced the water and spray
height of 6 or B feet above the orifice at which it entered . . . in order to
remedy it openings were cut in the sole plates, and small interior buckers
attached, mside the sole . . . The air in the bucket muade its escape through
the opening and passed upwards . . . permitting the free reception of the
water . . . The buckets were thus effectively cleared of air as they were
filling . . .

o.a
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Fairbaim claimed an increase of power resulting from this modification of
SOME 25 per Cent.

From the end of the eighteenth century the use of high hp waterwheels
for driving factorics posed new transmission design problems. Wheels
developing as much as 100 hp were becoming common, and contemporary
wheel shafts, even those made of iron, could not tansmit this power at the
low speeds then employed. The difficulty was overcome by taking the
power from the wheel at its periphery where a scgmental gear wheel,
usually of cast-iron sections attached to the rim or spokes of the waterwheel,
drove a smaller pinion wheel. Thus the secondary shaft rotated at 3 much
higher speed and the wheel shaft had only to be strong enough to support
the weight of the waterwheel itself. Spokes too could be of lighter section
as they no longer transmitted power, the ultimate result of this trend being
the suspension wheel in which the spokes, like the spokes of a bicyele wheel,
were of thin section and i tension rather than compression, Generally
speaking the position of the power take-off on waterwheels with a rini drive
was as cloge as possible to where the power was being generated —immediately
below the sluice through which water entered the wheel,

The suspension wheel was developed by Thomas Cheek Hewes (1768
1832), an engineer and textile machine manufacturer of Manchester, in
usociation with William Struer (1756-1830) of Derby. Hewes was an carly
pioneer in the application of cast and wroughe iron and for a shore but
cructal peniod in 1816-17 employed William Fairbaim (later Sir William),
who later achieved much greater renown. Thwaite Mill, Hunslet, Leeds
(96/SE 318312), rebuilt in 1823 by Hewes and Wren, still uses water power
in the manufacture of putty. Perhaps the finest suspension wheel still in
exastence was made by the same firm in 1826 for Woodside Mills, Aberdeen,
and is now preserved in the Royal Scortish Muscum, Edinburgh. The wheel
s 25ft in diameter and 21ft wide. It generated over 200 hp with an 18ft
head of water, transmitting power by a rim gear of twelve cast-iron seg-
ments. There are forty—cight wooden vemtilated buckess, rwelve wrought-
iron spokes of 24in diameter on cach side of the wheel and a similar number
of diagonal wrought-iron braces. The shaft, of cast iron with a cruciform
section, is of a type known as a feathered shaft. Similar ones can be seen at
Thwaite Mill, Leeds, and Styal Mill, Cheshire (101/S] 834830), although the
latter no longer has the wheel itself. Another large suspension wheel is at
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Hartlington Mill, Burnsall, Wharfedale (90/SE 042609). Unfortunately
these most sophisticated of warerwheels, nearly all of which were installed
to drive factories, have largely disappeared as the result of the comperition
from steam engines during the latter part of the nincteenth century. Tlus,
while many hundreds of relatively primitive wheels in rural corn mills
survive, very few high hp industrial waterwheels still remain i s,

Not all large wheels were of the pure suspension type although a number
had lightweight spokes. An example is the 33 ft diameter overshot wheel at
Killhope lead mill in Weardale, County Durham (84/NY 827420). Here the
spokes arc of far section wrought iron and rigidity is maintained by cross
bracing, The wheel once drove lead crushers which, like the wooden launder
that supplied its water, have now gone, The site is preserved as part of 3
Durham County Council prenic area. Another large diameter wlheel is at
Lothersdale Mill, Keighley, Yorkshire (o5/SD 959439). Built in 1861 it s
44ftin dumeter, 3ft rin wide and has an unusual arrangement of alternating
wooden spokes and wronght-iron tension rods. It is a high breast wheel
with U-shaped floats of sheer tron and there is an ouside rim drive. It
powered cotton spinming and weaving machinery until the 1930s. At Foster
Beck Mill, Pateley Bridge, Yorkshire (91/SD 148664), is a fine external
breast wheel 35t in diameter. I has wooden spokes und tim drive but no
bracing, and the ‘penstock” from which the water was fed 1o the wheel
through a sliding hatch or “huttle’ is particularly conspicuous. The wheel
drove a hemp mill which has now closed and the machinery has been
removed,

The largest waterwheel ever built in Britain is the celebrated Lady Isabella
wstalled in 1854 by the Great Laxey Mining Company of the bsle of Man
(87/SC 432832). It is 7aft in diamerer and 6ft 1in wide and was buile to
pump water from a lead and zine mine 1,480ft decp. The drive was by means
of 2 crank on the shaft and 6ooft of tmber connecting rods, The wheel,
which has wooden spokes and wrought-iron diagonal bracing rods, i of the
pitchback type (see Fig 4) in which the water is reversed in direction at the
point of access, in contrast to the conventional overshot wheel where the
ditection of How is continuous. This somewhat unusual feature was:
probably adopted as a means of securing efficient entry of water into the
buckets and to avoid the constructional problems of carrying the high-
level lear beyond dhe wheel centre as in 2 normul overshor wheel, Anather



WIND AND WATER FOWEHR 75

possible advantage was that the water l-:.u.-ulls the wheel Aowed away down

tailrace in the same direction as the wheel was rotnng. The Lady

Isabella last worked the mine pumps in 1gxh, wis restored in the lare 10204,
and in ro6is was bought by the Manx Government whose Tourist Board
nOW nmintains . [h:r:.'n:: recent renovations the "i“"l""-“‘ have been r._-pr,-..;.;.,':
by steel girders, clad in tmber to retain the onginal appearance

In coastal areas ude mulls took advantage of the fact that water could be
ponded up in 2 small estuary or ereck at high tide and used to drive a water-
.'-!li.LJ—'.I:-l.J.:IH_\ :1l. I!!!L' |.;'|'|,l,' 11!;‘.]_1!. ar 1]T‘||||.']'\|'1|1-1 r1_. :l'lr_‘ == WCT {J]L- J"l;_']"ll,':ll_i ;1[.
low tide. There were rwo working shifts in each 24 hr pened und. because
ot the successional movement of the ndes, the nde miller worked somewhat
unusual hours, The last operating tide mill (Plite 6) in Britain, on the River
DPeben at ‘h‘-"lu'}.ﬂ\n:fgr m Suffolk (150/TM 276847), 15 the subject of a
preservation scheme. The mull ran untl 1956 when the zzin square oak
shatt of the waterwheel broke, but gnce then 3 trust has been established o
raiic the money necessary 1o restore the machinery and nmber-framed
bullding. A much less common use of warer power was to drive beam

pumps used in mine drainape and one meomplete example survives at
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Straitsteps lead mine, Wanlockhead, Dumfricsshire (68/NS Bss144). At one
end of the beam is 3 broken pump rod which once went down the mine
shaft. At the other end a bucket rod is conneeted 1o the beam vis 4 CToss-
head moving in guides and a connecting rod. The method of operation was
for the the bucket to be filled from a ticarby stream supply until the weight
of water caused the beam to fall, raising the other end and the column of
water in the pump barrel in the shaft. When the full bucket reiched the
end of its travel, a valve in the bortom was riggered open, the water flowed
out, ind the pump end of the beam, appropriately weighted, fell, filling the
pump barrel again, The Wanlockhead water-bucket engine, which is thoughs
to date from the 1880s, is being preserved by the Leadhills and Wanlockhead
Mines Research Group. It is scheduled as an Ancient Maonument. A recently
testored waterwheel-powered beam pump 15 simated at Wheal Martyn in
Cornwall (18¢/5X o04s55). '

The use of water for power provides 4 fruitful and worthwhile area of
study for the industrial archacologist, as surviving evidence in the form af
wheels and the watercourses associated with them is plentiful. There are
thousands of sites, in England particularly, whese a small weir, 2 rotting
sluice-gate or a dried-up leat provide the clue to a once thriving water-
powered mill or factory, Investigation of these remains is in Many cases
truly archacological in nature, as although documentary or map evidence
is often available to locate a watermill site, most details of its technology—
what type of wheel and transmission gear was used, for example—can only
be discovered by feldwork.

A number of basic principles can be apphied to help with these on-site
investigations. The basic requirements of a waterwheel were 1 head of water
to drive ir, 3 consistent and contrallable flow of water and avoidanie, if
possible, of the effeets of mild flooding, On 2 large slow-flowing stream or
tiver with a relatively low gradient the casiest and cheapest mill to build
would have a short leat taking water to the wheel which, because only a low
head would be available, would have to be of the undershot type. The mill
might be susceptible to flooding and a more reliable siting might invelve 3
longer leat and tailrace (to avoid water backing up on the wheel) and per-
haps a low weir in the river. By using a long leat a greater head of water
would be made available, and a breastshot or overshor wheel might be
installed to provide greater power for a given size of wheel, If the stream or
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river was particularly susceprible to minor changes m level, a long weit
pliced dingonally across the stream could minimise these effecss. combining
the ments of a long leat in creating a good lead of water and an cfficient
governor for the wheel. The longer the weir, the less variation is there in
water level during spates.

If the stream supply was small or the flow mconsistent, water would hive
to beo collected m a millpond and, in certain cases, a type of wheel that would
detive maximum power from a limited supply would have w be devised.
There are two ways of gaining more power from  waterwheel—increasing
its width or increasing its diameter. A good example of 2 wide wheel is to
be found ar Claverton (166/ST 791644) on the River Avon near Bath, where
1 waterwheel provided power for a beant pump designed to lift water from
the river into the Kennet & Avon Canal. Here the head 1 low but the supply
plennful, so to obtain the necessary power, this low breastshor wheel was
built some 246t wide. The present installagion contaiis an interesting design
modification, as the shaft of the onginal ¢ 1810 wheel was not suff enough,
and a cast-rron A frame and bearmg had 1o be fitzed to provide intermediare
support to the shaft, which now crries two wheels in parallel, each one
Lift Gin wide,

In situations where the volume of water was low and water STOrAge 1m-
practicable or too expensive the only way to obtain high power outputs was
by building large-diameter wheels, In some cases the supply of the water-
wheel would be by a pipe, as at Pateley Bridge (91/5D 148664) and the Lady
Fsabells; with the later the pipe approaches at ground level and rises veru-
cally inside a stane tower to feed the top of the wheel, Anather lurge diameter
wheel Where warer supply has always been a problem is-at Priston Mill in
Somerset (166/ST 69561 5) where an iron overshot wheel is fed from a pond.

The factors which led to the decline of water power are more complex
than might st first be imagined. The popular notion that the steam engine
was immediately responsible for the elimination of the wateewheel is far
from troe, and many large and successful waterwheels were bemg instatled
throughout the first half of the nineteenth century. Indeed it was not until
the 18405 that seeamn engines were being buile to exceed the hp of the largest
waterwheels, As late as 1834 estimates by the first four factary mspectors
idicate thar approximutely one-thied of the power wed in cotton mills in
Britain was from water. A further factar in the decline of water power
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during the lacter pare of the nineteenth century was the steadily increasing
diversion of water from higher districs to supply the domestic needs of the
mew towns, while Fairbaim, wnting in 1864, claimed thac land drsinage
schemes had altered river regimes drastically, resulting i rapid run-off, a
higher incidence of flooding and subsequent low water conditions, all of
which were detrimental to water power users.

By the lateer part of the nineteenth century, however, steam engines began
to replace waterwheels, particularly in large-scale industrial locations where
technology was evolving rapidly and power requirements were increasing,
The rurally based industry on the other hand often continued to use the
waterwheel as its main source of power, perhaps adding a small steam engine
or later an oil engine as a supplementary source. There was little incentive to
change from water if it did the job. Maintenance costs were low and nothing
went on fuel. The major factor in bringing about the closure of the large
majority of watermills (those grinding corn) was no directly related to the
power source. During the later years of the nincteenth century the increas-
ing importation of foreign grains and the intcoduction of roller mills led to
very large flour milling complexes being set up at the major ports. The small
miller, whether he was using wind or water power, could rarely compete
and almost all Aour production soon passed into the hands of big companies.
Today a few small com mills are still working, mainly for the production
of animal feed.

Nevertheless a surprising number of waterwheels can still be seeti in
operation, m most cases preserved, but indicating the very wide variety of
applications in which water power has been used in very recent years. At
Sticklepath in Deven (175/5X 643940) s Finch Foundry, a water-powered
scythe and edge tool works with hammers and grinding wheels, Abbeydale
(111/SK 325820) and Shepherd Wheel (r11/SK 317834) in Sheffield also have
preserved and operational waterwheels driving basically the same types of
equipment, while in Comwall the Tolgus Tin Company (180/SW 600438)
uses water to drive ore-crushing stamps. At Reddiecch, Worcestershire
(131/SP 046686), a needle mill is water-driven: and ar Cheddletan in North
Staffordshire (110/5] 973526) Hint grinding mills are water-powered. Work-
ing preserved com mills include High Mill, Skipton (95/SD 089518),
Nether Alderley, Cheshire (101/5] 844763), and Preston Mill, East Linton,
East Lothian (63/NT 595779).



4 Steam and Internal Combustion Engines

[t ts perhaps not generally realised that a high proportion of the total
requirements of energy in Britain today is sanisfied by steam power in the
form of steam turbines, which are amongst the largest and most efficient
prime movers employing heat energy, and generate most of the elecrricity
we use, At one time the reciprocating steam engine, that is one employing
4 piston moving backwards and forwards in a cylnder, held chis pre-
eminent position, but although it has not been entirely displaced, sl finding
specialist applications in a number of fields, its use has declined considerably.
Steam rurbines, diesel engines and gas turbines have superseded it after over
250 years, during which peniod the steam engine was unchallenged for almost
two centuries, In those 200 years Britain and many other countries were
transformed into highly industrialised, technology-based societies; the sig-
nificance of the steam engine in bringing about this transformation is
mestimable. As 2 means of draining mines, of powering textle machinery,
of daving railway locomotives and ships, and now of generating electricity,
the power of steam, harmessed successfully in the carly years of the cighteently
century, is without doubt the greatest single technological facror in the huge
social and economic changes which we have called the Industrial Revolution,
The significance of the steam engine far transcends its purely technical
aspects; its evolution was the first major step in the liberation of mankind
from toil and the development of our complex society.

THE STEAM ENGINE

In the late seventeenth century mines had become sufficiently deep to create
setious problems of drainage, a difficulty overcome in some instances by the
use of water-powered pumips bot more often by men and horses. Severe
linutations were imposed on further deep mining by the capacity and
expense of mine-pumping equipment. It was into this field of outstanding
need that the steam engine came as a result of the discovery that the pressure
of the atmosphere could be applied to do useful work.

7
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Before examining the evolution of the steam engine proper it will be
worthwhile to consider the state of experimental science at the end of the
seventeenth century and the extent of the knowledge about the atmosphere
and the propertics of gases at thar time. As carly as the first century Ap
Hero of Alexandria had demonstrated that gases expanded and contracted
when heated and cobled respectively, but it was not until 1606 that an ex-
periment, carried out by Giovanni Barrista della Porta of Naples, used the
pressure of steam generated in 4 flask to force the warer out of an enclosed
tank. He also described how a flask full of steam and with it neck in a vessel
of water would draw up water as the steam condensed, the principle being
that ‘naturc abhorred a vacuum’. The fundamental breakthrough, the
realisation that the armosphere has weighr, was made in 1643 by Evangelista
Torticelli (1608-47), a pupil of Galilco, when attempring to explain why a
suction pump would not draw water from a depth greater than abour 28 ft.
After experiments with mercury he stated that the armosphere exerted a
pressurc because of its weight and tha this would support 3 column of
water 28 £t high or, in the case of the much denser mercury, some 30 in in
height. It was this discovery that established one of the basic principles on
which the first gencration of steam engimes depended and also, of course,
resulted in the invention of the mercurial baromerer.

The power of atmospheric pressure was further demonstrated in the 16508
by Otta van Guericke (1602-66), of Magdeburg, who succeeded in cvacuat-
ing a copper sphere, which roulted in 1ts collapse. Later he evacuated the
air from & cylinder having an accurately fitting piston and utilised the
atmospheric pressure to raise a weight of over 3 tom. It was the Dutch
scientist Christiaan Huygens (1620-95), and his assistant Denis Papin (1647
17123), however, who in 1690 used the condensation of steam beneath a
piston in a cylinder as a means of creating the vacuum, 3 great improvement
on the air pump used by von Guericke. Althougls Papin never developed
his ideas to a larger scale than an experimental model with a 2din diameter
cylinder, he had in his grasp all the fundamentals that were to be applied
m practical rerms by Thomas Newcomen 26 years later.

The first practical application of steam power and 4 steam-generated
vacuum for mine drainage was, however, not evolved from Papin's work
with pistons in cylinders but derived is principles from della Porea’s steam
pressure and vacuum experiments of 1666. In 1698 Thosmas Savery (¢ 1650
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1717), a Cornish engineer, patented a machine for the ‘Raiseing of Water . . .
by the Impellant Force of Fire', Steam from a boiler was admiteed into a
closed vessel and condensed by pouring warer on its ouside. The resultant
vacuum caused water to rise up a suction pipe through a non-rerurn valve
mto the bottom of the vessel. Steam was then admirred again and the
pressure drove the water in the vesel through a second non-retum valve
and up the delivery pipe. The major difficultics encountered with the
Savery engme, the so-called ‘Miners’ Friend' which probably never actually
operated in service at 2 mine, was that boilers capable of withstanding pres-
sures of several atmospheres could not be easily made at that time and that
the length of the suction pipe was limited to about 25ft. making the engine
unsuitable for deep drainage work. Certainly Savery's engine never entered
widespread use and there are no surviving remains. Savery’s work was not
completely 3 dead end, however, as in the late-nineteenth century the
portable Pulsometer steam pump was developed on very similar principles.
The main working part was an oscllating valve admitting steam alternately
to two water chambers. The steam pressure acted directly on the surface of
the water in the chamber and cjected it through a fiexible hose. Pulsometer
pumps can seill be seen occasionally, their main use being for draiming ex-
cavations and flooded mines, and ship salvage, Ligheweight internal-
combustion engine pumps are supplinting them,

To rerurn to the carly development of the steam engine, it was in Papin's
piston and cylinder experiments that the germ of the commercially success-
ful machine lay, Papin did not pursue his experiments but Thomas New-
comen (1663-172¢), an ironmonger of Dartmouth working on similar
principles but almost certainly withour knowledge of the Dutch scientist's
work, was actively pushing towards a practical application. Newcomen was
well aware of the critical drainage problems in the Comish tin mines, and
after pursuing experiments for some 15 years in an attempt to find a solution,
he erected his first engine in 1712 (Fig 5). Curiously this was not in Cornwall
but at a colliery near Dudley Castle, Worcestershire, It had a cylinder of
1gin diameter, a stroke of 6ft and developed some 53 hp.

The principle of operation was both simple and extremely reliable and,
at least as important, no advanced technology was nvolved in the engine's
manufacture or erection. An open-topped vertical cylinder contained 2
piston connected through a piston rod and chain to the arch head of 2
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NEWCOMEN'S ATMOSPHERIC ENGINE, 1712
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rocking beam, The "piston ring' consisted of a disc of leather cupped up-
wards and kept pressed against the bore of the eylinder by 3 layer of water
on top. From the end of the beam distant from the steam cylinder the pump
rods were suspended. Below the cylinder was mounted a boiler which was
little more than 4 tank of water with a fire beneath it and rather like &
brewer's copper in appearance. When steam at slightly above atmospheric
pressure was admitted into the cylinder, the piston was drawn upwards by
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the weight of the punip rods on the other end of the beam. At the same time
any air in the cylinder was cjected through non-return valves. Closure of the
steamn inlet valve was followed by condensation of the steam in the cylinder
by a jet of cold water which created a partial vacuum and sllowed the un-
balanced atmospheric pressure on the top of the piston to push it down,
mise the pump rods and thus make 2 working stroke. The cycle was then
tepeated, the steam valve and injection cock being opened and closed by a
plug rod also hung from the beam.

Newcomen's initial design was thoroughly practical and was lietle altered
for more than half a century. At first royalty payments had to be made to
Savery, whose original patent covered all methods of raising water by fire,
but after 1715, when Savery died, a group of speculators, including New-
comen himself untl his death in 1720, acquired the aghts and administered
them unul they expired in 1733. By the time of Newcomen's death his
engme was in use throughout Britain and in Hungary, France, Belgium and
possibly Germany and Spain. It is doubtful if Newceomen gained much, if
any, financial benefit from his invention, which with the possible exception
of Abraham Darby's perfection of coke smeltng of iron ore, perhaps consti-
mred the most important single technological factor in bringing man into
the modern world.

One of the most important surviving memorials to Thomas Newcomen
is the Hawkesbury engine, recrected in the Royal Avenue Gardens, Dart-
mouth (188/SX 870515), and opened to the public in July 1964 to com-
memorate the 300th anniversary of its inventor’s birth. The engime probably
dates from the mid-1720s and is the oldest stcam engine in existence. Tt was
orginally installed ar Grff Colliery, Warwickshire, later moved to Measham,
and in 1821 was installed on the bank of the Coventry Canal at Hawkesbury
Junction (r32/SP 363846), where it was used to raise water from a sump into
the canal itself. The engine was occasionally worked until 1913 and in
1963 was presented to the Newcomen Society by its owners, the then
British Transport Commission. Incidentally the canal-side site 2t Hawkes-
bury is in irself still well worth a visit as a relatively unspoilt junerion with
cast-iron bridges and boarmen's pub.

A number of modifications may be seen on the Hawkesbury engine, the
most significant of which is the “pickle-pot’ condenser below the cylinder,
an improvement in design to increase thermal cfficiency and at the same
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time avoid an infringement of Watt's separate condenser patent, discussed
below. Another surviving engine of Newcomen type stands ar Elsecar
(102/SE 390003) in the West Riding of Yorkshire, where it was used for
colliery drainage from 1787 until 1923, Again numerous modifications have
been made from the onginal, including replacement of the wooden beam
by a cast-iron one. Condensation of the steam, howeéver, was effected within
the working cylinder by the use of a jet of cold water in almost exactly the
same manner which Newcomen had applicd in his first 1712 engine. The
Elsccar engine (Plates 7-10) is now preserved on its original site by the
National Coal Board and may be visited by arrangement with the South
Yorkshire Area office at Wath-upon-Dearne, Rotherham.

Before leaving the Newcomen type of atmospheric enge it is worthwhile
considering some of its constructional details and the improvements which
were made m its cfficiency, The atmospheric engine was a thoroughly
practical machine and the techniques necessary for its manufacture were all
well known to the millwrights and similar men who were respansible for
its erection. Only the cylinders caused any serious problem, Initially these
were cast in brass and, as no means of accurately machining the bore existed,
they were rubbed smooth on the inside with abrasives. Small wonder.

7 Atmospheric beam pumping engme, Elsecar, nearRotherham, Yorkshire, preseried
by the Manonal Coal Board




& Elsecar beam engine. Denil of beam and parallel motion

therefore, that the cylinder was the most expensive single component of the
cngine, exceeding even the engine-house in cost. A 1733 estimate for 2
Newcomen-type engine near Newcastle-upon-Tyne totalled [840, of
which £150 was accounted for by the cylinder alone. By the 17405 cast-
iron cylinders were becoming common and, although less efficient thermally
because of their greater wall thickness, they were significantly cheaper m
firse cost.

John Smeaton (1724-92) was responsible for bringing about the greatese
mmprovenients in efficiency of the Newcomen engine, and a machine which
he erected at Long Benton Collicry, Northumberland, in 1772 achieved
duty of g-45 million tl.h.uhpuumfh of uscful work per bushel {84 1b) of coal.
The aver age Mewcomen engine only achicved 6 million foot-pounds,
Despite his improvements, which were largely the result of careful des ign
and manufacture, particularly of the cninndu Smeaton’s engine had a
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thermal efficiency of less than 1 per cent.
It was James Waer (1736-1819) who solved the problem of the funda-
mental inefficiency of Newcomen's steam engine, Ware, a first-class erafis-

man, was employed as an inserument maker in Glasgow University where
in the winter of 17634 he was responsible for the repair of 2 model New-
comen engine which was faulty in operation. His investigations led to the
realisation that enormous thermal losses resulted from having to raise and
lower the temperature of the cylinder at cach stroke, as steam was admitted
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10 Elsecar beam engine, Open top of steam cylinder showing piston

and subsequently condensed. As he wrotw later: 1 perceived that, in order
to make the best use of steam, it was necessary—first, that the cylinder
should be mainrained always as hot as the steam which entered it; and,
secondly, that when the steam was condensed, the water of which it was
composed, and the injection itself, should be cooled down to 100" {F), or
lower, where thar was possible.” His solution was to connect a closed vesel,
exhausted of air, to the steam cylinder by 1 pipe. Steam rushed into this
vessel, which was kept cool by cold water injection, and continued t do so
until all had condensed. This was the basis of Watt's separate condenser
(Fig 6), perhaps the greatest single improvement ever made in the efficiency
of the steam engine. In order to keep the condenser free of air and the
water resulting from injection and condensation, he used a pump connccted
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w the beam, while the working cylinder was kept permanently hot by
means of a steam jacket. To improve efficiency still further, steam instead of
atmospheric air was used to press the piston down, the piston rod passing
through a steam-tight gland or stuffing box in the cover of the cylinder.
Wart patented his separate condenser in 1769 and in 1773 entered into
parmership with the Birmingham entreprencur and industrialist Marthew
Boulton (1728-1809), whose works he had once visited when on a journey
to London, There were only 8 years to run on the condenser patent but
Watt successtully pentioned Parliament for an extension to 1800 and in
1776 completed his first two fullsize engines, one for colliery drainage at
Tipton, Suffordshire, and the other for blast furnace blowing at John
Wilkinson's ironworks near Broscley in Shropshire. At his Broseley works



STEAM AND INTERNAL COMBUSTION ENGINES 80

2 years carlier Wilkinson (1728-1808) had developed and patented a boring
mill, initially for guns and then for steam engine cylinders. The significance
of the boring mill in the success of the Watt engine cannot be overstimated
as, for the first time, a large diameter bore could be cut so accurately that
‘a 72 inch cylinder would not be further from absolute truth than the thick-
ness of a thin sixpence in the worst part’. A model of 2 water-powered
multiple-spindle cylinder boring mill can be seen in the Science Museum,
South Kensington. There too are some of the most important relies of Watt's
carly career, including the cylinder and condenser which he probably used
in his original experiments and the contents of his garrer workshop from
Heathfield, Birmingham. The workshop, containing some 6,000 separate
items, was left undisturbed from 1819, when Watt died, untl its removal
in 1924 to the museum, where it has been set up in a replica room. The
model Newcomen engine on which Watt carried out his carliest work on
steam power is preserved in the Hunterian Museum at Glasgow University.

The first Boulton & Wart engines were an immediate success, consuming
less than one-third of the coal used by the Newcomen rypes commonly in
use, and as a result bringing enquirics from all over the country. The demand
was greatest in Cornwall, where coal was expensive, so that within a few
years all the atmosphenc engines there had been replaced. The basis for
installation of a Bouleon & Watt engine was to charge a royalty equal to one-
third of the saving in the cost of fuel as compared with that of a ‘common’ or
atmospheric engine. Two engines at Poldice Mine, Cornwall, were tested and
used as the standard. To register the number of strokes of the engine, from
which the premium paymenss were calculated, a pendulum-operated counter
in a locked box was attached to the beam,

Further improvements were devised by Wart, with the active encourage-
ment of Marthew Boulton, who fully appreciated the potential market for
efficient and reliable steam engines. In 1782, three important advances in
design were patented by Watr, The first was to make the engine double-
acting, that is to apply stcam alternately on each face of the piston instead of
only to the top as had been the previous pracuce. Thus twice the power
could be developed from the same cylinder volume. The second used the
steam expansively and, when perfected, resulted i considerable savings of
fuel. The principle was that by closing the inlet valve to the cylinder when
the piston had completed only a part of 1ts stroke the steam already in the
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cylinder would seill do useful work by expanding and pushing the piston
through the remainder of the stroke, but with diminishing force. Although
less work would be done, still less steam would be used, hence the fuel
saving. At first the cconomies resulting were very small, but as steam
pressures increased, the practice of expansive working became all-important,
forming the basis for the highly cfficient compound engines of the late
nineteenth cenrury.

Woart's third 1782 patent was a secand best, an attempt to circumvent
another idea patented 2 years carlier and possibly stolen from him by one
of his own workmen. The idea of developing the steam engine to provide
rotary power and thus drive machinery was exercising the minds of several
engincers in the 1770¢ and carly 1780s. The far-secing Boulton was well
aware of the huge new market that the ‘rotnve’ steam engine could tap
and pressed Watt hard 1o produce a satisfactory design. It is characteristic
of the two that Boulton, the enthusiastic businessman, should write in 1783
". - . the people in London, Manchester, and Birmingham are Steam mill
mad . . " and that the dour Wart should grumble in the following year
"+« surely the devils of rotations is afoot’. The problem was to adapt the
smple reciprocating movements of the beam engine to produce rotary
power. Nowadays one would imagine nothing could be simpler than the
use of the common crank to connect the end of the beam to a rotating shaft,
and even in Watt's time the crank was a well known mechanism in everyday
use on the foot lathe and spinning wheel, What was not appreciated, however,
was the Eict that the variable stroke of the beam engine, which Wart at first
feared would wreck any attempt to adape it to rotary motion, would be
controlled and regulated by using a connecting rod, crank and flywheel.
Unfortunately for Wate another engincer, James Pickard of Birmingham,
patented the crank first in 1780 after using it to replace an unsatisfactory rack-
and-pinion drive to a rotating shaft. Wart held numerous patents himself
and suffered throughour hus life from others infringing them. Instead of
contesting Pickard's patent, he thought it politic to devise a substitute. The
result was the sun-and-planet or epicyclic gear in which the ‘planet’ wheel,
fixed rigidly to the end of the connecting rod, is made to move round the
perimeter of 2 “sun’ wheel keyed to the driven shaft. A property of this gear
is that the flywheel will revolve rwice for every double stroke of the piston,
something of an advantage with the carly and slow-moving engines, The
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gear was used until 1802 although Boulton & Ware built engines with
cranks before and after the expiry of Pickard’s patent in 1794.

Two further Watt inventions are worthy of note, particularly as they cover
features familiar on almost all the beam engines surviving today, In 1784
Watt solved the problem of a satisfactory connection to transmit the simple
up-and-down movement of the piston rod to the end of the beam, which
described a segment of an arc. The ‘parallel motion’ devised by Watt
combined the three-bar motion and the pantograph in 3 most elegant way
and Watt himself stated that he was more proud of this invention than any
of his others.

To ensure steady motion of the engine under variable load conditions,
Watt introduced, in 1787, the conical pendulum centrifugal governor, con-
sisting of two balls which fiew outwards as speed increased to move a sleeve
which by linkage controlled a butterfly valve in the steam pipe. Wate
neither claimed this invention as his own nor anempted to patent it, as it
had already been used in flour mills to regulate the speed and distance apart
of millstones.

With the advent of rotary power generated by stéam, industry was on
the verge of a major technological breakthrough. By 1800, when Wast's
partership with Boulton ended and the patent on the separate condenser
expired, 496 engines had been built, of which 108 were rotative, A fow of
these were rated at 4o hp but most had an ontput of between 15 and 20 hp,
well within the capacities of the major prime mover in use at that time, the
waterwheel, The main advantages of the steam engine, however, were its
freedom from siting problems and unreliability of water How, which re-
siricted the widespread application of water power, Indeed Marthew
Boulton's first interest in the steam engine was aroused by the lack of warer
for driving waterwheels in summer, the ‘thirsty season’,

The distribution of Boulton & Watt engines, drawn up from the very
full records of the firm's trading now housed in the Birmingham Reference
Library, provides an indication of the impact of steam power on industry
in the last quarter of the eighteenth century. It shows a wide dispersion both
geographically and in terms of the variety of industris in which the engines
were used. The poor representation of Watt engines at collieries is to some
extent misleading, however, as the coal industry had actively tken up the
Newcomen engine for pumping purposes and, as fuel costs were not an
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important factor, there was litle incentive to change. Thus in the
Northumberland-Durham  coalfield, which had fifty-seven Newcomen
type engines in 1769, only six Boulton & Watt engines were in use by 18o0.

Those industries able to take greatest advantage of the rorative engine did
so enthusiastically. Cotton mills, woollen and worsted mills, flax mills,
textile finishing works, forges and foundrics, metal workshops, pot banks
and glassworks, corn mills, breweries and distilleries, canals and waterworks
were all using steam 1o some extent by 1800. Over one-third, 114 engines,
were in use in the textile industry and cotton alone accounted for ninety-
two of these. Next were ironworks, with a total of thirty-seven engines,
followed by collicries with thirty-three mainly for pumping, while corn
mills, breweries and distilleries together employed thirty-nine engines. As
Watt had a virmal monopoly of steam power until 1800, these figures
represent fairly accurately the relative degree of penctration of steam power
into industrial activity in Britain. The geographical distribution, shown in
Fig 7, is just as interesting, illustrating the early establishment and relative
importnce of the industrial areas we know today. Only Shropshire and
Comnwall, where the iron and tin industries respectively have declined, are
over-represented in terms of today's pattemn of industrial distribution. A
total of fifty-five engines were in use in Lancashire, largely in the cotton
: . The next highest total, of forty-one, was in Middlesex, demonstrat-
il the enormous, and often overlooked, significance of London as an
ndustrial centre.

The beam engine enjoyed greatest popularity for driving machinery
between 1800 and 1860, but in both its rotative and non-rotative forms it
was in vogue for water and sewage pumping unril the carly 1900s. Few non-
pumping engines arc still in active use, although a number are preserved.
An carly example of a Wart engine, dating from 1788 and complete with
sun-and-planet gear, wooden beam and centrifugal governor, may be seen
in the Science Museum, South Kensingron. A pair of beam engines still in
regular use drive mashing and milling machinery in the Ram Brewery,
Wandsworth (170/TQ 256747). Buile by Wentworth & Sons in 1835 and
1867 these compound engines exhibit all the classic features, including slide
valves, lattice eccentric rods (introduced by Murdock in 1799), cast-jron
beams, timber-lagged cylinders and the immaculate cleanliness so typical
of steam engine maintenance,
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DISTRIBUTION OF BOULTON & WATT
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The mechanical fascination and rremendous visual impact of the large
beam engine has led to numerous examples being preserved in sity, although
all too few are in steam. At Stretham in Cambridgeshire (135/TL s17730)
one survives for fen dramage. Installed in 18371 by the Butterley Company of
Derbyshire, it has a single cylinder of 3om diameter and $fe stroke and
developed 105 hp at 13 to 16 rpm. A scoopwheel (Plate 11) acting, in effect,
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Newcomen atmospheric beam engine

Watt single-acting beam engine

[

Fig 8 A Developed for mine
pumpmg, the Newcomen
engine wsed the pressure of
the stmosphere fisr its power
stroke. A partial vacoum was
created in the cylinder be-
neath the piston by conden-
sing the steam with & cold
Water jet.

B In Watt's engine the effi-
ceney  was  improved by
condensing the steam in 3
separate vessel — the separare
condenser — thus avoiding
the altemate heating and
cooling of the cylinder. The
engine was still only Ffor
pumping

Watt double-acting rotative beam engine

sun & planet goar

04

C In the rotative engine —
the first heat engine 1o drive
machinery — 2 number of
now  features  were  intro-
duced. The piston had seeam
pressure applied ro both top
and botom, making the
engine  doublescting. A
lmkage — the paralle]
motion — connected piston
rod to beam. The other end
of the beam drove 1 flywheel
through 2 connecting rod
and sun-and-planet gear



Single-cylinder rotative beam engine

Cornish beam engine

o

LA

D After aboumr 100 the
Common crank was almost
wiversally used for the drive
from the beam and eonnee-
ting rod. Beam engines of
this type were built in large

to the 1880y

E Efficiency was still further
improved by compound ex-
pansion using a high- and
low—pressure cylinder both
at the same end of the beam.
Wooll' compound  engines
were widely used in water
pumping stations and 1o 3
lesser extent in small factories

F The Cornish engine wus 4
highly efficient single-actng
development of the nom-
rorative  beam  pumping
engine, and was uwsed ex-
tersively in tin mines. D=
veloped by Richard Trewi-
thick 1t used high-pressure
steam,  expamsive  working
and condenanion to obtain
nuXETEIn cConomy
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McNaught compound beam engine

- _ Fig o A Patented I tBes,
the McNaught principle con-
sisted mudally of the addinon
of 3 high-pressure cylmder
to the flywheel end of an
existing beam engine, thus
deriving  compound expan-
don and reducing  stress,
Later many large beam
engines were buile in this
form

Grasshopper engine
B The grasshopper engine

was wsally small and com-
pact, based on a single bed-
plate, allowing easy insts-
lation, The beam was pivoted
=5 A7 at onc end instead of at the
centre, and the dove o the
comnecting rod was taken off

at an mtermediate  point
nearthe puston rod end
Maudslay table engine

C Maundslay's able engine
also had the advantage of
compactess nd case af
installation. The beam was
dispensed with altogether and
4 dircct commection  made
between the vemical piston
T fdd  and crankshaft

the
mounted st 3 low [lewel
below the cylmder. It was
widely used as 3 small facrory
power unit



Single-cylinder vertical engine

P In the singlecylinder
vertical  engine the dnve
was smilar but the erank-
shaft was mounred verrically
above the eylinder. The type
was used in factories and
mills and for colliery winding
particulacly in e North
Eaut

Single-cylinder inverted vertical engine

Single -cylinder horizontal engine

E The mwverted wvertical
sngle-cylinder engine, intro-
doced in the 18308, was
rarely large The type wa
particulurly  common  for
small factories and, with
revene gear, for  omarine
applications. Later versiom
had encloted crankcases and
forced lubrication

F Pethaps the most commaon
simple type of sewm engine,
the single-cylinder horizongal
was built in large numbers in
the second half of the nine-
teenth century. Most  had
slide valves, were pon-
condensing and the compact
cast<iron  bed made them
casy to mstall
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. G : Figio A A develop-
Horizontal tande compound engine " i° &ml"i':: o

cylinder horizontal was the
tandem-compound in which
high- and  low-presure
cylinders were mounted one
behind the other on the
same  piston rod.  Highly
soplusticared, tandem com-
pounds of medium power
CULPUL WeTe buile for textle
mills

B Anether means of com-
pounding the horizontal en-
gine was to have high- and
low-pressure  cylinders side
by side driving each end of
the crankshaft. Many mill
engines were of this type,
the drive bemg raken off the
Hywheel mm  between the

two eranks

C A development of the
compound principle involved
three stages of expansion
Steam passed from 2 high-
pressure to an intermediate-
pressure  cylinder on  the
other piston rod and thenee
to 2 par of equal diameter
low-presure cylinders, one
_ ) on each side of the engine
Horizontal twin tandem-compound engine
D The ‘twin-tandem com-
pound comisted smply of
two  tandem  compentnds
driving a sngle crankshaft,
Like the other campatind
and  multiple  expansion
engines, this type became
he highly  developed  for
powermg textile mills




Uertit;:gl compound engine

EIn its simplest form the
vertical compound was used
mainly in ships, but a small
enclosed-crankease high-
speed type, developed from
the end of the nineteenth
century, became popular for
generating clectricity

F Vertcal  triple-cxpansion
engines were. almost  uni-
versally wed in large ships
before the inwoduction of
steam turbines. On land they
became the generally accepred
succewsors 1o beam  engines
for water and sewage pum-
ping

G The owcillsting enging, in
which rocking cylinders
were mounted on trunmions
formed from the steam inlet
and exhaust pipes, had no
conneeting tods, the piston
rod being attached direcaly
to the crank, Their compact-
ness mmade them particularly
suced for we i paddle
Sloamers

H' The side-lever engine with
its low centre of graviry was
designed for marine appli-
catioh and was  iped ex-
tensively in paddle steamens
before t8so, It was basically
a beam engine with the beam
pavored at alow level,






12 Papplewick pumping
station, Natts, Detail of beam
tronnion with engine srroke

counter

like a waterwhee! in reverse lifted some 30 tons of water at each revolution
The onginal wheel was 28ft n diameter but this was increased 1o j3ftin
1848. The engine last operated in 1941 and is now under the care of the
Stretham Engine Preservation Trust.

The robust rchability of the beam engine made it popular with water
supply companies and for sewage pumping, and mn these roles it reached a
high degree of development by the latter years of the nineteenth century.
Two late engines of this type are preserved at Papplewick, Notinghamshire
(113/SK s83s22). Built by James Watt & Co mn 1884, these rotative engines
{Plate 12}, with their g6in diameter cylinders and 7ft Gin stroke, vach
raised 1,500,000 gallons of water per day from the Bunter sandstone to
supply the aity of Notungham. The iron pillars supporting the engine are
covered in intricate decoration, which recurs throughout the interior of the
engine house in tilework and stained g[:l_-;_'. windows. The whole effect is
heightened by the landscaped setting and omamental pool beloved of water-
works companies at this period. Also preserved m the East Midlands are
four séwage pumping cngines at Abbey Lane, Leicester (121/5K 589066).

11 Stretham pumping station, Cambridgeshire. Detail of scoop wheel
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13 Cromford pumping
station, Derbyshire

buile in 1891 by Messrs Gimson, 2 local firm. They form the centrepicce for
a museum of technology of the East Midlands, currently under active
rlr:velupltlml, In County Durharm, Ryhnpc pumping station near Sunderland
(78/NZ 403523), with its two 1868 rotative compound en gines by Hawthomns
of Neweastle, is under the care of the Ryhope Pumping Engines Preservation
Fund, while in Hampshire, Porsmouth City Museums are restoring two
sewage putnping engines of 1887 at Easmey (1 B1/SZ 675080).

A specialised, and in many cases very large, type of beam engine was the
Comish pump (Fig 8) developed by Richard Trevichick (1771-1833) from
an engime erected in 1812 3t Wheal Prosper tin mine ar Gwithian in Cornwall,
| The Comish engine operated at a much higher pressure than contemporary
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Warr engines, usually about 50 Ib per sq in, and used expansive working to
gain high cfficiency. It was a single-acting, usually non-rotative beam engine
in which steam applied above the piston lifted, through the beam, pump rods
in the mne shaft. The sequence of aperation was then as follows:

With the piston at the bortom of the cylinder the equilibrium valve was
opened, allowing steam to be mransferred from the upper to the lower side
of the piston as the unbalanced weight of the pump rods caused the piston
to ascend.

When the piston was at the top of the stroke the equilibrium valve was
closed and steam admitted above the piston.

At the same time the eduction valve at the bortom of the cylinder
opened to the condenser.

Thus the power stroke was effected using steam pressure on top of the
puston and a partial vacuum below cansed by condensation of steam in the
condenser.

Cornish engines were extensively used for draming mines and also found
widespread favaur for water supply pumping and other deainage applications,
a3 in the Severn railway tunnel. The increase in thermal efficiency over War
engmes was enormous with 125 million foot/pounds per bushel cliimed in
1834 from an engine with an 8o in diameter cylinder as compared with the
20 millions normally attained by the low pressure engines.

As their name suggests, they were most numerous m Cornwall, where five
engines were preserved by the Comish Engines Preservation Society and
are now in the care of the National Trust. These include one of the largest,
built in 1802, with a goin diameter eylinder, at Taylor's shaft, East Pool
(189/SW 674416), and an early rotative winding engine of 1840 ar Levant
Mine (189/SW 375146), 6 miles from Land's End. In Scotland the Cornish
engine at Prestongrange Colliery, East Lothian (62/NT 374737), built by
Harvey & Co of Hayle, Comwall, in 1874, is being restored to form the
centre of a historical site devoted to the Scottish coal industry. Last worked
m 1954, this pumping engine has 2 steam cylinder 70 in in diameter with a
stroke of 12ft.

Crofton on the Kenner & Avon Canal in Wiltshire (167/SU 262623)
has the oldest engine in the world still 1o operate on steam. The pumping
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Fig 11 Steam Engine Valves

Slide valve

The slide valve, invented in 1799 by William Murdock (1754-1839), consisted of a
metal box sliding on a flat face in which were cut the steam inlet and exhaust ports,
Steam was usially admitted at the ends and exhausted through a centmal pore under
the hallow box valve, as shown in the example llustrated. Steam pressure thus
helped recain the valve in contact with the face.

Prston valve

Like the slide valve, the piston valve was a single unit controlling steam inlet and
exhaisst, It consisted of a pair of pistons on 1 single spindle moving in 2 eylindrical
bore that had inlet and exhaust ports in its sides. As the valve ipindle moved back-
wardy and forwards in the steam chest, the appropriate ports were uncovered to
admit and exhaust steans, Both slide and piston valves had the disadvantage of steam
being sdmirted and exhausted through the same channels, with: comsequent loss of
efficiency resulting from alternate heating and cooling.

Corliss valve

The Corliss valve had none of these disadvantages, as a separate mlet and exhaust
valve was provided at each end of the eylinder. Developed by the American George
H. Corliss (1817-88) and patented in 1849, this type of valve became widely used an
large mill engines. Each valve consisted of a barrel that parsially rotated in a bored
chamber to uncover the steam port. The inlet valves were opened by the valve rods
agamst 3 dashpot. At the cor-off point the valve was released by trip gear to be closed

rapidly by the dashpot.

Drap walve

Drop valves had turned circular faces firting mto valve seats in the steam chests.
Vilve and sear were ground together to ensure that they were sweamtight. There
were four valves per cylinder, the inlet valves being raised to adimit steam and dropped
by a trip gear to provide instantancous admission cut off. Both Corliss and drop
valves gave very economicil steam consumption and steady goverming, essential
in driving textile machinery.

Uniflow engine

In the uniflow engine only admission valves were provided, as exhansting the steam
was achicved by the piston at the end of its stroke uncovering a ring of porns in the
wall of the cylinder. Although there were manufacturing difficulties with the uniflow
type, it was highly efficient because there was no alternate hearing and cooling of the
cylinder ends by steam being admitted and exhausted through them.
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14 Haystack boiler, Blists Hill Open Air Muscum, Ironbridge, Shropihire

station was begun in 1803 and designed to supply the 35 mile section of the
canal between Bedwyn and Seend with water lifted some 40 ft out of Wilton
Water, The first engine began pumping in November 1809, It was built by
Boulton & Wart in 1801 for the West India Dock, London, but was diverted
to the canal company in 1862. On the initiative of John Rennie, the engincer
for the canal, 3 more powerful engine was ordered from Boulton & Watt
and began work in 1812. Originally both engines were of the single-acting
atmospheric type operating at about 5 Ib per sq in steam pressure and using
Wart patented separate condensers, but in 1844, in an effort to increase
efficiency, they were converted to the Comish cycle of operation by Messts
Harvey of Hayle, Cornwall, with new boilers providing steam at 20 Ib per
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5q in. Later, in 1844, a Sims Combined Engine was mstalled to replace the
18ar machine, but this gave considerable trouble and was rebuilt in 1905
as a simple condensing engine, with 3 new 42 in cylinder. The 1812 Boulton
& Watt engine has been restored to working order and is doing the work
for which it was originally mstalled, It can be seen cvery Sunday and is
m steam on selected weckends throughout the year. Restoration of the
second engine is in progress,

The higher steam pressures at which the Comnish engine operated
demanded stronger boilers (Fig 12) than the ‘haystack’ (Plate 14) or "wagon’
types which were used with Newcomen and Watt engines. The carliest
haystack boilers were made of copper with 3 lead top, but after abour 1725
hamumered wrought-iron plates were used. The wagon boiler used by Watt
had a similar cross-section to the haystack but was clongated to give more
heating surface. Its rectangulir shape was also casier to make. Neither was
suitable for pressures in excess of 10 Ib per sq in, 50 sbout 1812 Trevithick
developed a cylindrical boiler with a grate set at one end of an internal
tube running through its length. At the rear the hot gases divided and passed
forward in brick flues along each side before returning beneath the bottom
to the chimney. These Comnish boilers, as they came 1o be called, generated
steam at some 0 Ib per sq in and were widely adopted as high-pressure
steam engmnes spread. They remained popular until the mtroduction of the
Lancashire boiler (Fig 13) after 1844. It that year William (later Sir Willtam)
Fairbairn (1789~1874) and John Hetherington of Manchester patented a
cylindrical boiler with two Aues, devised, as Faithairn stated, *with 3 view to
alternate firing in the two fumaces in order to prevent the formation of
smoke’, but also, of course, providing a substantially increased heating surface;
Lancashire boilers are still in common use and examples may be seen
association with most of the preserved engines already mentioned. The
Cornish boiler has almost completely dissppeared, but Trevithick's 1812
original is preserved at the Science Museum, South Kensington. Many
boiler shells of both Comnish and Lancashie types may be seen converted
for use as oil storage tanks.

opening years of the nineteenth century saw several alternatives to the
beamm engine introduced to achicve greater thermal and mechanical efiiciency,
higher speeds and sumplicity of erection, This last factor was of some im-
portance as the cumbersome beam engine required skilled engincers to
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assemble it on site, was not easily adaptable to the often rapid rate of develop-
ment of factories, could not casily by resited and took up a lot of space.
Thus relatively portable self-contained direct-acting engines, dispensing with
the heavy rocking beam between connecting rod and crankshaft, began to
appear in increasing numbers. An carly form was the @bl engine (Fig o)
introduced in 1807 by Henry Maudslay (1771-1831) and this was followed
after about 1825 by numerous designs of the soon to be popular horizontal
engine having a single cylinder, slide bars and crankshaft bearings on a
cast-iron bedplate of box-girder section, In the wble engine the vertical
cylinder of the beam engme was retained but the piston rod drove 2 crank-
shaft beneath by means of two return connecting rods. lts portability made
it popular until the middle of the nineteenth century for driving workshops,
bur 1t has now almost completely disappeared. An example may be seen at
the Science Museum.

The horizontal engine was introduced as early as 1802 by Richard
Trevithick as one of a number of his experimental designs using high-
pressure steam. Another high pressure design by Trevithick, but employing
a vertical cylinder, is preserved in the Science Museum. The horizontal
engine (Fig 9) was litde exploited untl after 1830 and did not become wide-
spread until the 18505 After this date, however, simple single-cylinder
horizontal engines were produced in large numbers for use in breweries,
saw mills, small engineering shops and many places where an easily main-
tained power unit was required. Firms such as Tangye of Birmingham made
standard designs in a variery of sizes which could be installed either as 2
single cylinder version or with two identical eylinders, one on each side of
the Aywheel, An example of this latter type dating from 1885 is still used to
power the Port of Bristol Authority workshop at Underfall Yard, Bristol
(156/ST s72722).

The direct-actng vertical engine (Fig ¢) with the crankshafe above the
cylinder was patented in 1800 by Phineas Crowther of Neweastle-upon-
Tyne but its only widespread application seems to have been for collicry
winding in the Northumberland and Durham coalfield. One remaining
example is preserved at Beamish Colliery (78/NZ 220537) under the care of
the North of England Open Air Museum, The inverted vertical engine
(Fig 9) with its crankshaft immediately below the cylinder was imroduced
in the 1840s by James Nasmyth (1808-90) as a logical derivation of his steam
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hammer design of 1839. It achieved considerable popularity asa small power
source, particularly in the marine application of driving screw propelless,
Various types of supports for the cylinder can be found, ranging from a single-
side cast-iron frame with or without a turned stecl column at the open side
to a symmetrical ‘A" shaped casting. Later versions, built in large numbers
well into this century, have the connecting rod and crankshaft completely
enclosed, in the same manner a5 2 motar car engine, and operate at high
speeds with pressure lubrication.

Despite this profusion of new engine layouts during the nincteenth century,
the beam engine continued w be built with various modifications and one
or two ingenious adaptations. One of these was the grasshopper engine
(see Fig 9) patented in 1803 by William Fremantle, the same principle being
employed by Oliver Evans in America at about the ame time, In this design
the piston rod was connected by a pin to one end of the beam while the
other end was supported on two long back links which allowed it to rock
backwards and forwards. The centre of the beam was constrained by radius
arms and the drive to the connecting rod taken off at a point between the
centre and the piston rod link. The major advantage of the engine was one
of compactness. Another beam engine vanant, introduced nm 1805 by
Martthew Murray (1765-1826), had the beam centred below the cylinder and
crankshaft. Side rods cannected the piston rod to one end of the beam while
the other had a connecting rod driving upwards on to the crank. Its low
centre of gravity made the engine (Fig 10) popular in paddle steamers, and
an example may be seen in the tog Reliant, buile in 1907 by J. T. Eleringham
& Co of South Shiclds, and on view in the Neptune Hall of the National
Maritime Museum at Greenwich.

By far the most significant advance in steam engine design in the nineteenth
century was the introduction of the compound or multiple cylinder ex-
pansion principle, initially applied to the beam engine and later providing
the basis for a wide variety of highly efficient direct-acting engines. As
carly as 1781 Jonathan Homblower (1753-1815) had patented an engine
with two ¢ylinders in which the steam was introduced to the first direct
from the boiler and was exhausted into 4 second eylinder of larger diameter
whete it continued to expand and do useful work on the piston. It was not
found to be significantly more efficient than the contemporary Wate engine,
but in 1804 Arthur Woolf (1776-1837) revived the idea using high-pressure
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steam. Although reasonably successful, Woolf's engines (Fig 8) were not
widely adopted, being more expensive and complicated than the Cornish
engines of Trevithick with which they were compared. In 1845, however,
William McNaughe of Glasgow introduced an ingenious and highly suceess-
ful method (Fig 9) of compounding by adding a smaller diameter high-
pressure cylinder on the crank side of the beam of a conventional beam enginie,
between its centre and the connecting rod. This avoided overstresing the
beam and, by replacing the old low pressure boiler with a high pressure one,
both power and economy were improved without the need for a completely
new engne. By the 1860s compound beam engines were widespread and
new engines were being built in the Woolf manner with eylinders side-by-
side driving on to the same end of the beam. Compounding enabled steam
to be expanded in the cylinders to many times its oniginal volume with
minimal losses from condensation and leakage. The Ryhope engines
mentioned above are typical compound beam engines.

With high-pressure direct-acting engines, compounding (Fig 10) was stll
more successful, eventually being achieved in three and even four stages
through cylinders of successively increasing volume. The triple-expansion
type with three cylinders mounted vertically and driving on to the crank-
shaft below found favour for marine use and also as a replacement for beam
engines in water pumping stations. Two of the largest land-based triples
(Plate 15) ever built are sull in use at Kempron Park Waterworks, Honnslow
(170/TQ 110700), while another pair have recently ceased aperation ar
Otterbourne pumping station in Hampshire (168/SU 468233); both sets
were built by Worthington Simpson of Newark and date from the 1920s.

By the end of the nineteenth century the big textile mills of Lancashire
and Yorkshire were demanding higher and higher hps to drive their vast
numbers of machines and a specialised type of engine, the mill engine (Fig
14) was developed o sanisfy this need. These engines were almost mvariably
horizontal compounds and some were designed to produce as much as
4.000 hp. The two most popular layouts were the undem-compound in
which the high and low pressure cylinders lay ane behind the other with 4
common piston rod, and the cros—<compound in which the high pressure
cylinder drove one end of the crankshaft and the low pressure the other.
Between the two was the flywheel with i broad face cast in grooves for
the cotton drive-ropes that powered the mill. The engine of Dee Mill, Shaw,
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ty Kempton Park Waterworks: two of the five mripleexpansion pumping engines
built by the Lilleshall Company in the carly 1ooos

near Rochdale (101/SD 945093), is an example of the ultimare in mill enginc
design. It is a twin-tandem compound, that is it has two piston rods each
with a high and low pressure cylinder driving each end of the crankshaft.
Built in 1906 by Scott & Hodgson Ltd of Guide Bridge, the "Dee’ engine has
two 18 in diameter high pressure cylinders with Corliss semi-rotary valves
and two low pressure eylinders of 42in with piston valves, It is preserved
by the Northern Mill Engine Society in association with the owners,
Courtaulds Led, A small tandem-compound mill engine by Pollit &
Wigzell of Sowerby Bridge is displayed in the Birmingham Museum of
Science & Indistry.
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In the 18805 a new demand arose for engines to power electrical dynamos.
At first slow-speed engines were used to drive dynamos by belt but the
advantages of direct coupling led to the introduction of 4 specialised type
of engine capable of running at speeds in the region of 500 rpm. A number
of these were made single-acting to avoid the reversal of load on the crank-
pin and thus eliminate the knocking which would develop unless impractic-
ally small bearing clearances were used. The most successfidl and widely
adopted design of this type resulted from patents taken out in 1884 and 1885
by Peter William Willans (1851-92) for a central valve engine in which the
steam was distributed by a piston valve inside the hollow piston rod. The
valve was worked by an eccentric on the crankpin and the engine, which
was a vertical, bad a toully enclosed crankcase with splash lubrication.
Simple, compound and triple expansion types were made in large numbers
and vltimately in sizes up 0 2,500 hp. Although extremely economical,
they have almost completely disappeared from use and examples are much
more difficult to find than are beam engines, Willans engines can be seen in
the Science Museum, South Kensington and the Guinness Museum, St
James's Gate, Dublin.

The introduction of the steam turbine in the 18805 and its rapid develop-
ment in the following years rendered the Willans engine obsolete by the
carly 1900s, but another type of high-speed reciprocating engine was also
tivalling it by that date, This came from the Bellis & Morcam campany of
Birmingham, which introduced 2 double-acting enclosed vertical engine
in the mid-1890s in both compound and triple-expansion form, largely for
powering small gencrators. It had forced lubrication and was extremely
efficient. Large hp versions were built, up ro 2,500 hp, but these could not
compete with turbines. In small sizes, however, the Bellis & Morcom type
of cngine, made by a variety of manufacturers, is still used particularly
n hospitals and laundries where low pressure steam is required for heating
OF process work. By gencrating stcam at a high pressure and feeding it
first through an engine, electricity can be generated at very small additional
cost.

Before turmning to the steam turbine and its development, let us consider
a number of other types of reciprocating engine thar may frequently be
encountered by the industrial archacologist in a variety of applications. So
far we have dealt mainly with large cngines designed for powering fictories
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or major installations such a5 water pumping stations, but numerous steam
engines were produced after abour 1870, and well into the present century,
to provide relatively small amounts of power at almost any point where it
was needed. The most popular of these was based on the locomotive type
of boiler on which the engine itself was mounted. Its most mobile form was
the traction engine, consisting of a singlecylinder, or twim—cylinder com-
pound, horizontal engine providing power both to move the engine and to
drive machinery such as threshing machines. A similar type, known as the
portable engine, was nor self-propelled but had to be towed to where it
was needed by horses or a traction engine. It was used mainly for powering
saw mills and electricity generation at fairgrounds, A semi-portable form,
although without wheels, consisting of a boiler with the engine mounted
on it, found favour in aw mills as well as flour mills and m small, often
rurally situated, factories, where a cheaply run engine of moderate hp was
needed. A variation, known as the undertype, had the engine placed beneath
the boiler m the same position a5 the cylindens of a railway locomative.
Rarcly did these portable types of engme exceed 150 hp.

The patenting of a pracrical steam turbine in 1884 by C. A. Parsons (1854~
1931) was one of the most significant events in the evolution of heat engines
as prime movers, and marked the beginning of the end for the reciprocating
steam engine. It also brought to fruition the dreams of scientists and engineers
over many centuries who had been fascinated with this problem of rotary
power. Between 1784 and 1884 nearly 200 patents were taken out in Britain
alone for steam and gas turbines, some of them anticipating in principle
designs which were ulumately to be successful. In the turbine the steam,
instead of being used under pressure against a piston, is set in motion, and
the conversion of this pressure energy into velocity or kinetic energy produces
the rotation of the turbine shaft. Parsons® success lay i his appreciation of
the problem of expanding the steam effectively through the turbine, 2
problem which he solved by dividing the pressure drop into many small
stages, at cach of which was an elemental turbine, Each of these turbines
consisted of a ring of blades mounted on a long shaft, the rortor and the
stator, which carried simular rows of blades projecting inwards between the
rows of blades on the shaft. Steam admitted at one end of the stator Aowed

* Parsons issued instructions that the apostrophe should be amited § like thi
preferring to offend those who knew than suffer those who did not, BRI,
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paralle] to the axis of the turbine, that is axially, between the blades of the
rotor and stator altermately, eventually exhausting to atmosphere. In order
to eliminate end thrust on the rotor bearings Parsons arranged a central
admission poine for the steam, whence it flowed through two identical sees
of blades towards each end of the turbine.

The incentive behind the development of the steam turbine, like that
behind the high speed reciprocating engine, was the need for an effective
power source for clectricity generation, and in this role it proved an
immediate success. Indeed Parsons first turbine was direct-coupled to a
751 kW dynamo using steam at 80 Ib per sq in and running at a speed of
18,000 rpm. The rate at which improvements were made by the original
inventor was remarkable, and by 1900 1,250 kW units were in service,
rivalling in power output and efficiency the best reciprocating engine
generators, In 1897 the first practical marine application of the rurbine was
made by Parsons in the experimental Turbinia fited with three axial flow
turbines direct-coupled to three serew propelless, Steam from the boiler
was led first to the high-pressure turbine on the starboard side, then passed
to the intermediate pressure turbine on the portside and next to a low pressure
turbine placed amidships before being exhausted to the condenser. A separate
rurbine on the central shaft drove the vessel astern. The specracular intro-
duction of the marine turbine to the assembled navies of the world at the
1897 Spithead review, when Turbinia raced up and down berween the ranks
of ships at an unprecedented 34-5 knots, established beyond all doubt its
supremacy over the reciprocating engine. Exactly 10 years later the Cunard
liner Mawretania of 38,000 tons ateained 26,04 knots powered by steam
turbines of 70,000 hp.

Two important Parsons turbine gencrating umits are preserved in the
Seience Muscum, South Kensington. These are his original 1884 unit with
bipalar dynamo and the first condensing turbo-alternator of 100 kW built
for the Cambridge Elecie Lighting Company, Other Parsons turbines
may be seen at Abbeydale industrial hamlet, Sheffield; Glasgow An Gallery
& Muscum, Kelvingrove: and, appropriately, Newcastle-upon-Tyne
Muscum of Science & Engineering, where Turbinia is also preserved. Also
at Glasgow Museum arc an early De Laval turbo-generator and a high
pressure and low pressure turbine from the Clyde steamer King Edward
of 1901, the first commercial turbine-driven vessel in the world.,
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The steam engine, as we have seen, was the first effective power source 1o
release man from his relisnce on natural agencies—on his own muscles,
the use of animals or on windmills and watermills. Power was available
m almaost unlmited quantities for the drving of machines and the carly
application of steam to transport in the form of ships and railways means
that this one prime mover occupics a fundamental position in the expansion
of industry and the development of industrial society in the last 250 years.
Over this period the reciprocating steam engine has come to command a
respect quite unigue among machines, from a wide range of people who
gain some acsthetic satisfaction from the sight, sound and smell of 3 steam
engine in action. Today the industrial archacologist, in tracing the evolution
of the steam engine, can find numerous examples preserved which illustrate
many of the major stages of development, although beam engines of one
type or another are by far the most numerous. So far very few of the last
generation of large steam engines have been kept and, although a number
of mill engines, colliery winding and pumping engines are still in regular
use, their numbers are decreasing rapidly, The Dee Mill engine at Rochdale
i5 the exception which proves the rule but as yet no example of the big
triple-expansion vertical pumping engines built in Jarge numbers down to
the 19205 has been scheduled for preservation. Similarly the steam turbine,
much less interesting visually, does not have a wide enthusiast following,
and only a few soull and early examples have been preserved, as static
exhibits in muscums,

THE INTERNAL COMBUSTION ENGINE

The significant history of the internal combustion engine lies mainly in the
period berween the 18505 and the present day, although the experimental
beginnings go back much furdher. Indeed the concept of buming fucl in
the working cylinder is older than that of the steam engine itself, being
ascribed to the Dutch scientist Christiaan Huygens (1620-95) who devised
amachine using burning gunpowder to provide the expansive forces necessary
to raise a piston. Cooling of the gases created a partial vacuum and atmos-
pheric pressure forced the piston down. It was the substitution of gunpowder
by steam, using an external fuel source, that was to lead to the development
of a practicable engine in the carly eighteenth century.
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It was not until 1859 that an engine burning its fuel within the cylinder
was devised to operate continuowsly under industrial conditions, but by
then the steamn engine was universally established and in an almost unassail-
able position, Earlier experimental machines had been built and an engine
made in 1820 by the Rev W, Cecil of Cambridge using hydrogen as a fuel
was peehaps the first internal combustion engine to work in Britain or, for
that marter, in the world, Nothing came of it, however, nor of the dozens
of patents for ‘gas exploding’ engines taken out in the firse half of the nine-
teenth century.

Success was finally achieved by & Frenchman, Etienne Lenior (1822-1900),
who in 1859 introduced a gas engine resembling in appearance a double-
acting horizontal steam engine. A gas and air mixture was admitted ar
cach end of the cylinder alternately but there was no compression. The
mixtuse was introduced during the early part of cach stroke, then fired by
an electric spark and expanded during the remainder of the stroke. There
were thus rwo explosions, one on ecach side of the piston, per revolution
of the crank. While induction, ignition and expansion were taking place
on one side of the piston, bumnt gas was being exhausted at the other,
Although small, ranging between § and 3 hp, and consuming rather large
quantities of gas, Lenoir’s engine achicved a considerable measure of success,
300-400 being in use in France by the mid-1860s. An example can be seen
in the Science Muscum, South i

In 1862 another Frenchman, Alphonse Beau de Rochas (1815-91), obtained
a patent for a gas engine employing what we now call the four-stroke eycle.
He laid down a range of conditions for good efficiency, namely: the eylinder
should have the greatest possible volume with the least possible cooling
surface, there should be the greatest possible rapidity of expansion and
ratio of expansion, and the greatest possible pressure in the eylinder at the
beginning of expansion. These conditions led to the following sequence of
events in his engine:

! Suction or induction of the gas-air mixture during a complete outward
stroke of the piston.

2 Compression during the following inward stroke.

3 Ignition at or near the dead point followed by combustion and expansion
during the third stroke,
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4 Exhausting of the burnt gases from the cylinder on the fourth and
final inward stroke.

The cycle is then repeated. Beau de Rochas did not follow up his theory
and it was left to 2 German engineer, Dr N. A. Otto (1832—51), to put it
into practical operation.

During the 1860s Otto had developed an ‘atmospheric’ free piston gas
engine bearing striking resemblances in its principles of operation to the
Newcomen steam engines of 2 century and a half earlier. The piston, mounted
in an open-topped vertical eylinder, was raised by the expansion of gases
ignited beaneath it. Cooling and contraction of these gases resulted in the
atmospheric pressure on top of the piston forcing it down. This was the
working stroke, and a toothed rod, or ‘rack’, attached to the piston engaged
in a gear wheel on 3 shaft converted its motion into rotary power suitable
for driving machinery. Fuel consumption was substantially less than in
Lenoir's engine and, after its introduction by the firm of Oto & Langen in
1867, it had soon driven almost all competitors off the market. In Britain
Crossley Bros Ltd of Manchester produced the engine under licence in a
varicty of sizes and a number have been preserved in museums. Examples
of the 2 hp rype may be seen at South Kensington and Glasgow Art Gallery
& Muscum, while Bristol City Museum has a 4 hp version in store.

By 1876 Outo had produced a still more successful engine operating on
the four-stroke cycle proposed by Beau de Rochas, The ‘Otto Silent Engine'
without doubr marked a milestone in the progress of the internal combustion
engine, being the first really strong competitor to the steam engine and,
in proving the practicability of the fourstroke cycle, forming the basis
for the motor car engine of today. Crossley's took up this new Otto engine
and produced a variety of sizes under licence. Large numbers have found
their way into museums, as have similar slow-speed single-cy linder horizontal
gas engines made by other Batish manufacturers. A number of types and
sizes may be seen in the Birmingham Museum of Science & Industry, where
a Tangye engine is usually running on gas.

Inall these early four-stroke gas engines steam engine practice was followed
to a large extent. They were usually slow-speed harizontals with admission
of gas and air controlled by a slide valve. Although some engines used electric
ignition, others relied upon a continuously burning Aame inside a3 chamber
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in the cylinder wall. When the firing point arrived, the slide valve opened
a slot exposing the flame to the mixture in the cylinder. Ignition of the gases,
however, extinguished the flame itself so it was necessary to have a second
one outside the chamber in order to re-ignite the internal flame. At
the moment of ignition the external Aame was shut off from the nternal
one. A later idea was the hot tube kepr at brighr red heat by an external
flame.

The fuel used in most of the carly gas engines was town gas, but gas
from coke ovens, blast furnace gas and producer gas were also employed, By
the end of the nineteenth century special gas producers, using coal, were
being made for direct coupling to gas engines, thus making them independ-
ent of piped gas. In most designs the main piston of the engine was used to
draw air into the producer, In the 1870s 3 number of engincers, notably in
Austria and the United States, were experimenting with engines using an
oil fuel instead of gas but lirtle success resulted, largely because of difficulties
in getting the oil into a sufficiently divided or atomised state 1o be easily
combustible. The first really satisfactory design was the Priestman engine of
1886, which used paraffin (kerosenc) as its fuel. The ligmd was atomised
by compressed air and vaporised in a vesel heated by exhaust gas before
being drawn into the cylinder with the fresh air charge and ignited by
electric spark. The Homsby horizontl oil engine had a vaporiser ar the
end of the combustion chamber, on the cylinder head, and a special porrable
oil lamp was uted to preheat it before starting, while in Crossley engines
vaporisation was achieved in a spiral pipe encircling the oil lamp chimney.
Once the engine was started and reached its operating temperature, the
lamp was no longer required. All these early oil engines were slow-running
single-cylinder water—cooled horizontals similar in general arrangement
to both gas and stcam engines of the period.

About 1890 a very different type of oil engine was designed by Herbert
Ackroyd-Stuart (1864-1927), who owned an iron foundry at Bletchley
where he conducted experiments with the advice of Prof William Robinson
of University College, Nottingham. The engine had a combined vaporiser
and explosion chamber forming part of the cylinder head. The vaporiser.
which was in the shape of an elongated bulb, was maintained by the héat
of combustion at a temperature high enough o vaporise the oil which was
injected directly into it, and high enough to cause ignition of the fuel/air



123 STEAM AND INTERNAL COMBUSTION ENGINES

muixture at the end of compression, For starting purposes the vaporiser was
heated with a blow lamp.

The Ackroyd-Stuart engine exhibited two features of grear importance.
It required no devices for igniting the inflamniable mixture, once it had
started, and the fuel was injected "solid', that is, withous the use of atomising
air. These two features are chamacteristic of the modemn high-speed oil
engine, but it must be emphasised that the modern engine is fundamentally
one of high compression, whereas the Ackroyd-Stuart design deliberately
avoided high compression and provided auxiliary means for reaching the
necessary ignition temperature. Lack of capital prevented Ackroyd-Stuart
from carrying on his experiments and in 1891 he sold a licence to manu-
facture his engines to Ruston & Co of Lincoln, who made them suceesfully
for a number of years.

Rudolph Diesel (1858-1913), 3 German engineer born i Paris, was
responsible for taking the final siep of developing an engine in which
ignition took place solely by the heat generated by compression. His principal
aims were to circumvent the two main sources of heat loss in an internal
combustion engine—by controlling the maximum temperature; through
the gradual introduction of the fuel, and by lowering the temperature of
the exhaust gases. To these ends he designed an engine waorking on the
four-stroke cycle in which pure air only was compressed by the piston fo
a very much higher degree than the mixture in any former type of oil
engine, An injector pump then forced 3 minute but accurately determined
quantity of oil into the combustion chamber, where it ignited spontancously
on contact with the compressed air. It was found that its maximum thermal
efficiency was some 11 per cent higher than that of any other form of prime
mover and that the engine worked well on a wide variety of petroleum oils,
Initial disadvantages resulted from high weight, a5 the engine had to be
solidly built to withstand pressures of up to thirty-five times atmospheric,
but improved construction techniques had, by the 19204 put the Diescl
engine into a strong competitive position for both statisnary and automotive
uses.

It was Gottlich Daimler (1834-1900) of Warttemberg who successfully
developed the small hightweight high-speed engine running on liquid fuel,

in this case light petroleum spint. In 1885 he patented 3 singlecylinder
vertical engine with enclosed erankease and flywheels. From this design all
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subsequent Daimler engines were derived and in two- and eventually four-
cylinder versions this type of engine formed the basis for the evolution of
the motor car. A suction-operated inlet valve was used with a mechamcally
worked exhaust valve, a governor being arranged to prevent the latter
opening when engine revolutions exceeded a predetermined speed, Intro-
duction of the fuel was not such a difficulty as with the oil engine, as petrol
vaponses readily in the presence of air. Wick feed carburettors were soon
o give way to jet feed types, particularly for road vehicles.

Almost exactly contemporary with Daimler’s introduction of the high-
speed engine in 1885, Karl Benz (1844-1920) was butlding his first motor
vehicle. This incorporated a horizontal engine using petrol as a fuel and
operating on the ‘Otto” four-stroke cycle but at the slow speeds of a gas
engine. It was the high-speed engine pioneered by Daimler which eventually
triumphed, however, and although a number of ingenious variations and
layouts were tricd in the period before World War 1, the general arrange-
ment of vertical watercooled cylinders and enclosed crankease is still by far
the most popular type of motor car engine throughout the world. Numerous
early motor cars are prescrved in museums and often their engines can be
examined closely. Notable collections include those of the Natonal Motor
Museum at Beaulieu in Hampshire; the Science Museum, South Kensington;
the Herbert Art Gallery & Muscum, Coventry; and Glasgow Transpore
Museum. For a real appreciation of the carly motor car enging in operation,
however, the London to Brighton road on the first Sunday in November,
the oecasion of the Veteran Car Club Run, enables one 1o see, hear and smell
the faltering post-natal beginnings of the machine which has had such a
fundamental effect on the fives of us all. The Historic Commercial Vehicle
Club run takes place over the same route on the first Sunday in May.

Despite the fact that the internal combustion engine is so familiar, and
ndeed commonplace, in the everyday world, its origins and early vears are
as much the province of industrial archacological enquiry as are those of the
steain engine, The rate of development of mternal combustion engines has
been such that almost any example dating from before 1930 and still in use
is a rarity. Paradoxically it is often the Ono-Crossley gas engine of the 1880s,
slow-running and slow to wear out, which has survived to be preserved,
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Tne carliest miners were interested in fing, from which they made their
tools, and to reach the best layers in the flint-bearing chalk, they excavated
simple pits. These first mines, probably excavated by Mesolithic or Middle
Stone Age Man of perhaps 10,000 vears ago, were little more than simple
holes in the ground; but by the Neolithic period, which ended about 2000 B¢,
much more sophisticated mines were being dug, with galleries extending
from shafts to the Hint-beaning levels. The fine mines of Europe were on or
near the chalk outcrops in northern France, Belgium and southern England.
In Norfolk the most extensive mining site, which is known as Grimes Graves,
covers some 34 acres, but smaller temains survive at Cisshury in Sussex,
Worthing and Chichester.

The succceding Bronze Age saw the working of lead, tin and copper, and
finally iron, which displaced the tincopper alloy bronze as 4 toolmaking
material. Coal too may have been worked at places where it outcropped
and even possibly in small pits of shallow depth. It was of some small
importance to the Romans in Britain but the Saxons and Danes appear to
have disregarded coal almost entirely, wiing wood and peat to heat their
dwellings. No mention of coal occurs in the Domesday survey of 1086,
bur by the time of Magna Carta in 1215 the industry had certainly started
on the banks of the Rivers Tyne and Wear and the Firth of Forth, where coal
was gathered from outcrops and occagionally mined.

Coal did not become a really important fiiel until the sixteenth century,
and in terms of industrial development it was not of major significance
until the middle of the eighteenth. From then on, however, coal was far
and away the most important of all the natural resources of Britain, pro-
viding heat for both the smelting and fashioning of metals and the generation
of steam. Initially coal was not a popular fuel and for domestic use wood
and charcoal were generally preferred. Only poor peaple living near the

workings burnt coal. The impurities in coal which caused the noxious fumes
s0 distasteful to the domestic user in a house with inadequate venrilation also

caused problems to industry, 5o it was in a punified state, as coke. that coal
was first used on a really large scale for industrial purposes. Thus coke was
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the first successful replacement of charcoal for ron smelting in 1709
Similarly, it was not until 1859 that the introduction of the brick arch into
the fircboxes of railway locomotives enabled coal to be bumt satisfactorily.
Previously coke had been used in all excepe small and relatively inefficient
engines working in or near collieries.

This does not mean that coal had no industrial uses. Limeburners, bakers,
brewers and glassmakers, for example, all adapted their processes to bumn
coal and, as the huge forested areas of England became decimated, the price
of timber, coupled with the strategic nmber requirements of the Royal
Navy, stimulated an increase in the use of coal wherever possible. By the
1760s the coal industry was growing at a rapid rate, and it reached its peak
in 1913; since then it has suffered a steady decline in the face of oil, and
more recently natural gas and nuclear power. It is worth remembenng,
however, that most of the electricity generated in Britain comes from coal-
fired power stations,

The first access 1o coal was at outcrops where it could be picked up on the
ground, and on beaches where coal in cliffs was being constantly eroded. By
the vwelfth contury small quarries and ditches were being dug, and in the
thirteenth century, in addition to such opencast methods, coal was also
being won from shallow drfts and bell-pis. Drifts were usually found
hilly districts and consisted of more or less horizontal tunnels or galleries
cut into the hillsides and following the seams of coal. A number of privately
owned drifts are sull being worked under licence today, and although they
are small by twentieth-century standards, they are much larger than their
thirteenth-century predecessors. In areas such as the Forest of Dean in
Gloucestershire there has been a continuous history of drift mining, and the
"frec miners’ of the Forest still exercise their medieval rights to mine coal
(Plate 16), Their workings, although mvolving some modemn equipment,
are listle alrered from those of § centuries ago and mclude many of the basic
techniques of mine operation. A reconstruction of a small drift mine can be
scen ar Blists Hill Open Air Museum, lronbridge, Shropshire. Recently
the National Coal Board has built 1 number of new large drift mines,
notably in South Wales and Yorkshire.

Problems of venmlation and drainage limited the size of the carly drift
mines, but whete coal lay ar only a shallow depth below the surface, it
was won by sinking bell-pits, a simple’ process involving little equipment



1t A free miner's working near Packend, Forest of Dean, Gloucestershire

and no drainage or ventilation gear. Bell-pits are so called because, when
viewed in section, they have the shape of bells. A pit was sunk like a well
shaft to a shallow coal seam and the coal at the foor of the shaft was then
taken. Next, it was cut away around the pit boteom in all directions until
the sides were in danger of collapse. The pit was then abandoned and 2 new
one started nearby. Bell-pits (Plate 17) were rarely more than joft deep,
usually circular in plan, and often dug very close together. Very fréquently
they collapsed after thetr abandonment, so that areas of bell-pit working
can now be recognised by a characteristic pock-marked surface to the ground
made up of numerous circular depressions 20-30ft in diameter. Evidence of
bell-pits can be found on many of the older worked coalbelds, particularly
n Derbyshire ar Stretton, Wingerworth and Shipley, in Lancashire at
Castercliff near Nelson, and in Sheopshire on Brown Clee.

Where seams lay deeper than 20ft, bell-pits were wasteful of labour, so
headings were cut out horizontally into coal for 3 thort distance from the
shaft botrom. Between these headings wide pillars of coal were lefe

o MippoTt
the roof. The arrangement was at firse wregular

n pattern, resulting in as
much as half the coal being left behind, bur it was soon recognised that it
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17 Remains of bell-ps near Wakeficld, Yorkshire

was both practicable and economical to divide the scams up inro large
pillars by roads driven at right-angles, and subsequently to follow up by
cxeracting the pillars. This method of mining is known as E.u.ml-.lu.!—p':[lar af,
more commonly, pillar-and-stall working (Fig 15). There were two distinet
stages in the cunting of coal in this way. Initally, when the bords or stalls
were being driven as working advanced from the pit bottom, the process
was known as ‘working m the whole', The second stage, of extracting the
pillars while retreating back towards the shaft was called ‘working in the
broken’, although most miners would call this ‘robbing the pillars on the
retreat’, The method of remioving pillars was to take slices off one side, the
roof meanwhile being supported by timber props. When the whole of the
pillar was cut away, the tumber sipports were withdrawn and the roof
.1”1.1“':'4:[ (4] {‘[}I]_]_Fl's{“

Pillar-and-stall working becane the standard method of coal extraction
i all the major coalficlds of Britain, and in Northwnberland and Durham
in particular continued well after nationalisation of the coal industry in 1947.
The miner of the North-East, with his highly developed tradidion of erafts
manship and skill, tended 1o be rather slow in adopting new mining tech-
miques. The system of working, in which an individual miner or small group
of men worked a stall abso engendered a craft approach and perpetuated
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this system of mimng long after it had been replaced elsewhere by other
techniques.

Pillar-and-stall working was a rwostage operation ideally suited to
workings where there was not more than about gooft of rock lying above
the coal. Where depths were greater, there was a tendency for the overlymng
rock to crush the pillars a¢, or sometimes before, they were removed, There
were also frequent problems of ventilation. To overcome these drawbacks,
extraction in one operation was developed. Known as the longwall method,
it originated in the late seventeenth contury, probably in Shropshire, but
did not come into widespread use until after 1850, In this system a wall of
coal about rooyd long is won out and remaved bodily in line. As the coal
is taken away, any stone available is built into dry stone walls or packs
6-20ft wide arranged in parallel lines at right-angles to the advancing wall
or face. The purpose of these walls is to support the roof after the layer of
coal 15 removed and thus preserve it in a largely unbroken state. Longwall
working is particularly suited to mechanical coal-cutting methods m scams
which have layers of stone or shale within them.

Once mines had grown beyond the scale of the early drifis and bell-pits,
the curting of the coal itself became a relatively minor problem compared
with those of shaft sinking and winding, ventilation and drainage. Indeed
the finding of a solution to these last two difficulties was the major pre-
occupation of miners and engineers from the end of the sixteenth century
onwards, Until answers could be found, there were specific limits to the
depth at which mines could be sunk and the distances to which workings
extended from the pit bottom. The early miners on the exposed coallields
were working in known conditions. They could see where the coal was and
assess the problems of working as they went along. Onee nunes away from
the outcrops developed, shaft sinking became speculative and some means
of discovering the presence of coal and any undesirable stratigraphical
conditions above it became a necessity. As early as 1606 Huntington
Beaumont, one of the first of the great coal entreprencurs, who had extensive
interests in Nottinghanshire and the North East, was demonstrating his
"art to boore with iron rodds to try the deepnesse and thicknesse of the cole”.
This of course was much cheaper than digging trial shafts. In 1708 the cost
of boring was said to be 15-208 3 fathom, while sinking a shaft cost 50-60s
a fathom, In 1804 James Ryan invented a boring technique which allowed
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cores 1o be extracted, and the application of steam power, first tried by
Richard Trevithick, both speeded up and cheapened exploration.

Shaft sinking was usually carried out by hand picks and shovels and wedges
for splitting rock. Later boring rods were employed, and in 1749 occurs
one of the earliest references to the use of explosives, for a 2toft shaft near
Halifax. Shafts were generally circular in section, s-12ft in diameter, with
about 7ft being the most common, though one shaft at New Rock Colliery,
Somerset (166/ST 647505), in use unul recently, is only 4ft 6in in diameter.
Square or rectangular shafts were frequent on some coalfields as they could
be casily and cheaply lined with wooden boards. Small rectangular shafts
can still be found in the Forest of Dean, although often the timber lining
has deteriorated, making them very dangerous to explore. Where water was
a problem in a shaft, it was held back with ‘tubbing’ consisting of wooden
planks arranged like the staves of a barrel or tub. The first cast-iron tubbing
used in the Midlands was ac Snibston Colliery in' Leicestershire (121/SK
417143}, sunk by George Stephenson in 1841-3. This can still be seen in the
upcast shafts. Elsewhere brick Jining was used, mostly with morear but
occasionally withour. It was cheaper to lay bricks dry, and they could be
used again when the shaft ceased production. A dry-lined shaft can be seen
below the headgear from Farm Pit, Heath Hill, reconstructed at Blists
Hill Open Air Museum, Iranbridge (119/5) 604031).

There were varions methods of raising coal up the shaft (Fig 16), of
which the earliest was a simple hand winch or windlass. sometimes known
2 4 Jack roll’ and similar to that used on a domestic well. The barrel of a
windlass of this type, found in 1069 at the bottom of 4 shaf exposed on
Stainsby Hag opencast site in Derbyshire, may be seen in the Mining Museumn
at Lound Hall Mining Training Centre, near Retford, Nottinghanishire
(112/SK 701731). To improve the performance of the hand windlass, horse-
driven cog-and-rung gins were introduced in the catly seventeenth centary,
A vertical spindle was geared to the horizontal barrel of the winch, and the
horse, attached to the spindle via 4 wooden pole, walked round the mourh
of the pit to raise coal i small baskets known a5 corves or corfes. Towards
the end of the seventeenth century further improvements were effected
with the whim-gin, horse-whim or whimsy, This new winder had the
rope drum mounted on a vertical shaft, which was crected some distance
from the pit shaft. The horse walked round rotating the drum as in the cog-
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and-rung gin and the rope passed over a vertical pulley mounted on a wooden
headgear over the shaft itself. Depending on the size of the mine, one, rwo
or more horses were employed. Whim-gins were nsed until the early
twenticth century in some places and 4 reconstructed example may be seen
at the Nottingham Industrial Museum, Waollaton Park (112/SK 531303).

The use of water power for winding purposes occurred to a limited extent
in Britamn, initially with waterwheels mounted on horizontal shafts round
which the winding rope was wound, and later using water balances. A
waterwheel for winding coal was installed at Geiff Colliery, Warwickshire,
by John Smeaton (1724-92) in 1774, and in the North East non-rotative
steatn engines were wsed 10 raise water which was also used to power *water
gind'. No evidence survives of waterwheel winders but in South Wales,
where water balances were used, a well preserved balance tower can be seen
at Blaenavon (154/SO 250004). In 4 water balance coal was drawn up the
shaft in a cage by the weight of a wb, filled with water ac the pithead, which
descended in a parallel shaft, When dhe water tb reached the bottom, the
water was deawn off through a valve, a tram of coal was placed on top of
the empty tub and then drawn up the shaft by the weaght of another descend-
ing water-filled tub. An example from the Forest of Dean is displayed in
the National Maseumn of Wales, Cardiff,

The carliest use for the steam engine, ar the beginning of the cighteenth
century, was for mine drainage, but it was not unzil 1784 that the fiesesceam
winder, a Watt engine, was erccted, st Walker Colliery on Tvneside. The
early steam winding engines were prmitive and somewhat unreliable which
encouraged the persistence of horse-gins ar many small and poorly capitalised
pits. One of the problems in tracing the introduction of steam winding
in the late cighteenth century and early nincteenth resules from the use of
the word whimsy to describe a steam engine or a horse-gin, so that it is
often difficult, if nor impossible, to distinguish one from the other, What
18 certain, however, is that steam power was rapidly adopted, particularly
in the large collerics of the Midlands and North East and that it remained
the primary means of winding both coal and men until well after nationalisa-
tion in 1947. Electric power, mtroduced about 1966, has since 1947 become
almost universal, and there are now thought to be less than ewenty stearm
winders working in Britain, although a number of dead engines suirvive,
Some have been preserved and others recorded on film.



t§ Chimneys and pumping
house, Jane Pit, Workingron,
Cumberland

Many of the early engines worked on the Newcomen atmospheric
principle with open-top cylinders and timber beams, and by the end of the
cighteenth century large numbers were being made, notably by the Coal-
brookdale Company. A Newcomen-type winder used at Farme Colliery,
Rutherglen, Scotland, between 1810 and 19015 is preserved at Glasgow
Muscum but is not on display at the time of wnting. It has 4 42in diameter
cylinder with a stroke of sft 8in. By the mid-mneteenth century a standard
layour of winding engines had developed. It comprised a drum on a
horizonea| shaft ar each end of which was a crank ; two horizontal cylinders,
ustally mounted on separate cast-iron bedplates, which also supported the
crankshaft hc;lmlgs. drove this shaft. The engineman had a control platform
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maounted above the cylinders, whence be could survey the whole engine-
house and in many cases sec the pithead too. Most engines that survive todsy
are of this twin-cylinder horizontal type. Notable among thesc 15 the engine
from Old Mills Collicry near Radstock in Somerser, buile in 1861 by
William Evans ar Paulton Foundry and now preserved by Brigol City
Muscum. This engine, which is not on display, has cylinders of 26in bore
and s5ft stroke, with a rope drum 12ft in diameter. A small horizontal
engine with one cylmder and its crankshaft geared to the winding drum
shaft instead of the more normal direct drive has been re-erected and is
running on steam at the Blists Hill Open Air Museum, Ironbridge. The
engine comes from Milburgh Pit near Broscley, Shropshire.

Of generally the same layour as twin-cylinder types is the large twin-
tandem compound engine at Astley Green Colliery, Tyldesley, Lancashite
(r01/SJ 795999), built by Yates & Thom in 1908, In many ways it resembles
a contemporary mill engine, with Corliss valve gearand a white tiled interior
to the engine house. The engine is now out of use and may be scrapped, but
there arc hopes of preserving a twin-cylinder horizontal capstan engine once
ised in connection with maintenance-of the shaft. The headstocks at Astley
Green are typical of those built at larger collienies early this century, with
four legs of lattice steel construction standing astride the top of the shaft.

A notable regional varistion from the standard horizontal winding engine
occurred in North East England, where vertical winding engines were
common on the Narthumberland and Durham coalficld. The direct-acting
vertical engine with crankshaft mounted above the cylinder, patented in 1800
by Phincas Crowther of Newcastle-upon-Tyne, formed the basts for engines
buile by Thomas Murray and James Joicey for pit winders. One example,
at Beamish Colliery (78/NZ 220537), is preserved by the North of England
Open Air Museum. Builtim 1855 by |. & G. Joicey of Newcastle-upon-Tyne,
the engine occupies a tall stone-built engine-house (Plate 19), and the tmber
headstocks have two vertical legs astride the shaft and two almost horizontal
members running back to be supported i the frone of the engine-house.
Other surviving verncal winders are at Elemore, County Durham (85/N2
156456), and Old Glyn Pit near Pontypool (154/ST 265959}, where there 1s
alw a beam engine of 1845 that was formetly used for pumping. Both
the Pontypool engines were built by Neath Abbey Works,

The introduction of steam engmes for winding resulted in new types of
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'..k'jlhlm:,_l_ rape l:cij:g used, Those nhg:n.l“k' CII'I!.".H}'L'lJ. were round and made
of hemp that consisted of several strands wrapped to torm a composite rope.
Flar ropes, in which the strands were stitched together side by side, were also
extensively used, and had the advantage that during winding the rope could
be wrapped layer upon layer on a narrow drum, thus varying the leverage.
At the begimming of winding, with the load at the bottom of the shaft, the
rope was wrapped around the smallest circumfberence of the drum and the
cmpty basket or cage on its OwWn rope at the top was wrapped round the
largest, A similar form of continuously variable gearing can be seen on the
winding drum at Astley Green Colliery, where a scroll on the side face of
the drum feeds the cable from the small diamerer ar the beginning of the
wind 1o the full diameter of the drom when the load s moving, In early
coalmines, baskets or corves were wound up from the trams at the foot of
the shaft on ’r'rl.w.:-]|.in‘_i_r|u|.:_=‘r hl'mp TOpECs, bt oWIng o the twist on the ToOpe
they tended to spin round and sway from side to side. Thus the speed of
u.-im':ing had o be slow. To overcome this swaying, shaft guuh?h were
introduced in 1787, and baskets were attached to erass-bars which slid in
wiontclen gmd;:*, attached to the sides of the shaft,



20 Cymecynon Caolliery, Mountam Ash, Glimorgan, A rymcal late mineteenth-
century hesdgesr, now demolished

The mtroduction of stranded iron wire ropes ;lffcr .'ljtmut 1340 led 1o tiln:j_[
being widely adopted for winding and ui:;l;u as shaft guides, two cables bcms
hung down cach side of the cage '"h.i stabilised by heavy weights in the shaft
sump. In Shropshire particularly, with its local chain industry, flae wrr_luglu-
iron chain was extensively used for winding purposes. Known a¢ ‘ratele
chain’, it was used in much the e way as far hemp or wire rope, and
wound on to 3 narrow drum. Despite the fact that wear in chain was difficult
to detect and breakages were sudden and unexpected, rartle ch:uu contited
in use throughout the nineteenth century, Lengths can s_n]] be found 31l
the East Shropshire coalfield, used for a wide variety of purposes,
fencing. ]

In the late 18404 cages were introduced to replace corves for
up the shafts, and by 1866 most CO"H:‘I"I:S of any size had the
corves were used as late as 1875 at William Pre, Whitehaven,

over
micl uding

lifting coal
n. Even so,
An example
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is preserved at Lound Hall Mining Muscum. The introduction of the cage,
which was basically an open-sided box running on guides in the shaft,
brought about the end of the primitive and dangerous methods of man-
riding practised in many collieries. Often colliers merely clung to the rope
to get up or down the shaft. Occasionally “man engines’ were used instead.
The cage improved the efficiency of coal winding in mines greatly, as a load
of coal could travel on rails n 3 truck or tram from where it had been cur at
the caalface to the bottom of the shaft, run on to rails in the floor of the
cage, be safely hauled to the surface and there be emptied while the cage
returned underground with an empty truck, A typical small cage can be
seen on the preserved Heath Hill Pit ar Blists Hill Open Air Muscum.
Having considered methods of mine operation, we must examine the two
major problems facing the coalminer from the sixteenth century enwards—
drainage and ventilation. The hand windlasses and horse-gins used for raising
coal could also life water, bur there were obvious limitations to their capacity.
By the end of the seventeenth century the size of coalmines and, for exa mp]r:_.
tin mines in Cornwall, was limited by the ability to keep them drained
although in some collicries and lead mines quite effective use was made of
underground ditches or drainage runnels known in the North East as "warer
gates', in the south as ‘adies’ and in parts of the Midlands, such as Derbyshire,
a ‘soughs’. These were clearly of lirdle use for deep mines; and although
wind and water power were used, it was the inroduction of the steam
engine after about 1712 that broke the deadlock. The steam engme was
developed specifically for mine drainage and for the firse hall century or so
of its existence did little else. The derails of its development are considered
in Chapter 4, as are some of the surviving examples which were used for
mine drainage. These include the Hawkesbury engine now preserved ar
Dartmouth (188/SX 870515), which was originally installed in the 17205 at
Griff Colliery, Warwickshire, and is the oldest steam engine in existence,
and the atmospheric drainage engine at Elsecar (102/SE 390003) in the West
Riding of Yorkshire. The Elsecar engine is preserved on its original site by
the National Coal Board, Adjacent to the engine house is a timber headstock
over a small shaft. Another atmospheric engine, of 1791, was acquired in
1917 from Pentrich Colliery, Derbyshire, by the Science Museum, where

it is now preserved.
One of the most spectacular colliery sites and drainage engines is at
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Prestongrange, East Lothian (62/NT 374737). on the Bi348 road east of
Musselburgh. At the centre of the site is the Comnidh beam pumping engine
by Harvey's of Hayle, Camnwall, which pumped water from the mine from
1874 w 1954 The beam weighs approximately 30 tons, 15 336 long and
6t 4in deep at the centre. The single cyhinder is 7o in diameter with a
stroke of r2ft. The engine and its surroundings form the basis for 4 preserva-
tion scheme sponsored by East Lothian County Council with the assistance
of the Narional Coal Board and various local organisations. It s intended to
collect equipment and documentary material illustrating the history of
coalmining in Seotland and display it in the recently restored colliery power
house, Elsewhere it is difficult to find surface evidence of colliery drainage
works, although here and there an engine-house survives. The massive house
of Calcutta Colliery pumping engine near Thringstone, Leicestershice
(r21/SK 424183), 1s one example, and another, of rather Comish appearance,
may be scen at Nailsea in Somerser (165/ST 479691). In some coalfields
engines were installed away from the collicries themselves o drain whole
areas in which the various mine workings were connected by levels, An
example was the scheme to drain the Fitzwilliam Bamsley Bed in South
Yorkshire, of which the Elsecar engine was part, Similarly the Lloyds engine,
Madeley Wood, near Iranbridge (119/5] 690031). of which recognisable
remaing survive, drained a number of mines in the ares,

Before turning to mine ventilation, we should mention ah unusual form
of coal extraction at Worsley in South Lancashire, which combined drainage
levels and soughs with the mine workings themselves. The site has consider-
able lustorical significance in the carly developmtent of canals and is readily
accessible to the visitor, The entrance to the Warsley Mine (Plate at) 1s
north of Wonley Road and west of the Delph (1a1/5D 7a800¢). For further
details of these extensive workings, see pyag.

As mines grew in size, problems of ventilating them increased. Iy siall
workings the only gas with which the miner had to contend was ‘stythe” or
"dampe’, known now as blackdamp or chokedamp, It is 2 mixture of carbon
dioxide and nitrogen which in large quimtities will suffocare all coming into
contact with . Later, as mines became deeper, firedamp, 3 mixture of
methane and air, was encountered and the era of the serious mine explosions.
began. Another explosive element in mines—the concentration of fine
coaldust—was not known abour uniil much larer. Firedamp is produced
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21 Entrance to the coalmunes at Worsey, Lancashire. O the left s 3 “starvationer’
boat used on the underground canal system
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m the eleavage planes of the coal and the nearby rocks and s released as soon
as the seam is worked. In mixture with air at concentrations of 5-13 per cent
methane it i highly inflammable. By the late eighteenth century volliery
cxplosions, often of grear violence, were conunon, especially in Northumber-
land, Durham and South Wales. Thete were 643 explosions in the North
East between 1835 and 1850, even after the introduction and widespread wse
of the -..|T-i-rj,' |.i!‘:|:[' devised by Humphry (later Sir ”mn!*hr}:l Davy (1778-
1820) m 1815,

The ."Z\_H_'L-:_'t:,' fior Preventing Accidents in Coal Minegs, tormed in Sunder-
land in 1813, largely as a result of the Felling colliery disaster of the previous
year in which nincty-two men and boys died, .1}1],'-rc~.-:n.h-.--,! Davy, whe
expresscd mrerest in the E*In':'lh'll'l He discovered the true nature of tiredamp,
the conditions under which it explodes and the rare of pasage of Hame
through tubes of varying diameter. He found wire gauze in the form of a
sleeve aroond the Hame to be the most effective barriee. The gayze was
|'|'|.4|_|g_' |.r|_'||n Iron wire r,‘l_]'u‘.]r'l:: IO 4 T Wl I Lll.i![h‘{{‘r 1.'l.'ﬂl[.1l|i|!|!|:: EWCnty=
cight wires to the inch, or 748 apertores to the are inch. Twao other men,
Dr W. R, Clanny {

t8s0) and George Stephenson (1781-1848), the
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steam locomotive engincer, also devised safety lamps at about the same time.
Miners' lamps are common in most industrial museums, but a partic-
ularly fine collection may be secn at Salford i the Science Museum in
Buile Hill Park on Eccles Old Road, Another collection is maintained by
the Protector Lamp and Lighting Company of Lansdowne Road, Morron,
Eccles M3o 9PH, which is accessible by appoinement. Safety lamps reduced
the incidence of explosions somewhat, but when they did occur in the bigger
mines, the results were often catastrophic. In 1860 145 men died in the Risca
Ming ar Newport; in 1867 178 lives were lost ar Ferndale Colliery in the
Rhondda Valley. The causes of these two have since proved to be the ignition
of coaldust, and today steps are taken to combar this by spreading stone dust
in the mine workings.

Most early mines relied on convection currents or natural air flow through
two shafts for their vensilation. With increased size 1 forced ventilation
system became necessary, and in the mid-<eventeenth century the first
reference to the use of a fire basket occurs, at Cheadle in North Staffordshire.
Fite baskets and later ventilation furnaces were usually underground at the
foot of the ‘upcast” shaft. The upward movement of air due to the chimney
cffect of hor gases induced a downward flow m the *downcast’ shaft and the
fresh air, circulated throughout the workings and controlled by trapdoors
operated by boys, prevented dangerous concentrations of gas sccumulating.
A reconstruction of a surface vendlanon fire and chimney may be seen at
Blists Hill Open Air Museum, Ironbridge, and Brinsley Colliery, Notting-
hamshire, soll has the Aues and furmace underground, though they have
not been used since the nineteenth century. In Lancashire ventilanon chim-
neys for underground fumaces could recently be seen at Clifton Colliery,
Bumnley, and Pewfall Colliery, Ganswood. A surface ventilation furnace
and chimney can still be seen at 2 drift mine ar Trehafod in South Wales
(154/ST 036910). The last recorded use of a fire basker was 4t Rock Pit,
Shropshire, in 1963, and a surface furnace was used at Browley Decp Pit,
nearby, untl 1o41.

These survivals were anachronisms, however, and various types of air
pump were being installed at the larger collicries from the 18308 onwards,
One of the most widely adopted in the 18705 was the Waddle fan, a centri-
fugal fan of up to 45ft in diameter powered by steam or later electricity at
the refatively low speed of 70 rpm. The fan consisted of two paralle] discs
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separated by backward curved blades. The centre of the dise was hollow and
connected by a large-diameter pipe to the top of the upeast shaft. As the fan
rotated, air was sucked in at the centre and expelled along the periphery.
Between 1871 and 1806 220 Waddle fans were installed and a few still
remain, though not now working. One was at Annesley, Nortinghamshire
until recently, and another, from Ryhope Colliery, County Durham
is preserved in the North of England Open Air Museum at Beamish. A
Waddle fin at Abergorki Pit, Mountain Ash, Glamorgan (154/5T o030900),
is alio to be preservied.

Before mechanisation began in the latter part of the nineteenth century,
and in many collieries years after then, the miner relied on pick, shovel and
crowbar to get the coal. By about 1800 explosives were being used in shot-
holes made with a chisel-ended iron bar, or, later in the century, by a hand
drill. Loose gunpowder was poured imto the hole and rmped with clay,
usmg a tamping bar. A pricker or needle left in the hole when the clay was
tamped m would then be withdrawn o allow a straw full of priming powder
to be inserted. This was lit and bumned for lang enough to give the shot-
lighter time to rerire. A slow-buming fuse was invented by William Bickford
m 1831 but many miners would not use it on grounds of expense.

A good selection of miners’ tools is preserved in the North of England
Open Air Museum, Beanmish, which also has crackers or working stools and
vanous types of protective headgear. Below ground mechanisation came
slowly, and the steam engine, so valuable for pumping or winding, was
out of the question as a source of power for coal-cutting machinery, The
use of machinery in mines grew with the development of compressed air
and clectricity, particularly the latter, s sourees of motive power. A com-
pressed-air-powered coal cutter, using a toothed disc, was introduced in 1863
by Thomas Harrison, and established the principle of the rotary or con-
tinsously moving cutter which applied until relatively recently. Three major
types of cutting machines emerged, the first using a disc with teeth on its
periphery, the second 4 continuous chain carrying cutters, similar to the
chain saw used today for trec felling, and the third a rotating bar armed with
cutters throughout its length. A variety of cutter-loaders have been wied in
this century. The Meco-Moore was 4 widely adopted type, but it is now
probably extinct; it travelled along the face cutting coal with two horizontal
gibs, collected 1t and eransferred it to a conveyor runming parallel to the
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direction of the traverse.

The rate of change of teclmology in the coal industry, as in many others,
makes the work of the industrial archacologist ditficult, particularly as much
of the machinery is not easily accessible, and cammor easily be preserved in sita.
Museums such as the one set up at Lound Hall near Retford in Nottingham-
shire are to be welcomed, therefore, as 3 means of fostering interest within
the industry itself. Another museum in which there s some National Coal
Board interest is the Saence Museum at Bule Hill Park, Salford, where a
‘eoalmine’ constructed in the cellars of the museum includes a variety of
equipment from various periods, Modern coal-curting machinery is also
exhibited and there is 3 lamp room with miners” electric lamps on charpe
ready for the visitor to use. The Department of Industry of the National
Muscum of Wales, Cardiff, also has a substantial coalmning section and 15
involved in on-site preservation in the South Wales coalfield (see Appendix 1).
A Siskol percussive coal eutter, c1913, from Rock Pir, Ketley, Shropshire, is
preserved at the Blists Hill Open Air Muscum. It was recovered from the
workings by the Shropshire Mining Club, a specialist organisation and the
only one of its kind in Britain carrying out' systematic exploration and
archacological survey work underground in the Coal Measures.

No study of the mdustrial archacology of the coal industry would be
complete without mention of the transport systems which developed to
service it. Detailed consideration of canals and railways is given in other
chapters, but it is worth remembering that the exploitation of coal was
fundamental ro the evolunon of both, Canals m the Midlands and South
Lancashire, for example, developed as a means of opening up coalfields,
Associated with the canal were horse-drawn tramway systems connecting
individual pitheads with canal basins. In the North East and South Wales
tramways or plateways nerworked the coalfields, encouraged by the generally
favourable gradient downhill from colliery to nver or coastal wharf. Late in
the nineteenth century railway companies such as the Bowes Railway in
County Durham, the Hull & Bamsley in Yorkshire and, for example, the
Taff Vale. Rhymney, Barry and Cardiff ralways in South Wales, were
built primarily to carry coal. As many as four separate railway companies
occupied some valleys in South Wales in their anxiety to share in the carriage
of coal to ports such as Penarth, Cardiff or Barry. The most dramatic
remnants of the coal wade are o be found m the North East where there
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are still a few of the wharves, known as 'staithes’, by means of which caal
was shipped from wagon to vesel. The banks of the Tyne, later the Wear,
and eventually such ports as Seaham Harbour, were the shipping points to
which the wagonways led. The stithes originally served not only as gang-
ways for loading, but also as stormg places for the coal as mine swners found
it desirable to keep a large part of their stock on the stithes, ready for
immediate shipment, rather than ar the pitheads, as shipmasters did not like
delaying sailing while small wagon loads were brought from the colliery.
The three distinctive features of the coal shipment industry were the staithes
themselves, of which the best are ar Seaham Harbour (85/NZ 435495), the
chaldron wagons which ran on the wagonways and the coal drops which
lowered the WRgOons over the holds of ii’l.ip's so that the coal could be dis-
charged. A number of chaldron wagons and the lase surviving coal drop,
from Seaham, are prescrved by the North of Englind Open Air Museum
(Fig 17.). More modemn staithes may be seen at Amble (71/NU 269049) and
Blyth (78/NZ 3280).

The landscape changes wrooght by the coal indusiry are of an infinitely
broader scule than the effects of collieries and pir tips alone, and recognisable
regional variations can stll be seen. In South Wales the mndustry, crammed
mto the confines of narrow valleys: resulted m long straggling colliery
villages of rerrace houses, rarely more than three or four rows deep, strung
out along the valley foors. Row upon row of Welsh slate roofs punctuated
by tall nanconformist chapels lay among railway lines, many of which arc
now closed. In the North East the muning village was a new and distinet
nucleated settlement generally fairly compact, well endowed with public
houses but with perhaps fewer places of worship than in South Wales.
Scotland and the Furness coast northwards to Whitehaven are noted for a
preponderance of single-storey dwellings often rendered or pebble-dashed
and invariably sate-roofed. The colliers of the Black Country or East
Shropshire, however, where pits were often small, usually lived in semi-
rural surroundings, their rile-roofed cottages scattered in litte groups
among smallholdings, overgrown waste ups and the dwellings of workers
i other industries. Rarely is it possible to pick out the coalworker’s house
from that of the foundryman, iron puddler or chainmaker.

The North of England Open Air Museum has complete interiors from
pitmen's cottages which can have changed littde in half 1 century, but the



144 COAL

COAL DROP AT SEAHAM HARBOUR, CO DURHAM

Fig 17

same cannot be said for ather mining arcas, Miners' clothing, both working
and besz, 15 almost unrecorded. Sinularly, material evidence of the living
and working conditions of the population of mining areas is surprisingly
scarce.

The coal industry, in fact, provides the industrial archacologist with an
ousstandmg challenge.



b Iron and Steel

Ivox and its alloy steel are at the root of our material civilisation. Bridges,
railways, ships, motor vehicles, tall buildings, machinery, tnned foods, and
remforced concrete are just a few aspects of our existence today in which
iron and steel play a fundamental role, The evolution of techniques for
making iron and later steel in quantity are therefore of overwhelming
significance i the development of industrialisanon. From the industrial
archacological point of view the remains of the iron and stéel industry
present ceetain problems. Many early sites are often only physically identi-
fiable by the waste products left behind, and analysis of the slags and a
detailed knowledge of the ironworking process 15 needed before one can
gam any indication of what onginally went on. The Historical Metallurgy
Society is devoting itself to the early history, not only of ironmaking but of
many non-ferrous metal processes also, The eighteenth contury and the first
part of the minetcenth, a period i which rapid advances in iron and steel
making ook plice, provide rather more in the way of physical evidence
readily open to interpretation, though remains from, say, the 1860s onwards,
have been to a great extent obliterated by recent advances in the industry, In
this respect the iron and steel industry is typical of a number where evidence
of carlier processes is much more complete than that of later. Anyway, age
is not necessarily of special significance in determining the relative importanee
of sites.

The three commercially important forms of iron, in ordet of antiquity,
are wrought iron, cast iron and stecl. Wrought iron, for nearly 2,000 years
the only form of the metal which was used, is an almost pure iran, ductile
and casily shaped in the hot state by hammering or rolling. It is fibrous, has
a high tensile strength and a resistance to corrosion far superior to the modern
mild steel which has replaced it. Small quantities of slag in the iron contribute
to these propertics and act as a flux in welding which can be done when the
iran is heated 1o the right temperature, and hammered or squeezed. This
process is known as fire welding.

Case iron, containing a much higher proportion of carbon than wrought
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iron {up to 3-4 per cent), is the product of meltng iron to a complerely
liquid state and pouring it into moulds, where it solidifies, It has 1 orystalline
structure, making it weak in tension but very strong in compression. It too
is reststant to corrosion.

Steel has a wide variety of different forms but is basicully an alloy of won
and carbon, but with less carbon than east iron and more than wrought iron.
Mild steel, the commonest form, contains not mare than about 025 per cent
carbon; it is ductile, strong in tension and can be forged, rolled and worked
in much the same way as wrought iron. By varying the carbon content
and subjecting it w heat treatment processes, steel can be hardened and
tempered to give it additonal strength and roughness. The addition of
carbon to the outer surfaces produces a hard skin, 3 process known as case
hatdening. Today there are hundreds of different steels, cach designed for a
specific purpose and containing other elements such as manganese, nickel,
chromium, molybdenum and wngsten. These alloy steels include high-speed
steels, stainless seeels and die steels.

Although iron is one of the most abundant elements in nature, it almost
always occurs in asodation with oxygen in the form of iron oxides, There
are two main types of commercially worked ores in Britain: swratified ores
laid down on seabeds in the Carboniferous and Jurassic periods, and un-
stratified are found ay nodules, Carboniferous ores occur in association with
the Coal Measures, and are the clayband and blackband ores found in
the Lowlands of Scotland. South Yorkshire, Derbyshire, the West Midlands
and South Wales, They are of medium quality with about 40 per cent iron
content and formed the basis for the iron industry of the eighteenth and early
nineteenth centurics. Today most of the casily accossible Coal Measure iron
depasits are worked out. Jurassic ores occur in a broad band stretching from
the Cleveland Hills in North Yorkshire through Lincolnshire, Leicestershire,
Northamptonshire and Oxfordshire, where the most important quarries are
today, to the Cotswolds. They are of low quality, with often as liule as
20 per cent of iron content, but are particularly easy to extract. An isolated
pocket of richer Jurassic ore in the Weald of Kent formed the centre of the
medieval iron industry, and was important until the sixteenth century when
working ceased. The most impartant pmstratified iron ore 15 hacmatite, which
occurs in the Carbomiferous as purple nodules of high iron content (about
s0 per cenit) and has been worked in Cumberland, the Furness districe of
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Lancashire, Glamorgan and the Forest of Dean,

Evidence of iron ore extraction is very widespread, particularly in North
Yorkshire, the East Midlands and the haematite areas of North West
England. In the Cleveland Hills of the North Riding mmmng was the normal
wechnique, beginning in 1836, reaching a peak output in 1883, and declining
gradually after World War I to cease completely in 1964. The largest mine,
at Eston (86/NZ 560186) was opened by Bolckow, Vaughan & Company
in 1851 to work the Main Scam, and formed the basis for the initial growth
of the won and stecl industry of Teesside. It closed in 1049, The Main Seam
was also worked from 1872 at North Skelton (86/NZ 675184), the last mine
to work in Cleveland and, at 720ft to the shaft bottom, the deepest. Ar
Boulby (86/NZ 760181) the Skinnimgrove Company operated a drift mine
from 1907 to 1934, erecting for their workers a shanty town of corrugated-
iron houses which became known as “The Tin City'. The remains of the
foundations and foors are still visible. In Rosedale (p2/SE 723046) magnetic
iwonstone from the Kirchings and Garbutts deposits was worked from the
18505 until 1885, Up to the opening of the Rosedale branch railway in 1861
nearly 40,000 tons of ore had been taken from these mines by packhorse to
the railway at Pickering, the last large-scale use in Britain of this form of
transport.

In the East Midlands the Jurassic ores are at relatively shallow depths and
have generally been worked by opencast methods. The early workings,
dating from the 18505, were located close 1o the outcrops, but as these
became worked out, steam shovels, introduced 1 the mid-18005, had to be
used to move the increased depth of overburden. By 1916 dragline excavators
capable of stripping 25t of overburden were being used, to be followed in
1933 by electrically operated shovels which could handle up to ssft. In 1951
the first British walking dragline capable of removing 100ft of overburden
was introduced. Initially, no attempt was made to reinstate the worked-over
areas and evidence of the first large-scale workings can sull be seen in the
form of ridges and furrows, with an amplitude of up to 20ft; resulting from
the dumping of the overburden after the ore had been removed. Today the
quarry areas are levelled and the top soil replaced, leaving an open landscape
of large fenced fields devoid of trees and hedges. A steam excavator is
preserved in working order by the North of England Open Air Museum,
Beamish, Commty Durham.
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The technique of ironstone quarrying has altered little over the last half
century. An aspect which has changed, however, is the calcining of are. The
calcining process removes the volatiles, mostly carbon dioxide and water,
thereby raising the percentage of iron in the ore. It was carried out on the
floor of the quarry by bumning coal mixed with ore before loading it for
transport to the ironwocks. Coal costs have made this process unecanomic
in recent years and 1t s now no longer carried out, The sequence of events
illuserated in Fig 18 shows how iranstone was worked in the 19205, With the
exception of the calcining stage, it can still be seen at numerous places in the
East Midlands. A dragline excavator travelling parallel to the ironstone face
(1 and 2) removes the topsoil and overburden. The overburden is dumped
opposite the place from which it is taken on ground from which the iron-
stone has already been removed. Topsoil is replaced and levelled, and the
land restored to agricultural use. Having stripped 4 length of ironstone, the
dragline dumps coal slack on the newly exposed surface. A steam navvy
following behind digs out the ironstone and deposits it, with the slack inter-
mingled, on lump coal spread out on the ground behind i, The whole heap
is fired at intervals as the excavator advances. Calcination i complete in
about 8 wecks (4), after which the ore is lifted mto railway trucks and raken
to the ironworks (). At the end of the working face the excavators rerurn to
the starting point for another cut and the railway track is moved laterally
forward to the edge of the new face. Today ore, which is usually blasted with
explosives, is lifted straight from the bed of the quarry into rallway trucks
or lornes. -

The principle of all conventional ironmaking processes involves the
removal of the oxygen from the ore by reduction. Carbon in the form of
charcoal or coke combines with the oxygzen of the ore to release metallic iron
and gases. In modern blast furnaces oil is also injected. Wrought iron was
made by heating a mass of iron ore in o chareoal fire to ereate 3 spongy lump
or bloom which could then be hammered into tools or weapons. The ron
was not melted, the hammerning or forgmyg process being fundamental in the
temoval of many of the final impurities. This direct process was the only
way of converting iron ore into metal until about the fifteenth century when
fiurnaces of sufficient size, wing hand or more often water-powered bellows,
to increase the temperature, conld melt the wron into a hguid state. This new
iron, or cast iron, was probably at first an accidental by-product resulting
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from the overheating of a bloomery furnace. It could not be shaped by
hammering and its hard, brittle nature meant that there were at first no
obvious uses to which it could be put. It was soon realised, however, that the
production of cast iron could be a short cur to larger quanntics of good
quality wroughe iron, and in this manner the iron smelting industry, based
on the charcoal-fuelled blast firrnace, came into existence.

The ongin of the blast fumace is obscure but ir is generally thoughe to
have developed in what 1s now Belgium before ap 1400, The blast furnace
enabled much larger quantities af iron to be produced than the old bloomery,
as much & a ton in 24hr a5 compared with 2 few pounds previously. Castiron

from the blast furnace was run as a liquid into depressions m a bed of sand,

the man runner being the sow and, for obvious reasons, the side branches
being called pigs (Fig 19). Pig iron is still made, although now by machines,
the size of the pig being determined by convenience of handling. By the
sixteenth century objects such as firebacks, cannon and cannon balls were
being cast, but cast iron remamed of relanvely minor importance until the
catly cighteenth century when it was 1o become the most vital of raw
materials to the civil and mechanical engmeer.

The primary object was still the production of wrought iron, which was
achieved in two stages in the finery and chafery. During the smelting process
the pig iron had absorbed a number of impuritics, notably carbon, and, if the
temperature was high enough, silicon. The finery was a charcoal-fired hearth,
similar 1o a blacksmith's hearch, i which the iron was stirred at high tem-
peratute under 3 blase of air from bellows, The oxygen in the air blast
combined first with the silicon, which was driven off in the form of SO,
and then with the carbon 1o form CO and CO,. As the iron became purer,
its meltmg remperature would rise, resulting in the coagulation of 3 spongy
tiass of 1ron in the hearth. This was hammeted into a rectangular block
weighing about dcwr before being transferred to the chafery. The chafery,
unlike the ﬁ.ﬂfl"}',, had no m:und;uf blast of air and was ﬂmplllr tor rﬂhﬂﬂtﬂlg
the iron to forging temperature so that it could be fashioned into a shape
suitable for marketing. The iron was not melted and no change in its
chemistry occurred. Charcoal was the normal fuel in the chafery, bur as iron
absorbed very few impurities when in the solid state, it was in che chafery
that the relatively ‘dirry” fuel, coal. was first adopted. The finery and its
ancillary equipment, of which the hammier was the most important, was
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known as a forge. a term which is still used today for any works where iran
1 fashioned. Strictly, the term originally applied only to the building
containing the finery where wrought iron was manufactured.

The bloomery furnace, and the later finery and chafery, all needed
hammers, both to beat the impurities out of the iron and to shape it. These
were water-powered tile hammers, each consisting of an iron hammer head
an & wooden haft working on 1o an anvil. The wil of the haft was depressed
by a series of cams on the axle of the waterwheel and, as the head was
raised, it was pressed against a wooden spring beamn which ensured that,
when the cam released the hammer, it would fall with 2 considerable and
consistent force. None of these carly hammers survive in complete form,
although the Weald & Downland Muscum near Smgleton in Sussex
(181/SU 875130) hasa hammer head and wheel chaft, Later, forging hammers
known as helves were introduced for fashioning metal and some of these
operated on the same basis as the carly tile hammers (Fig 22).

The mmportance of a supply of water for working tile hammers applied
equally to the blast furnace, where bellows had to operate continuously for
weeks at a time, Indeed, water to power the bellows which blew the air into
the furnace was 3 primary resource of the iron smelting and wrought-iron
making industrics, and an important factor in determining the general
location and detailed siting of 4 fumnace or forge. This significance can be
tully appreciated from the fact that for every ton of iron smelted up to 4 tons
of air were requited, Today the pools which supplied the water-powered
bellows and hammers of early ironworks are often the only tangible evidence
of their existence, particularly in the South East, where the so-called *hammer
pond’ is a familiar feature. Good examples, all in $t Leonard’s Forest, Sussex,
are Hawkins Pond (182/TQ 217202), Hammer Pond (182/TQ 219289 and
Slaugham Pond (182/TQ 248281). At each of these sites the earth dam
survives intact, now carrying a minor road, and the drop necessary to
provide adequate power and the gquantity of water which had to be stored
to ensure continuity of operation of the forge are well demonstrated.

The production of cast iron in blast furnaces expanded considerably
during the sixteenth and seventeenth conturies, spreading froms Sussex to
the Midlands after 1561 and reaching the Lake District in 1717, The principle
on which the blast furnace operated was relatively simple, although some of
the chemical changes occurring within it during the smelting of 4 charge of
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tron ore are Guite complex and were probably not understood in any detail
until the beginming of the ninetcenth century. An early type of charcoal blast
furnace is illustrated in Fig 19. In cross section it is shaped racher like a
chimney with a narrow top to the stack widening gradually to the top of the
boshes, The walls then dlope inwards and become vertical in the hearth,
There were numerous variations in this shape but the basic arrangement has
been muintained down to roday and sill applies to modern steel-cased
furnaces. The example illustrated has a square inside section to the stack; by
the end of the seventeenth century blast fumaces were almost invariably
circular in working section although still maintinmg a rectangular outer
shell.

The blast fumace operated continuously with iron ore and charcoal
charged in at the top and gradually descending through the stack. In the
upper part water and ather volatiles such as carbon dioxide would be driven
off and in the lower section the ore was reduced ro metallic iron. The increase
in diameter of the stack from top to bortom lessened the tendency for the
charge to stick. At the top of the boshes the carthy impuritiess in the ore
fused to form a slag and molten slag and iron were funnelled down mro the
hearth, where the denser metal lay at the bottom with the slag floatng on
top of it.

At the same time water-powered bellows blew air into the hearth through
the tuyere (pronounced ‘tweer’) and this reacted with the charcoal to give
carbon dioxide and heat and the carbon monoxide which reduced the ore
by combination with the oxygen in it. A« the iron trickled chrough this
hottest part of the fumace around the tuyere, it would dissolve carbon out
of the unburn charcoal, which accounted for the high carbon content of
the resulting cast iron. At intervals the shig was drawn off through the
slag notch at one side of the fore arch, and when wificient iron had
accumulated in the bottom of the hearth, the clay plug in the tap hole was
broken and the molten iron flowed our down a channel to the pig bed.
During the sixteenth and seventeenth conturies mist of the iron was run
into pigs for eventual conversion into wrought iron, but if objects such as
cannon were required, they were cast direce from the blast fumace. The
direct technique of casting remained common until the larter part of the

eighteenth céntury,
A typical site for one of these early furnaces would be on a firly steep
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dope so that an access bridge or ramp, the ‘bank” could casily be built from
the hillside to the top of the stack for charging. The side of an existing
watercourse was particularly suitable. At the foot of the slope there had to be
ample space for the pig bed, which was often covered by a casting shed and
the bellows, which might be 20-24ft long and sft wide at their outer ends.
Other buildings associated with such a blast fumace were the charcoal
store, which was usually a large barn-like building, and often an iron ore
store. A particularly good example of an eighteenth-century charcoal
blast furnace, where many of the ancillary buildings still survive, although
in ruins, is at Duddon Bridge in the Lake District (88/SD 197884). The furnace
wis begun in 1736 and finally abandoned in 1467, Numerous other fumaces
can be traced in the same area, mecluding one ar Newland (88/SD 200708)
where the casting shed survives complete, and another on Leighton Beck,
south-cast of Amside (89/SD 485778) where, although the fumace itself
has disappeared, a large barn that was almost certainly the charcoal store can
still be seen. At Charlcone in Shropshire (120/50 638861) s u well preserved
Blast furnace with an almost complete lining and cast<iron beams over the fore
arch and tuyere arch supporting the stack. There are no ancillary buildings
surviving on the site. Another good example, preserved by the Department
of the Environment s at Bonawe in Argyllshire (35/NN 114770).

Charcoal was wsed exclusively as the fuel in all early blast furnaces, and
this led 1o huge areas of the country being almost completely denuded
of trees. Some furnaces consumed the wood from over 150 acres of forest
in a year, with the result that the nation’s timber resources, particularly
in the South-East where there were the competing strawegic needs of the
Royal Navy, became seriowsly depleted. Before the end of the sixteenth
century legislation was introduced to control the consumption of woodland
and 3o, as the Wealden ndustry gradually died, ironmasters were driven to
more remote sites in the border country of the River Severn, in Wales
irself, the Lake District and Scotland, always seeking the vital combination
of iron ore, wood for fuel and water for power.

What was to prove one of the major technological breakthroughs of the
carly Industrial Revolution occurred in the first decade of the cighteenth
century with the perfection of a technique for smelting iron using coke as a
fuel instead of the traditional charcoal. There had already been numerous
attempts to use coal, of which the unsuccessful efforss of ‘Dud’ Dudley
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(1599-1684) are the most notorious, but in none of these experiments
was the fundamental problem of contamination of the iron by impurities
m the coal overcome. The coke smelting process was developed in Coal-
brookdale, Shropshire, in 1709 by the Quaker, Abraham Darby (1667-1717),
who had recently come from Bristol to take owver an existing charcoal
blast furnace set up about 1638, The geological circumstances which led
to Darby’s success are significant and undoubtedly contributed greatly to
the establishment of Coalbrookdale as a major centre of ironfounding
technology by the second half of the eighteenth century. The key lay in the
local “clod’ coal, which, although not a coking ¢oal in the modemn sense
of the teom, was ideal for iron smeltng. The process of coke manufacture
was essentally similar to that of charcaal buring in that coal was burned in
conditions starved of oxygen in low mounds or clamps, thus driving off
the volatile components. The clod coal of Shropshire 15 of relanvely low
rank, with a carbon content of 78-g per cent, and will not *cake” like normal
good quality coking coal. It can, however, be successfully coked in large
lumps and, of particular importance for iron smelting, it has an extremely
low sulphur content, Thus clod coal produced a coke closer in its resemblance
to charcoal than almost any other coal in Britain. It was indeed a fortunate
coincidence that Darby should come o a place where an eminently suitable
fuel occurred i close proximity to good quality elayband ironstones from
the Coal Measures. An addinional, although less significant factor was the
availability of limestone, which was essential to the coke smelting process as 2
Auxing agent. It is likely that limestone was added to the blast furnace
charge as carly as the sixteenth century, and certainly by the beginning of
the eighteenth the technique was well known. The object of the Hux was
to assimilate the various impurities in the iron ore, which could then be
casily run off as slag.

Darby's technique was of immediate benefit to him, as the major ourput
from his Coalbrockdale fumace consisted of cast-1ron domestic products
rather than pig iron for conversion to wrought-iron, There were initial
difficulties, however, in using coke-smelted iron for this purpose, and the
new smelting techmique did not become widespread until the 1760s. By
that nme Coalbrookdale was thriving, using coke-smelted iron and alko
developnients of foundry technigques patented by Abraham Darby in y707.
The patent for ‘casting Iron-bellied Pots and other Iron-bellied Ware in
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Sand only without Loam or Clay" containg no technical derails but it may
be assumed that Darby had devised what is basically the modern method of
dry<and moulding i conjuncion with mult-part moulding boxes.
The bellied pors for which Darby obtained 4 patent were three-legged
cauldrons with 2 maximum diameter in the middle, and they were to become
a typical early product of the Coalbrookdale Company which he formed.

By the second half of the eighteenth century Coalbrookdale's ironfounding
expertise was widely known. As carly as the 17205 Coalbrookdale had been
casting cylinders for Newcomen steam engines in jron instead of the
traditional brass. The frst iron rails were cast there in 1767 and at the end of
the following decade the components for the first iron bridge. the first civil
engincering work in the world in which cast iran, or indeed iron of any type,
played a strucroral role. By the end of the eighteenth century cast iron was
accepted as the major raw material of the avil and mechamcal engineer,
to be used for steam engines; the columns and beams of mills and warchouses,
ramway plates, bridges and aqueduces and innumerable smaller machinery
components. Coke-fuelled blast furnaces were being built by the dozen,
and in arcas where the iron industry had hitherto been non-exastent, Indeed
the distribution of the iron industry was essenually a reflection of that re-
markable geological comaidence which contributed so niuch to the Industrial
Revolution in Britain and the nation’s industrial supremacy in the succeeding
century — the occurrence in the same series of measures, and often very near
the surface, of ironstone and coal admirably suited to the available technical
processes of coke manufacrure and sron smelting. Coal of the clod type
occurred i South Staffordshire in the famous "Ten Yard' scam, in West
and South Yorkshire, and in South Wales, where a denser and less resctive
coke tesulted in blast fumaces being generally raller than elsewhere, North
Wales, Derbyshire and to a lesser extent Seotland also developed coke-hased
iron smelang, although in Scotland the “spline” coals gave & rather lower yield
coke and the great expansion of the iron mdustry there had to awaic further
technological developments after 1820,

In 1760 there were perhaps ten blast furnaces using coke throughout
Britain at sites including Cumberland and South Wales and the Frmous
Carron foundry in Stirlingshire. Fourteen more were erecred in the 17608
and early 17705, but the greatest increase took place from 1775 anwards,
By 1790 only twenry-five charcoal blast furnaces were il in operation
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compared with eighty-one warking on coke, of which thirty-five were
in the Midlands (twenty-four in Shropshire and cleven in Staffordshire),
The best results from coke smelting were nov obtaimed until a seronger blast
could be developed than that provided by the old water-powered bellows.
In 1757 lsaac Wilkinson introduced cast-iron box bellows, to be followed
i 1760 by John Smeaton’s invention of the cast-iron blowing cylinder,
which was basically a piston moving in a large diameter cylinder to provide
blase. Both these devices were water-powered, however; it was nor until
the introduction by James Wate in 1775 of a steam blowing engine at John
Wilkinson's Willey furnaces in Shropshire that the coke blast furnace
became really efficient and, for the first time, was fréed from its stream or
riverside site,

Evidence of this vital period in the development of ironmaking is readily
visible in the Coalbrookdale area of Shropshire (Plate 22), In the Dale itself
the now modified furnace in which Darby first smelted iron using coke
as a fuel (119/5] 667047) I preserved by the Tronbridge Gorge Museum
Trust, and nearby is a small muscum of ironfounding llustrating the
evolution of the cast-iron indusery after 1709 and displaving examples of
the Coalbrookdale Cumpmp's products, The furmace itelf (Plate 23), which
15 one of Brtin's primary industrial monuments, has cast-iron beams
supporting the fore arch, of which the lower two are from the ongmal
charcoal blast furnace, one being dated 1638, The two upper beams date
from 1777 and were added by Abraham Darby 111 (1756-91), prabably
to increase the capacity of the furnace sufficiently 1 cast the ribs of the
Iron Bridge. Lower down the valley of the Severn at Ironbridge are the
Bedlam furnaces (119/S] 677034), which have recenty been restored.
These furnaces date from 1757 and were some of the first ta be buile
specifically for coke smelting. Originally there were two furnaces side by
side, with bellows powered by waterwheels in wheelpits behind. ‘Water
supply was extremely poor, however, and a steam engine was employed to
lift water from the nearby river to run the wheels. In every other respect
the Bedlam fomaces were @ model of efficient layour, with tramways
running down=slope to the charging pladorm to feed in ron ore, coke
and limestone and 4 pig bed stretching almost to the banks of the Severn,
where there was & wharf against which the Sevemn trows (siling barges)
could tic up. Like the Coalbrockdale Company, Bedlam was dependent
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O Water transport as a means of getting its iron—in this case good quality
foundry iron—away to market,

At some date after their construction the Bedlam furnaces were modified
to use a steam blowing engine, and today evidenee of this can be seen in the
form of the three tuyere arches, cach of which still contains its cast-iron
tuyere pipe, Air was conducted from the engine via the blast main, pare of
which remains at the back of the furnace, ro the rayeres by iron pipe.
Although no tangible cvidence of the engine can now be seen, two nine
teenth-century blowing engines are preserved by the Trust ar the Blists
Hill Open Air Muscum abour | mile dowmstream from Bedlam (119/8]
693033)- One consists of a pair of beam engines (Plate 24) driving a common
crankshaft and flywheel. Known as David and Sampson (sic) these engines
were built in 1851 by Murdock, Aitken of Glasgow for the Lilleshall Com-
pany of Oakengates, Shropshire. They worked until the 19508 and were
cventually saved from destruction and re-erected ae Blists Hill, Also ar the
Blists Hill museum are the remaing of thiree mid-nineteenth century blast
furnaces, with the houses thar originally held two stcam blowing engines
(Plate 25). A vernical blowing engine, one of the last generation of recipro-
caong steam blowing engmes to be built before the introduction of modern
electric turbo-blowers, has been reinstalled in one of these houses.

By the time these blowing engines were in use another major development
in blast furnace technology had oceurred, although, lirgely as a result of
prejudice, superstition and old habits dying hard, it took 2 number of years
to become universally accepted. All blast fiurnaces until the 18208 had de pended
on atmospheric air blown throngh ruyeres by watee-powered bellows
or steam blowing engines. In 1328, however, James Neilson {1792-1865)
of Glasgow patented the technique of preheating the blast air using stoves
with coal grates, which were installed and operated successfully on a furnace
at the Clyde lronworks in the carly 18305 They raised the sir temperature
substantially, achieving in due course u saving of 20 per cent in furnace fuel.
In 1857 the process way further developed by E. A. Cowper, who applied
successfully the regenerative principle used roday. In the Cowper stove air
on its way to the blast furnace is blown through and heated by checker-
work columns of fircbricks which have previously been heated by the
cambustion of waste gases fram the same blast fumace, Using two or more
stoves, heat is generated in onc while air is blown through another. Alter-






2% Vertical blast-furmace
blowing engine, preserved
at the Blists Hill Open Air
Museum, lronbridge, Shrop-
thire

nation of the Aow assures a constant l.l:_:1!~|j, of hot atr for the blast, which
reaches 4 modern furnace at about 1,000 °C. Cowper stoves, introduced
for the first nme ar Omesby near Middleshrough in 1860; are sull used
today, and their cylindrical forms with convex tops are a typical feature of
most medern ironworks,

The application of hot blast, which was perhaps the greatest single
mprovement made to the technology of the blast fumace, resulted in a
great increase in iron output and efficiency of fuel utilisation. It also meant
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could be used instead of coke, and notably the blackband jronstones of
Scotland with their splint coals. In South Wales, too, anthracite firing was
used extensively after 1837, when George Crane introduced the process
at Yayscedwin, On-site evidence of cold and hot blast furnace practice is
wsually easy to find, Cold blast slag is of a glassy namure, has a conchoidal
(shell-like) fracture, is usually blue and green, and is hard and valusble s
hardcore or road metal. Hot blast slag on the other hand is a dull whitish
grey and shaly, with a tendency to slake down to a fine mud when wet,
although today it is also used extensively for aggregate and railway ballast.
The coke smelting techmique developed by Darby was acceptable when a
perfect combination of raw materials was used, but there were distince
disadvantages when this was not the case. With a few exceptions, coke
furnace pig when converted imto wrought iron produced metal so brittle
that it crumbled under the hammer, Much cast iron produced by coke
furnaces also had a low strength, with 5 proncunced tendency to crack,
The reason was that coke contained more impurioes than charcoal, the
quantity of ash was higher and sulphur and phosphorus were often present.
In Britain the presence of phosphorus was a particular disadvantage, as
many of the iron ore deposits which were being worked in the cighteenth
century were themselves also phosphoric. In addition, not all the eoal being
wied for coking had the same sulphur-free characteristics of the clod coal of
Coalbrookdale.

The answer to the problem of poor quality cast iron was the remelting
fumace in which coke-smelted pig could, in effect, be refined, thus improving
its purity and homogencity. The firse remelting furnaces developed in Britain
in the early exghteenth century were of the reverberatory type n which the
iron did not come into direct contact with the fucl, which was usually coal.
The name “cupola’ was given to these furnaces which were similar in general
arrangement to puddling furmaces (see Fig 20). The modern cupola, which
became the standard means of remelting jron, was devised in the L7005
by John Wilkinson (1728-1808) and consisted of 4 vertical shaft rather like
a munsatare blase furnace, It was wsed for melting iron, not for smelting,
and in its smallest form often consisted of a barrel perhaps 3ft in diameter
and roft high made of cast-iron staves held together with wrought-iron
hoops. Tt was lined with refractory bricks o cement and fired with coke,
A very early example, possibly dating from the 18208, is preserved at the
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IRON PUDDLING FURNACE CUT OPEN TO SHOW INTERIDR
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Blists Hill Open Air Museum.

A large late nineteenth-century cupols furnace 1s shown in Fig 2. It hasa
shell of rolled steel plates and a firebrick lining, and is similar in most respects
to the modern cupola that is such a typical feature of foundry areas like the
Black Country. Broken pig iron, scrap cast iron and coke were fed m ac che
charging level, and molten iron drawn off in small quantities at the tap
hole as required. The jron would be either run down channels to moulds
na sand bed or caught in hand ladles and taken direct to the moulds, Although
direct casting from the blast furnace continued for cerram applications,
the cupoly almost completely replaced this technique by the end of the
mineteenth century, Initially blast was provided by water-powered or even



164 IRON AND STEEL

CUPOLA FURNACE CUT OPEN TO SHOW INTERIOR

3park arssher
chamng door
chargmg pietborm
Hrsbos ouled oiwa] ol
g o plales
i palpee
Tuynm
slag hale
removable broasiotate

0 Mle

Fig 21

hand bellows, but now electric blowers are employed.

The other difficulty of making satsfactory wronght iron with coke-smelted
pig was finally solved in the 17805, Experiments with reverberatory furnaces
using coal as 3 fuel were being conducted in Coalbrookdile in the 17608
by the brothers Thomas and George Cranage, who took out 2 patent for
‘naking pig or cast iron malleable—in « reverberatory or air furnace,
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with raw pit coal only’ in 1766. For reasons unknown, this process and a
similar one patented in 1783 by Peter Onions, were not brought into com-
mercial use. Final success was achieved by Henry Cort (1740-1800) of
Fundey, Hampshire, who patented s workable puddling furnace in 1784,
Cort’s process consisted essentially of stirring molten pig iron on the bed
of a reverberatory fumace unnl, through the decarburising action (removal
of the carbon content) of the air which circulated through the fornace, the
pig became converted into malleable iron. In this process contact berween
the molten meral and the raw coal which was used as a fuel was avoided and
blowing machinery could be dispensed with. An important contributory
factor to Cort's success, however, was his use of grooved rolls which he
included in his patents despite their previous use. The combination of the
puddling fumace and the use of grooved rolls to produce iron bar led to an
immediate and spectacular increase in the output of wrought iron and pro-
vided an additional stimulus to the changeover from charcoal to coke smelting
of iron ore. Warercourses and slag can still be found at Cort’s Funtley site
(180/SU $30082) but no buildings or equipment survive,

There was, however, ane major shortcoming of Cort’s puddling process:
it was wasteful of iron, which tended to combine with the sand floor of
the furnace to form a uscless siliceous slig. An initial improvemient was
effected by Sammel Rogers of Nantyglo, Manmouthshire, who in 1818
substitured 4 cast-tron plate and iron oxides for the sand bottom, bur the
real breakthrough came about 1830 as the result of the ‘pig boiling’ process
developed by Joseph Hall (1789-1862) of Tipton, Staffordshire. Hall used a
cast-iran tray for the bottom of the fumace, in which ‘ferling’ of oxidised
compounds of iron such as cinder or mill scale was laid. The pig boiling
process conssted of the decarburisation of the pig iron by contacr with the
molten oxidised compounds, These combined with the carbon in the pig
form carbon tonoxide, which burst to the surface of the iron—hence the
term boiling—where it burnt with blue flames known as ‘puddlers’ candles’.
Hall's process, because the iron was molten, became known as“wet’ puddling,
i contrast to ‘dry’ puddling, which was done on sand bottoms. The wee
Pudallling process became umiversal, to the complete exclusion of Cort's
and is the one practised today in the only works now producing wrought
ron in Britain, Messrs Thomas Walmsley & Son of Adas Forge, Bolton,
Lancashire (101/50 713084).
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Fig 20 shows a typical nineteenth century wet puddling furnace of the
type still used, although today ail instead of coal is the fuel. Flames from the
fireplace on the left were drawn across the bowl of broken pig iron and up
the flue. An initial period of melting took place in which most of the silicon,
manganese and some of the phosphorus in the pig oxidised and passed into
the cinder fettling. The damper in the flue was then partially elosed to
‘smother’ the furnace while the remainder of the silicon and manganese
and most of the phosphorus went into the slag. At this stage ‘bailing” began
with the carbon combining with oxygen and buming ar the surface as
puddlers’ candles. Throughout this stage the puddler stirred the iron with 3
rabble untl all the carbon had bumt off and the remaining  phosphorus
was removed. The iron was by now almost pure and, as its melting poine
rose, it coagulated to be gathered into four or five spongy balls and rentoved
on a ball bogic 10 a hammer, where the liquid slag in the intestices would be
hammered out and a roughly rectangular lump or bloom suitable for rolling
would be formed. Hammering, or shingling as it was called. was minally
carried out under a wates-powered hammer or helve, of which there were
three basic types (Fig 22), all of which were operated by cams on a water-
wheel shaft. The type normally used for shingling was the nose or frontal
helve, with 2 head of 3-8 tons in weight. At one end was the fulcram and
at the other the cams. Frequently these nose helves were steam-powered,
but after the introduction of the steam hammer in 1830 by James Nasmyth
(1808-90) they were gradually superseded and are now extinet. The other
types of helve, used primarily for forging, will be considered later.

Once hammered into a rough bloom, the iron was ready for rolling,
initially into & puddled bar or *muck bar’, and subsequently into smaller
sections. Both the hammering and rolling processes were essential to
improving the quality of the iron, which was sold according to the nuniber
of times it had been rolled. Thus muck bar, cut up, stacked in a pile, reheated
in a mill fumace and re-rolled would become crown or merchant bar, The
same process applied again produced Best ivon, 4 further working resalted
iy Best Bess or BB iron, and yet another rolling made the highest grade of
all—Best Best Best or BBB ivon,

Iron rolling had its onigin in Britain in the shiceing mills of the sixteenth
and seventeenth centunies, which produced iron rod by cutting hammered
plate into thin strips. From these developed the grooved rolls of the type
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ROLLING MILL TYPES
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patented by Cort in 1784, which produced iron in round or square sectiom,
depending on the shape of the grooves. Fig 23 illustrates the various types of
roll, of which the two-high mill was common until the bcgmnmg ol the
mineteenth eentury. The problem with a two-high mill, particularly for
thin section iron, was that, having passed through the rolls in ate direction,
it had to be retumed to the beginning—the dead pas—before it could go
through the rolls agam, dunng which ume 1t was continuosly cooling,
The answer was the theee-high mill, in which a thicd roll, the same size as
the other two was mounted above them. Thus 3 live pass eould be made in
cach direction, the iron gomg out between the lower and middle rolls and
returming between the puddle and upper ones; work bemng dane in both
directions. Three-lugh mills are thought to have been introduced into
Staffordshire before 1820, but they were not widespread unnl the 1860s.
Also in the 1860s George Bedsan of Manchester developed the continuous
rolling miill (Fig 23) consisting of 3 number of two-high stands placed one
behind the other. The reversing mill, in which the hot metal was passed
backwards and forwards (Fig 23, stages 1 and 2), was introduced first at
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Crewe locomotive works in 1866. A very old, probably eighteenth—century,
two-high mill for making small section rounds can be seen at Wortley
Top Forge (102/SK 294098) between Decpear and Thurgoland near Sheffield,
while Blists Hill Open Air Muscum has a set of three-high rolls.

Before lesving the iron manufacturing induwstry it is worthwhile
considering further some of the secondary ironworking processes so closely
tied up with it. In both the manufacture of cast iron and wroughe iron,
continuations of the ironmaking process led through to the manufacture of
finished articles. In the former case iron castings were initially made direct
from the blast furnace and later by melting pig or scrap in a cupola furnace.
Thus the foundry industry became scparated from the smelting process
and is now widely distributed throughout the country. Similarly with the
wrought-iron industry rolled bar or rod of the appropriate quality was the
usual end product of a puddling works. Numerous mdustnies, however, used
wrought iron as 3 raw material, some of them employing similar equipment
to that found in the ironworks themselves. These are worth considering
here.
An example is Top Forge at Wortley (102/SK 294998), already mentioned.
Although parts of the surviving buildings may date from the seventeenth
century, most of the machinery is ninetcenth century, the period of the forge’s
greatest prosperity, when wronght-iron railway axles were made there.
The oldest hammer, or helve, is nearest to the wall of the dam which once
supplied the water power for its operation. The helve itself s of wrought
iron (Plate 26) but originally it would have been of timber strengthened
with iron hoops. It is of the belly helve type (Fig 22) with the cans an the
shaft lifting the hammer berween the fulcrum and the head. Wagon axles
were made from faggots of 16in square iron bars heated to welding tempera-
ture and forged to shape under the hammers. A rolling mill was installed
in the 1780s and iron puddling may have been carried out slightly later.
All work ccased in 1912. The forge, which is bemng restored by the Sheffield
Trades Historical Society i open to the public each Sunday (Plates 26
and 27).

Another preserved site where iwon products were made is Finch Foundry
at Sticklepath (175/SX 639940) near Okehampton in Devon. Here from
1814 until 1960 agricultural tools such as scythes, billhooks and shovels
were made by successive generations of the Finch family. The machinery,



26 Wortley Top Forge, Yorkshire, Water-pawered helve hanumers

most of which 15 sull in place, was powered by the River Taw and includes
a pair of hammers of the wil helve type (Fig 22). A second waterwheel
drove a fan to provide air 1o the various torges, while a third powered
grnding wheels where the tools were sharpencd. The foundry is being
testored by the Finch Foundry Trust and much of the equipment can be
seen in operatian.

The availability of wrought wron in quantity trom the end of the cighteenth
century was aimost as fundamental in it effects a¢ that of cst iron prodoced
by coke smelting a century earlier. The reputation of South Staffordshire
bar, for L'.\J:i:l[‘.h', became well established in the carly vears of the nineteonth
century when Captain, later Sir, Samuel Brown (1796 1852) perstiaded
the Royal Navy to use iron chain instead of bulky hemp anchor cable. In
r¥13 he made a testing machine to measore the breakmg stress of the iron

and of the cable made from it Today the remmanes of the miierous chain

shops linget on in the Cradley Heath area near Dudley where one or two
works, such as those of Noah Bloomer (131/$] 920862} still hammer-weld

chain lmks bv hand. A reconstructed chain torge can be seen ar the

130
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Avoncroft Muwseum  Buildings, Stwoke Prior, ncar Bromsgrove [131/50
950684), Dudley Muscum also has an ‘aliver’, the almost umiversally .npplwd
foot-operated hammer used in wrought-iron forges of the Black Country.

Samuel Brown developed further his intetests in wrought wron, which he
used for the chains of the Union Bridge near Berwick [64/NT 934510),
and soon Telford was also using chains for his great suspension bridge at
Menai, So great was the increased efficiency of production and volume of
use of wrought iron in the carly years of the ninetcenth century thae it
dropped in price by 60 per cent between 1806 and 1830. From the mid-
1820 rolled iron rails for the new steam railways were introduced. By the
18408 Bruncl was using wrought-iron plate for his Great Britain steamship,
and S[.:Phcr.s,gm wiis (sing wrought iron for the Britannia tubular bndg{‘
the fist of a whole generation of large wrought-iron railway bridges.
Abour the same time the first wrought-iron girders were being fabricated
from rolled Hars, tees and angles riveted together, and these were making
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their appearance in large buildings by the late 18505, A surviving example
fs in the Sheerness hoat store of 1858 (172/TQ 910753}, As a constructional
material, wrought iron reigned supreme down to the end of the nineteenth
century, almost completely ousting cast iron. It was itself soon to be super
seded, however, by steel, which became available in quantity towards the
end o the eentury and is almost universally used today.

Steel possesses a carbon content ranging from 01 1o 17 per cent, depending
upon it varions applications, which initially were all related to its ability
to take and keep a sharpened edge. These qualitics were recognised from
early times and it was made in very small quantities for such purposes as
edging swords and upping arrowheads. The fist processes consisted of
heating pure wrotght iron m contact with charcoal so that it would alwarb
carbon. Subsequently numerous but not very successful attempts were
made to manufactuee steel direct from iron ore. In 1791, for example,
Sarmsel Lucas heated 3 mixture of iron ore and reducing material such as
charcoal, powdered bone or cow hom in a sealed crucible with the e
tentian of producing steel. A dmilar process was devised in 1800 by David
Mushet and another by John Hawkins as late as 1836.

The first reasonably successful micans of producing anything more than the
minutest quantitics of steel was in the cementation fumace introduced carly
in the seventeenth century, probably from continental Europe. The process
consisted of carbutising wroughe iron by sealing it in fireclay pots with 4
carbon-rich mixture, largely of charcoal, and heating it in a coal-fired
reverberatory cementation fumace. The nuin improvement over earlier
techniques was that the pots were sealed, thus ensuritig good carbunsation,
The resulting seecl, known as *blister steel' because of its surface appearance,
was generally of cather poor and meonsistent quality and lacked uniformity
of composition through a section of the bar. A better quality was achieved
by binding 3 sumber of bars into 1 “Gaggor’, heating and then fatging and
welding to give “shear steel’. Il the process was repeated, an even better
“double shear” seel was produced. After 1682 high quality Swedish iron
was imported to Britain for conversion to steel, and cementation furnaces
became established around Newcastle, the main centre of importation. It
hhﬁeﬂmﬂﬁmﬁalmd&c&wuﬁﬁqmnﬁmfmm
ean be seen—the Derwentcote fumace (Plate 28) north-wese of Hamsterley
(78/NZ 131563), built in the early eighteenth century and wsed uneil 1880,



28 An  eghteenth-contury
steel cementation furnace ac

Detwentoote, near Hamiter-

lev, Co Durhami

It 15 r-u-\..uln];_ that the cemenration PrOCess W lar lI.|;T!|:1 from the MNorth
East to the Shefheld area, where in about 1742 Benjamin Huntsman (1704-
76}, a3 clockmaker from Doncaster, mmproved apon it with the "crucible
technique in order to achieve a more unitorm steel tor springs and pendulums
Afrer many failures, he finally found o mechod by which steel could be
produced in 3 molien state. He melted bars of blister steel and subsequently
iron and even WTap, wath the additon of Huxes, 104 losed elay cruablo: :-}'ll"
mtense heat necessary was generated by coke. Two erucibles were placed in 2
chamber lined with frebock. and the wop of the furnace was closed by a
cover of the ame material, which was level with the Hoor of the melting

hiowse, A vauleed cellar EaVE arcess to the ash pit Himtsman's Process was



39 Crucible steel  fumace,
Abbeydale, Sheffield

Far SUpEOor 1o those prw:iuusij. used and produced a uniform .,ng__frﬂ_.
steel. In addinon cosss were reduced and output substantially increased.
Crucible steel was made at Abbeydale, ncar Sheffield, well into the
present century (111/5K 320820) on a3 site now mamtained by Shefficld
City Museums (Plate 29). Here it 15 possible o trace the manufac ture of qteel
edge rools from the raw materials to the fnished product. The crucibles in
which the steel was produced were made here and the wotkshop where the
clay was kneaded with bare feet before being made into ‘pots’, as they were
called, is still extant. The high quality steel was made from » charge of iron
and scrap, and sometumes steel scrap or blister steel, which was heated m
the pot for abour ghr before the carbon was added. The pot was then lifted

from the fumace (Plate 10) and, after any slag had been skimmed off. the
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flutd metal was teemed into moulds and allowed to cool to a red heat
before removal. When cold, the quality of the ingot was tested before being
reheated and forged. At Abbeydale the rehesting hearth has water-powered
blowing cylinders and hammers under which the steel was sandwiched
between outside layers of wrought iron. Thus great strength and reliability
was given to the central eutting edge. There are various hand forges once
used by craftsmen to temper and straighten the blades and also to manufacture
other articles from bar steel made under the hammers. The grinding
machinery was driven by an 18ft watcrwheel, and during the ninetcenth
century a horizontal steam engine was added to provide power during times
of water shortage. Adjacent to the grinding shop is the hafting and boring
shop, which uses a further waterwheel to drive its machinery. In addition to
this unique asemblage of workshops there is a large warchouse (now con-
taining museum exhibits), offices, 2 row of workmen's cottages, and a
manager’s house built about the middle of the nincteenth century.

Not until the second half of the nineteenth century was steel made in
quantities sufficient, and at prices cheap enough, to replace wrought iron
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for struceural purposes, but after the introduction of the Bessemer converter
in 1856, less than 15 years elapsed before the new material was beginning
to be nsed extensively, firstly for railway rails and later for boiler plate and
shipbuilding. The converter developed by Henry (later Sir Henry) Bessemer
(1813-08) was extremely simple in canstruction and in the essential principles
of its operation (Fig 24), being a trunnion-mounted container with a perfor-
ated bottom through which air was blown. The converrer was first inclined
to receive a charge of molten pig iron and then, with air blowing through
the bottom, wmed upright for air to pass through the iron to oxidise the
carbon, silicon and manganese. As heat is given our by this reaction, the
temperature of the iron acrually increased. The progress of the reaction could
be judged by the calour and character of the flames issuing from the mouth
of the converter. When the process was completed, the blast was turned
down and appropriate additions made to achieve the correct alloy
compasition, The steel was then poured into a ladle and into ingot moulds.
An improvement of the Bessemer process was devised by Robert Mushet
(1811-91), the pioneer of modem alloy steels such as high carbon, ungsten
and manganese steel. He suggested the addition of mangancse to remove the
excess oxygen which had previously made Bessenter steel difficule to work.

The major disadvantage of the Besserner process was that it could not
remove phosphorus from the pig and, as the phosphorus in the ore secumu-
lates in the icon, only very low phosphorus ores could be used, ruling out
many of the chicf sources of supply in Britain. The problem was eventually
solved in 1879 by Sidney Gilchrist Thomas (1850-85) and his cousin Percy
Gilchrise (1851-1035). It was known that lime would react with phosphorus
to give caleium phosphate and so remove the phosphorus from the iron but,
unfortunately, lime attacked the firebrick lining of the Bessemer converter,
This problem was overcome by substitution of calcined dolomite bonded
with firechiy as a lining for the converter. This new process was known as
the ‘basic’ Bessemier process (because o chenmically basic lning was used) ro
distinguish it from the original "acid’ Bessemer process. The termns ‘acid” and
‘basic’ are sull used for modemn furnaces and refer snll to the natare of the
refractory liming.

The tinal major dtwﬂupmmt in lrn:fmrﬂ:mg technology during the
nineteenth century occurred in the 1860s when C. W, {later Sir William)
Siemens (1823-83), & Germun who became 3 naturalised British subject,
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introduced the regenerative apen hearth fumace for convertng pig iron
into steel, using ore o assist in oxidising the excess carbon and other impuri-
ties. The furnace was in some ways similar to the puddling furmace, with
Aames being directed across the hearth, but the hot gas passes through
checker brick regenerators before going up the chimney, The direction of
combustion air and gas flow was reversed at intervals so dut the incoming
combustion air and producer gas were heated in the regenerator before
being mixed and bumt in the hearth. Cold or molten pig iron, «Krap or a
mixture of all these could be charged into the open hearth furmace, which
flexibility, sogether with its greater capacity, led to its gradually superseding
the Bessemer converter. Luter oil fuel replaced producer gas.

Throughout the whole period of the evolution of iron and steel making
techniques the fundamental principles have been those of achicving reduction
and oxidaton, carburisation and decarburisation, and they apply today as
swwongly as they did for the Wealden fronmasters of 4 centuries ago, For
nearly 200 years, from the beginning of the eighteenth century until the
18703, almost every new stage of development accurred in Britam, which by
the early nineteenth century had achieved a degree of spremacy over all
others in the ficld quite unprecedented and unrepestable. The technological
innovations of that period, besides giving Britain this commanding world
position, had important effects inside the country by creating new regional
concentrations of industry, Thus Darby and Cort tramsferred the iron
mdustry to the coalfields, while Neilsen inffocnced the esablishment of
the industry in Scotlind. Much Britsh innovation assisted competitors
to0, so that by the end of the nincteenth century the outpur of the Gernun
iwon and steel industry had surpassed that of Britain, helped to a great
extent by the use of the Gilchrist and Thomus process for converting the
rich phosphoric ores of Lorraine. The archacology of the iran industry
is therefore the archacology of one of the most impartant aspeces of Brtain’s
past, of a period and of a range of technological processes fundamental in
the growth of industnalisation throughour the world.
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1 Engineering

Tue Industrial Revolution was to a great extent a revolution in the technigues
of making things, a revolution in methods of shaping wood and metal ro
produce machines which themselves were used 1o carry our other processes.
There were. in effect, two stages m machine making, indeed rwo types of
machine, which might be tegarded as primary and secondary, The steam
engine, as developed by Newcomen and later Watt, was a primary machine
designed to carry out a specific imetion—initially the driving of a pumyp to
life water out of a mine. The limits on the efficiency of this primeval steam
engme were twofold: finstly the theorerical concepr which provided the
basis for its design, and secondly, but ar least as important, the practical
limitations of available technology that applied to the way in which it
components were made and assembled.

Early steam-cngine making was the provinee of the millwright whose
skills, developed over centuries in the building of windmills and watermills,
were the most appropriate ones available. A Newcomen engine, built inta
a bnck or masonry engme-house, using o massive timber beam as the link
between steam cylinder and pump rods, was, generally speaking, within
the already existing capacities of the millwright. The cylinder, and perhaps
the boiler, were the parts of the engine thar demanded the most of available
technology. As the theoreucal concept on which the steam engine was
based became more sophisticated, so the demands on technology grew, and
so 100 did the proportion of the total inefficiency of the engine which derived
from the way in which it was built. Thus n 1774 when [ohn Wilkinson
(1728-1808), the celebrated ironmaster, patented his boring mill, initially
used for guns but soon after for steam engine cylinders, he was making a
major contribution to the efficiency of the steam engine. Up to this time an
engine cylinder had been cast in brass or iron and its bore smoothed by a
man rubbmg it with rags and sand or by ruming the roughly cast bacrel
on a trolley over a boring head mounted on a rotating pole. Any irregularities
in the cst bore were inevitably reflected in the finished seetion, s the
flexibility of the pale allowed the curter head 1o follow the path of least
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resistance. By mounting a cutter on a rotating bar which had bearings at
cach end, and devising 3 means of moving the cutter head along the bar,
Wilkinson was able to bare a perfectly cylindrical barrel in the casting, which
was bolted firmly to the bed of the machine, This boring mill was at least
as important in the development of the steam engine as any of Wart's
specific and cecognised improvements; indeed the double-acting engine,
depending as it did on a closed cylinder with a stutfing box around the
piston rod, could not have been made without an accurately machined bore,
and that could only be achieved on a boring mill,

Wilkinsan's boring mill falls into the category of secondary machine—
anc wsed to make other machines, It was also whar would now be called &
machine tool. The evolution of the machine tool was fundamental to the
development of better and more efficient machines, and the men who buile
and used them were engineers rather than millwrights, In engineenng a
machine tool is a mechanical device concerned with the removal of metal of
wood by wming, drilling, boring, milling, planing, shaping and grinding.
During the nineteenth contury machines were developed o carry out all
these processes, sometimes sutomatically, that is, they could produce a
complex sequence of cutting actions using information built into them
rather than fed into them by a human operator. This growth of automatic
machines and machine tools provided the basis for much of present-day
manitfacturing industry, saving not just on the mumbers of men necessary
to carry out a particular process bur, much more important, saving on the
number of skilled men required. The large-scale growth of manufacturing
using automatic or semi-amtomatic wols was 2 phenomenon initially
peculiar to the United States, where there was a great shortage of skilled
manpower, It is no acadent that the processes developed initially in the
manufacture of small arms, which were to culminate in the introduction
of production lines for making sewing machines, typewriters and motor cars,
should occur first in the United States. The benefits in terms of cheap mass
production were obvious, and already industrialised European countries,
ncluding Britain, took isp these ideas enthusiastically. It is arguable whether
these techniques were truly applicable in the context of a British labour
force in view of the degrdation of skill which they imply, and the first
moves away from a production line system where each operative carries
out a eepetitive but unskilled task to a ‘workshop’ type of production cn-
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vironment are now being made, notably in Sweden and Holland,

The engmeers who developed the first generation of machine tools
during the eighteenth and nincteenth centuries were, in a very real sense,
paving the way for the massive scales of production that we rake for granted
today, and the social and economic implicarions resulting from their fnno-
vations arc at least as far-reaching as those deriving from other better
recogmited aspects of technological advance pioneered in the Industrial
Revelution period. The machines they produced cnabled other machines
to be made more cfficient, they enabled them o be made m quantity by
making possible the large-scale production of tdentical components, and
in doing dhis they were instrumental in establishing sets of enginecring
standards, relating 1o screw threads, for example, which allowed intee-
changeability of parts between one machine and another.

It is specifically with machine und production tools that this chapter is
concetned; unfortunately they represent a much more difficult area of study
for the industrial archacologist than, for example, seeam engines, canals or
railways, not only because tools such as these wers used in factories and
workshops where they are often inaceessible but becaee they beeame obsolete
relatively quickly and were easly scrapped. Many of the best examples of
machine tools can now be found only in muscums, while production
equipment, which is generlly very poorly documented, has tonded to
disappear almost completely. An'added problem which applies particularly
to production machinery of the last 80-90 years is its often highly
sophisticated nature. Thus, appreciation of the significance of 4 particular
machine is confined within the industry where it has been wsed: if these is
no will to preserve in there; it is unlikely that any outside interest will have
either sufficient knowledge or influence to secure its retention. Museums of
technology tend to colleet prime movers and casily understood pieces of
manufacturing equipment which can be operated or their method of
operation simulated in an easily comprehensible way. Rarely do they venture
into the fields of complex production machinery, which makes the need
for historical awareness in indistry itself all the more critigal,

As we have scen, machine wols are primarily concerned with cutting
metal, taking on the processes previously carried out laboriously and im-
perfectly by a craftsman wsing hund tools. The earliess machine tools were
the bow drill and the lathe. In the former a simple drilling bit was rotated
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by means of a string wrapped around the spindle of the drill and with each
end fastened to the ends of 3 bow. Rapid oscillation of the bow resulted
in 2 high speed backwards and forwards rotation being applied to the drill
bit. In the early lathes rotation was provided in a similar manner, 2 string or
cord wrapped round the workpicce being held by a bow or, more frequently,
connected to a treadle beneath the lathe and a springy pole above. The
advantage with the pole lathe was that the operator was left free 1o use
both hands o hold the cutting ool aganse the work. String-operated
drills and lathes arc of pre-Christian origin and have been wsed tmtil sur-
prisingly recenty in Britain. Bow lathes were used in watch and watche
case making workshops in the Clerkenwell area of London at lease unsil
1970, and examples may be seen in a reconstruction of ane of these shops
m Liverpool Museum. Similarly the Lirger pole lathe in its mose primitive
form was the standard equipment of the chairmakers or bodgers active in
the beeeh woods of Buckinghamshire around High Wycombe.

The first major improvement on the pole lathe came with the introduction
of the mandrel Jathe i the late sixteenth century. The drive was remaoved
from the workpiece and fixed instead 1o & miandrel or spindle connected
to 4 live centee which supported and rotated onc end of the work, the other
end running in a fixed centre. This type of drive also made possible the
chuck in which work unsuitable for wening between centres could be held.
By the carly cighteenth century the mandrel, made of jron, was running
in bearings cast of lead-tin alloy, although the frame of all but the smallese
watch and instrument makers' lathes was still made of wood, Later in the
century screw threads could be generated on a mandrel lathe in which both
mandrel and workpiece were moved latesally across the cutring tool held
stationary on the toolrest by the operator. A guide screw on the mandrel
itsclf was engaged by a fixed key to drive the mandrel forward at 2 constant
rate. To enable screweutting to be carried out, sn aliemative to the inter-
mittent drive afforded by a pole or bow had to be found, and rwo forms were
applied to the mandrel lathe. The most common was 3 treadle-operated
crank connected 1o a large Aywheel which was grooved to rake a drive cord,
the advantage being that the operator could run the lathe himself. For larger
lathes, however, such as those used by wheelwrights for turming wagon-
wheel hubs, a separate drive wheel turned by one or even two boys was used.

The primitive serewcutting made possible by moving the mandrel and
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workpicce was greatly improved upon about 1770 by Jesse Ramsden (17335~
1800), an instrument maker, The basis of Ramsden's lathe was to mount
the cutting tool, ground to the profile of the thread, m a slide rese and propel
it along the workpiece by means of a lead screw connected to the mandrel
by a scries of gear wheels. The number of threads per inch depended on the
rates of the gears connecting the mandrel to the leadscrew and on the number
of threads on the leadscrew itsclf. The first largesscale practical application
of the screwcurting lathe resulted from the work of Henry Maudslay (1771-
1831), an engineer who was 1o have a profound effect on the development
of precision engineering and an overwhelming influence over his own and
the succeeding generation of mechanical engineers. Indeed, much of the
evolution of machine tools can be traced through the personal connections
forged between Maudslay and his own employer Joseph Bramah (1748-
t814) and those who subsequently worked for Maudslay Sons & Field,
the firm he established in London. Bom m Woolwich and employed in
vanious workshops of the Arsenal from the age of twelve, Henry Maudslay
rapidly gamed a reputation for skill 4s 2 metalworker, 1 reputation which
about 1790 gained him a position in the workshop of Joscph Bramah,
already well established as a maker of permutation locks that, in improved
form, are still made today. The influence which this brilliant Yorkshire
inventor bad on the young Maudslay must have been enormous, and the
benefits which Bramah himself was later to derive from the ideas sparked off
by his pupil represent a classic example of the cross-fertilisation on which
much inventive genius was based. Bramah, besides mventing the lock on
which most of his fame rested, also patented a rotary pump, and developed
a highly successful hydraulic press, a beer pump and a machine for con-
secutively numbering banknotes which enabled the Bank of England to
dismiss 100 clerks! His interest in hydraulics—as early as the 17708 bie had
designed a successful water closet which was standard for « century—led
him to propose the transmission of hydraulic power from central generating
stations by means of mains pipes under the streets to which customers could
be connected, an idea later taken up in almost every large port in the countyy.

In this atmosphere of ideas Maudslay thrived and, probably jointly with
Bramah, developed his screwcutting lathe. This comprised a2 slide rese
mounted on a bed of two mangular-section bars, and q headstock carrying
the live spindle or mandrel which was comected to the leadscrew by a pair
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of gears. This leadscrew drove the slide rest, referred to for many years as
"Maudslay’s Carriage’, on which the ool was clamped. The lathe was
equipped with several leadscrews having different numbers of threads pet
inch so that screws of different piech could be generared. By 1800 Maudslay
had conceived the idea of using change wheels to avoid the need for alterna-
tive leadscrews, His sereweutting lathe of 1806, on view in the Science
Muscum, London, bas twenty-cight change wheels, giving 1 range of
16 to 100 threads per inch.

After the introduction of the slide rest by Maudslay subsequent improve-
ments in the lathe included the development by one of his pupils, Richard
Roberts (1789-1864), of the four-step pulley and back gear which gave eight
spindle speeds, and the self-acting traverse which enabled the tool to pass
smoothly and automatically along the workpicce, driven by a long screw
additional to the leadscrew and drivens from the main spindle by a rype of
bevel gearing. Perhaps the most radical improvements; however, came as
the result of American inventions; starting in the 18408 with the turret lathe
m which a clamp bolding 35 many as eight tools could be rotated to bring
any one of them to bear on the workpicce by the simple operation of a
locking lever. This was followed in 1873 by the automatic lathe. introduced
by Christopher Spencer (1833-1922), in which movement of the cutting
tools and rurret was controlled by adjustable cams known as ‘brain wheels'.
The machine could be fed with bar stock and automatically manufactured
components such as screws. A Brirish automatic screw machine, patented
by C. W. Parker in 1879, is in the collection of the Science Museum, London,
while a similar machine is operated from time to time in the Birmingham
Muscum of Science and Industry. Other American conmibutions to lathe
development in the late ninercenth century included the multi-spindle
auromatic lathe, in which a number of components could be made simul-
ancously, and the Norton quick<change gearbox, which climinated
the need vo slip the drive belt from one pulley to another to change
speed. At abour the same ume the introduction of high-speed steel for
cutting tools greatly increased the productivity of the lathe and other
machine tools and, because of the greater feed rates which were possible,
resulted in much heavier and stiffer methods of construction.

To return to Henry Maudslay, his further contributions to the develop-
ment of engineering and of machine tools were not concerned only with
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lathes but with standardisation and awomaric machine tools; and m ther
own way anficipated American inventiom by half'a century. His table engine
of 1807 was an cx.ﬂnp]: of a steam engine clrst_qncd for standardised factory
production and great porrability, the first such engine o be produced in
large numbers and the fisst widely available form of small steam power
unit for factories that did not necessitate the complex nstallation procedimres
demanded by the house-buiht beam engine Maudslay also pioneered the
use of the surface plate as a contribution to accurate work by his employees,
a carcfolly ground shab of cast iron being on every man's bench.

Far and away his mosr advanced pieces of work. however, were the
forty-four machines he made 1o the designs of Mare lsatnbard Brunel
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(1769~1849) for manufacruring pulley-blocks for the Royal Navy. At the
mstigation of Sir Samuel Bentham (1757-1831), Inspector General of Naval
Works, Brunel was commissioned in 1801 to design cquipment (Plate 31)
capable of producing ar least 100,000 blocks per year at a critical period in
the war with Napoleonic France. The machines, designed by Brunel, were
built by Maudslay, who doubtless contributed to their design. By 1808 the
plant was in operation at Portsmouth, perhaps the first installation m the
world in which machine tools were used for mass production. Output
per year was 130,000 blocks, produced by ten unskilled men doing the
work of 110 skilled mien and saving the Admiralty £17.000 per annum
for & capital outlay of £54,000. Driven by line-shafting from a 30 hp steam
engme, the machines carried out the whole carefully programsmed sequence
of operations from sawing sections from elm logs, through the stages of
martising and drilling and turning the lignum vitae sheaves, to recessing
for the metal bushes. Many of the machines remamed in use for 145 years
and several are preserved in situ in Portsmouth dockyard. Eight others are
on view in the Science Museum, South Kensington. The Portsmouth
blocknuaking machinery established Maudslay’s reputation beyond doubt,
brought him 2 most valusble collaborator in the person of Joshus Field
(1786-1863), a dockyard draughtsman wha eventually became his parmer,
and, perhaps more imporsant in terms of the long-rerm development of
machine tools, made his firm the focal point for any aspiring young engineer
anxious to train 1 an atmosphere of invention and innovation.

The most eminenr of the engineers who worked for Maudslay were
Richard Roberts (1780-1864), James Nasmyth (1808-90) and Sir Joseph
Whitworth (1803-87). Roberts, as we have seen. made important contri-
butions to lathe design but he was also responsible for making the spinning
mule self-acting and for inventing a device for punching rivet holes in
wrought-iron plate at exact intervals, in response 1o a request in 1847 from
the builders of the grear wbular girder bridges at Menai and Conway,

James Nasmyth was born in Edinburgh, son of a landscape artist and
engineer, His early interest in irommaking, brasstounding and engineering
led him at the age of 21 to visit Maodslay at his Lambeth works, where he
was taken on as an asssstant, a position he held until shorely after Maudslay's
death in Februscy 1831, He set up on his own account at Edinburgh later
that year and then moved 1o a small factory in Manchester. As his business
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expanded, he needed more space and took a 6 acre site at Patricroft, west of
Manchester, bounded by the Bridgewater Canal, the Liverpool & Mun-
chester Railway and 2 good road. There his engincering works grew up. In
1836 he invented the shaper, in which a piece of metal secured to a table is
cut by a2 ol clamped to a borizontal fam that moves backwards and
forwards over the workpicee, which in turn is traversed by a screw drive,
cither hand-operated or driven from the main shaft. MNasmyth's shaper in
basic form is still wsed today, although there have been detail improvements.
It s parncularly suitable for planing small surfices, cutting key-ways or
producing any face which can be formed of straight-line elements. Nasmyth's
most celebrated invention was the steam hammer, devised in response to
the need for a 30m dlameter paddle shaft for Brunel's Great Britain steamship,
In the event the Great Britain was built with a screw propeller and Nasmyth's
design of 1839 was not implemented until 2 years later. The only forging
hammers available previously had been the water-powered tilt or tip
haminers (Fig 22) which were severely limited in that they could only be
lifted a relatvely small height, and the force of their blovs under gravity
Was not great nor could they be controlled. Nasmyth's hammer consisted
simply of a vertically mounted steam cylinder supported on a type of A-
frame with a hammer head fastencd to the end of the piston rod projecting
through the bottom of the cylinder, The anvil lay between the legs of the
frame. Initially steam was used only to raise the hammer, which then fell
under it own weight, when the steam was allowed to escape, bur later
versions were double-acting, the steam being applicd above the piston 1o
produce a more powerful and controllable blow. Later steam hammers,
particularly those for faitly intricate forging work, had only one supporting
pillar (Fig 25). There is a steam hammer of this Litger type in the Underfall
Yard workshops of the Port of Brstol Authority (156/ST 572722}, while
two large A-frame hammers, onc of which s still in regular use, are invalved
m the wrought-iron puddling process still carmed on ar Walmsley's Atlas
Forge in Balton (101/SD 713084). Eecles Musenn contains a wealth of
information on James Nasmyth.

The third of Ma.ud:lay's cminent cmp]u:,lm to make 5 name for himself
in the machine tool ficld was Joseph Whitworth, a Mancunian who a the
age of 22 left his work a3 a mechatic to come to London. In 1833 he rented
a workshop in Manchester and ser up as 4 tooliaker. By the Groat Exchibi-



ENGCINEERING 180

Fig 24 Mormson's patent double-acting steam hammer (from The Circle of rhe
Sciences, Vol 1, 882)

tion of 1841 tus most prolific of all the machine tool manufacrurers was
able to exhibit twenty-three separate machines, in contrast to the rwo or
three of most other makers, and by the 1862 Exhibition one guarrer of the
total space allotted to machine twols was occupied by Whitworth, the
remainder contaning the products of more than sixty other firms,
Whitworth was not so much an inventor of completely new toals or
techniques as an improver of existing ones, and his work was based on the
meticulons standards of preaision which his years with Maudslay Sons &
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Field had inculcated in him and an ability to experiment in a relentless and
thorough manner. His initial improvements were made to lathes, and his
patent of 1839 covered a split-nur which enabled the leadscrew to be engaged
and disengaged at will. He also introduced the hollow box casting for lathe
beds which was much more rigid than the triangulir bars used by Maudsay
and afforded good protection 1o the leadscrews. He produced a highly
efficient planing machine based on previous designs by Richard Roberts and
Joseph Clement (1779-1844), both Maundslay protégés, but whereas these
carly machines were hand-operated, Whitworth's was both power-driven
and self-acting. In his 1842 machine the workpicce was clamped ot a table
which ran back and forth in a horizontal plane while a cutting tool mounted
above it traversed the work a step ar cach stroke. His carliest design had 2
quick-return mechanism to make maxinium ose of the total operating time
for cutting, but in the 1842 model the tool was mounted in a swivelling
box that enabled it to be reversed ar cach stroke and cur the workpiece in
both dircctions of travel.

Anather arca in which Whitworth's powers of pragmatically inspired
unprovenient were put 1o gowl effect was in the development of precision
measuring equipment, and here again the debe he owed o Mandslay i
sclf-cvident, In 1841 at the Insntution of Civil Engineers Whitworth was
advocating ‘the general wse of standand gauges, graduated to a fixed scale,
ay constant measures of size’, which he pointed out would enable standard
machine parts to be produced. Maudslay had already produced 1 bench
mucrometer, taking advantage of hus knowledge of accurate serew-thread
cutting and Whitworth developed this idea further and to greater degrees of
accuracy, demonstrating in (851 an instrument capable of measuring one-
willionth of an inch,

Perhaps the most famous example of Whitworth's work was his standard-
isation of screw threads, which resulted from his fanows paper On a Uniform
System of Serew Threads, read in 1841, At this date the design of screws was
chaotic, with no common formula for proportioming the number of threads
per mch to their diameter. Whitworth's amwer to the problem was
characteristic, highly practical and overwhelmingly successful, Making an
extensive collection of screw=bolts, as he deseribed them, from numerous
msi@ng works, he analysed their varigus charscteristics in terms of
prtch (the number of threads per nch), depth (the amplitude of the
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thread), and form (the shape of the thread). These he related to various
diameters to discover maximum strength and durability. The depth of the
thread in the various specimens he examined varied more than did the pitch,
and the angle made by the sides of the thread was taken as an cxpression for
the depth. The mean of the angle in the tin diameter screws was found to be
about 5 degrees, which was also nearly the mean in the remaining screws of
all diameters which were examined, This angle he then adopted as his
standard and in doing so a constant proportion was established berween
depth and piech. The "Whitworth' threads which resulted from this exhaue
nve survey were quickly and widely accepted and became the nain threads
wied for engineering work in Britain until 1905, when the British Standard
Fine Thread was inmoduced to cater for the need for finer pitches. The
Whitworth, or BSW, thread continued in use alongside the BSF and small
BA (British Association) threads as standard unsil 1940, when 2 new thread,
the Unified Screw Thread, was introduced under BS 1580, Since then
something of a retum to the pre-Whitworth shumbles has occurred, with a
whole variety of Unified threads, of American origin, themsclves being
superseded by the Metric threads advocated by the International Standards
Organisation. In addition numerous variations occur i the sizes and depths
af hexagons for bolt heads and nuts.

There is no doubt that detailed analysis of screw threads and of wood-
screw design can provide the industrial archacologist with valwable dating
evidence as, despite the inroduction of sundard types, there is enough
vanation in thread design, bolt head and niit shape and size, and materials
used (iron or various types of swel), to enable reasonably accurate chrono-
logies, if nor absolute dates, to be worked out. Hand chased or leadserew
threads cut on a lathe can be differentiated from threads cut by tap or die,
while the changeover from square bolt heads and nuts to hexagons deserves
detailed examination. The use of coach bolts with domed heads of various
sizes is yet another area of study. The wood screw, 100, has been through
numerous stages of development. Other types of specialised threads also
had dheir standards, Whirworth's own work extending to cover pipe threads
and spannen, as well a5 wire gauges.

Another important machine tool of the mid-mneteenth century was the
milling machme. Milling 15 the removal of meral from a workpicce by
passing it beneath or across a rotary cutting vool, in contrast to shaping or
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planing, where the tool is fixed. The concept of milling was certamly
understood by the French clockmakers of the eighteenth century, who
used small milling machines to cur gear wheels, but the credit for developing
the miller as 3 commercial machine tool goes to a group of American
engincer inventors of whotn Eli Whitney (1765-1825) was the firse and
most important. In 1818 he made a small milling machine. This had a power-
driven able, to carry the workpiece, moving horizonaally below the cutter
spindle and at right-angles to it It was not until 1848, however, thar a
milling machine was manufacaured for sale, designed by F. W. Howe
(1822-91) for the Robbins & Lawrence Company of Vermone. This was
tollowed in 1855 by the Lincoln miller, of which thousands were sold
throughout the world, The peoblem of machining the helical Hutes in ewist
drills, which began to replace the older flar drills during the 1850s and 18605,
inspired further refinements to the milling machine, the answer being found
n 1862 by Joseph Brown of the Brown & Sharpe Company of Providence,
Rhode Island. The machine he produced embodied all the basic features of
the milling machine as we know it today, and with these foatures it deserved
to be called 2 universal miller, Vertical adjustment of the workpicee using a
screw=operated knee sliding in vertical guides, a spiral head geared to the
feed mechanism to enable spirals to be car, and proviston for machining
tapered spirals (necessary to make tapered reamers) were all included.
Five of the origmal Number 1 model of Brown's miller were sold in
Britam, and one 15 preserved in the Machine Tool Collection ar the South
Kensington Sciénce Museum,

One further important machining process has still 1o be considered—the
shaping of metals under abrasive stones, both nanwral and artificial, The
development of che grinding machine was again largely the work of
American engineers, although Nasmyth produced a grinder in 1845 with
two 7it diameter cast-iron wheels on which the abrasive stones were mounted.
The introduction of arnficial grindstones i the 18505 consisting of iron
oxide, alummium oxide or silica grirs (emery), bonded with clay or rubber,
accelerated the development of the grnder, which colminated i the
introduction of 3 universal machine by Brown & Sharpe in 1876 in which
most of the features of modem grinders were incorporated, The durabiliry
and cutting power of grinding wheels was greatly improved with the
mvention by E. A. Acheson in 18g; of carborundum, the name he gave to
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artificlally produced silicon carbide. By the early 19005 grinding had become
a well eseablished technique for removing metal and sharpening cutting
toals.

The failure after about 1870 of the British engineering indusery to initiate
major innovations in the design and manufacture of machine tools, textile
machinery and production equipment is highly significant and marks a
distincz rerminal poine in the hitherto steady progress of ndustrial growth.
Some might say it marked the end of Britain's Industrial Revolution based
on new ideas; from the end of the nineteenth century the United Seates and
Germany wok the lead i innovation in the manufacturing field. The
industrial prosperity of this period in Britain was based on the techniques
and skills, tools and equipment that had been used in the previous genera-
tion. Markets were easy to find and the incentive 1o devise new means of
doing things had consequently diminished, But & completely new form of
enginecring industry was developmg in the United States, an industry
geared up to the production of large numbers of identical, relatively small,
components, finished 1o fine tolerances on machines that required litele skill
from the operator, The significance of this quickly becomes apparent to
the industrial archacologist working in Britain. Fisstly he finds machine
tools of surprisingly obsolete design dating from the latter part of the
nineteenth century. The Port of Bristol Authority's Underfall Yard work-
shop is an example with an almost complete rmge of machine rools of the
mid-1880s, mamly of Manchester origin and still in occasional use. But an
examimation of the smallér precision mechanisms commonly in use in
Britain reveals a different state of affairs. Amezican sewing machines, type-
writers, wall clocks and gramophones and German mechanical toys were
finding thewr way into homes and offices. They were made by what came to
be called “The American System” of mass production, Brown & Sharpe
ticrometers, the ingenious pin twmbler eylinder locks invented by Linus
Yale, Jnr, i 1865, and even American agricultural equipment can all be
found withour difficulty in this country. Evenmally the change in approach
came in Britain, a change aceelerated by the technological demands of two
world wars, but not before the demise of much of what the old order stood
for. As Henry Ford launched into his 15 million Model *T* motor cars, firms
like Maudslay Sons & Field and James Wate & Company closed their
doors for the last time,
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A Numses of non-ferrous metals were of increasing importance during the
eighteenth and nincreenth centunes. Some, such as copper, tin and lead, had
been known since antiquity. but others, of which zine was the most impart-
tant, were in effect 'new metals” from the point of view of their large-scale
induserial application. All these metals were available in Britain, and the
industries of mining or quarrying their ores, or insome cases the native
metal itself, frequenty enjoyed phenomenal rates of growth and prosperity.,
Just as often this was followed by total collapse, as deposits were worked out
or cheaper forcign ores began to reach Britain in large quantities in the latter
part of the nincteenth century, OF the four most important metals already
mentioned, and of the less prolific deposits of gold and silver, only tn s
mined in Britain today. This relict tin industry, however, with its two
surviving mines, at South Crofty (15¢/SW 669400) and Geevor (189/SW
375345) in Comwall, may form the basis for new expansion in the future as
the high cost of overseas meeal forces prospectors 1o look onee again at the
traditional soutces of supply. A third mine may be opened in the Truro
area. Samples from a shaft sunk west of Wheal Jane are bemng checked,

The requirements of industrialisation both expanded traditional demands
for non-ferrous metals and created new ones, Thus copper, which had been
used for coinage both in its pure state and alloyed with tin in the form of
bronze, was needed for sheathing the hulls of wooden sailing ships and, of
much greater importance, as a component with zine for the alloy brass. The
unprecedented demand for brass ereated by the growth of the Birmingham
metal trades and engine and machine builders led 1o an ENOrmMous expansion
in copper minimg, quarrying and smelting i the lae cighteenth and early
nincteenth centuries. Thus copper production rose from about 2,000 tons
per annum in 1700 to more than 7,000 tons by the end of the century.
Similarly tin, used inisially for making bronze, bell metal and solder, came
into its own with the growth of the tnplate mdustry in the early years of the
minctecrith. century. The expansion of the Jead industry, which occurred
mainly in the middle of the nineteenth century, was nor as rapid, but, like
the others, it too eventually fell o decline,

194
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Like iron and steel, the non-ferrous metal industrivs consist of three basic
divistons—the mining of the ore, the conversion of that ore, using a fuel, 1o
produce 3 refined metal, and the use of the metal 1o make a finshed product.
As with iron and steel, developments in technology and the economics of
transpart resulted in the various refming processes of the industry changing
their location. Lead, tin and copper were already beng smelted and refined,
using mineral fucl, in reverberatory furnaces before the Industrial Revoluaon
period, and, as the industry expanded, thete was a growing tendency towards
coalfield locations for smelting works. In the 17208 copper smeling was
bemg transferred from sites near the copper mines in Comwall to Swansea
because coal was half the price m Wales, and m the smelang process much
more fuel than ore was consumed, The technicalitics of smeleing also re-
quired that ore from different sources be mixed, an additional incentive 1o
coalhicld-located sites. As the man non-ferrous ores, wnlike many of the
iron ore deposits, tended to be located away from coal, considerable transport
costs resulted, whichever way the system was worked. Thus Anglesey
copper was generally smelted on the Lancashire coalficld, nowbly at St
Helens, but some went as far afield as South Wales. By 1750 over half che
total output of British copper was being smelted near Swansea, and it was
a similar story with lead. Highly integrated organisations grew up, with
parmerships having control of all stages of the process—the ore mining in
one area, smelting and perhaps colliery owning in South Wales, and some-
tinies an interest in a rolling mill or metal manufactury in Birmingham.
Thus the whole industry was being controlled by capualists who had a
national pomt of view and could balance the various components of the
production process to determine the most satisfactory locations for their
plant and to know which ore sources were profitable to work and which
wire not.

COPPER AND ZINC

Copper was perhaps the earliest metal known to Man, although it was not
until 1t was alloyed with tin to form bronze hard enough for wools and
weapons that it became widely used. In the Britamn of the Industrial Revolu-
tion copper continued to be employed mn its traditional role, for making
bronze for a varicty of purposes, but it was the widespread demand for
brass, an alloy of copper and zme; which resulted in the rapid growth of the
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ndustry. and for this reason it is worth considering the tweo metals together.
There were 2 number of areas where copper oceurred in workable quantities,
of which pars of Comwall and Devon, Anglesey and the Lake District were
the most important. The ore 15 generally found in the form of a sulphide
requiring a number of processes to convert it into metal. As many as four-
teen separate stages were involved bue this became simplified to about six
during the carly nineteenth century as the Webb process became universal.
The ore was first roasted and then melted in frnaces with *metal slag’, a by-
product from later stages in the process. This gave ‘coarse metal’ containing
same 3§ per cent copper, which was granulated by nmming it into a pit
filled with water, The granulated coarse meral was then caleined (roasted)
and subscquently melted with slag or ores rich in copper oxide, This resulted
in metal containing about 75 per cent copper and “metal slag’. The copper
was run out of the furnace to make pigs which were transferred o a melting
furnace and heated under vigorous air flow, The products of this stage were
"blister copper’, about 95 per cent pure, and ‘roaster slag’. The blister copper
was tapped into sand moulds and Further refined in 2 remelting furnace,
where it was allowed to oxidise. The slag was skimmed off and the molten
metal had charcoal or anthracite strred into it with 4 green wood pole of
birch or oak. This cesulted i the copper seething as the gases were given off
by the wood and becoming exposed to the deaxidising action of the charcoal
or anthracite. All these various stages tended to concentrate the Hnpurites in
the slag, which was then removed, the final product being very pure copper.
Purity was essential, any contaminants setiously impairing the mechanical
propertes of the metal. Thus even 02 per cent of oxygen i the finished
copper resulted in brintleness,

Remains of the copper ore extraction industry are numerous although the
various refining processes have left little in the way of tngible and com-
prebensible evidence on the ground. The Swansea valley an the other hand,
pethaps one of Britain's most devastated induserial arcas; shows what can
resule from unbridled development and subsequent decline of industries
which produce large quantties of toxic or totally sterile by-products. The
mining of copper in Britain on 1 large scale becuite established through the
agency of a govemnment-backed monopaly, The Society of Mines Royal,
incorporatesd in 1568 With ewenty-four sharcholders, ten of whom were
German, and between 300 and 400 German miners, the first workings
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werestarted near Keswick im Cumberland. The Crown received ane-fifteenth
of all copper produced and 1o per cent of any gold or silver. The only very
carly site identifiable 45 one worked by the Mines Royal is Goldscope Mine,
Derwenewater, although most of the remains are probably of carly nine-
reenth century date. An adit is visible (82/NY 228186) and there are shafts
neatby (82/NY 226187). Over a mile of passages extend bencarh Scope End,
but these may well have been connected with lead miming as well as copper.
Elsewhere in the Lake District more substantial remains can be seen not anly
of the mines themselves but of the plant vsed o concentrate the ore before it
was taken for snclting. Like so many of these early metal mines, the sites are
often highly dangerous, with small shufts often completcly hidden in
wndergrowth. Very grear caution must be exercised in exploring these
arcas. Underground workings should mever be explored except with s local
expert in charge.

Perhaps the most rewarding copper mine arca is the valley of the Red Dell
Beck, where the Coniston mines were established by the Mines Royal in
1599. Most of the present-day traces, however, are of nineteenth-century
origin, dating from after 1834. The present youth hostel (88/SD 280086) is in
the centre of the crushing and sramping works area; with the main workings
away to the north-west. There are numerous adies, shafts and piles of dag,
the remaing of smelting carried out at the Low Mill site, 200 vd south of the
hostel, in the 18g0s. Initially the ore was picked over by hand, but by the
middle of the ninercenth century mechanical ‘jiggers' were being used to
sort the grades of ore and there were various types of *buddle’ or separator.
Even s, ore processing was a labour-imtensive activity and some 600 people
were employed, including a number of women and children, when the
works was at its peak. Fortunarely, water power was available in abundanee
and there were thirteen waterwheels in use in the 1850s. Before the railway
reached Coniston in 1849, about 250 tons of ore 2 month were carried away
1o be sent ourt by ship from Greenodd (88/SD) 315826), then the major port
m the area. Subsequently ore was carried to Ulverston by rail. Decline set in
soom after the great Rio Tinto mines started large-scale production in 1873,
and with further competition from Chile developing after 1882, Coniston
copper mining, like copper muning throughout Britan, soon came to an
end. Other remains m the general area include the foundations of crushing
houses, wheelpits, and settling beds at Tilberthwaite (88/NY 306007) built
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in the 18508 and 1860s.

Although the Mines Royal had interests there in the 15805, copper mining
on a large scale did not begm in Comwall until the seventeenth century, the
ores being shipped in increasing quantities from the 1690s to Bristol, Neath
and Swansea although smuller quantities were smelted near the mines.
Between 1700 and 1870 copper was of overwhelming importance n the
Comnish economy, reaching a maximum output in the 18601 of 140,600 tons
of ore per annum, to be followed by a steady decline as the workings became
exhausted and cheaper foreign ores came into the country. Hoge fornmes
were miade out of Comish copper, both at the mining end of the industry and
i the smelting works of Swansea where Comnish enteeprencurs had a large
financial stake. There was one major attempt at smelting ore in Corwall,
however, at Hayle, and although the smelting and rolling plant has now
gone, the area of Copperhouse (189/SW 568380) has canal dock walls built
from copper slag or “scona’ blocks 18in % 12in x 8in, which were provided
free to the company’s employees if they wished to build their own houses.
Starting in the 17505, the Comish Copper Company's activines ar Hayle
lasted into the second decade of the mineteench century, bur the idea of
smelung in Cornwall was banically unsound, some three to four tines its own
weight in coal being needed to smelt the copper ore and there being no local
coalfield.

The archacological evidence of copper mining in Comwall is somewhat
confusing, as many mines produced tin as well, The major areas of copper
production are clearly defined, however, and included those of Redruth and
Chacewater, another west and south-west of Redruth, the Marazion district,
the Levant and Botallack mines north of St Just an the Land’s End peninsula,
the Porthtowan and St Agnes area and alang the coas near St Awstell north
of Sticker, In the east of the county copper was alio mined on Caradon
Moor, north of Liskeard, and around Gummislake and Callington, As the
archacology of the copper and tin industries, consisting largely of engine
houses, waste tips, remains of l:l'l.l.llllfl.g and stamping equipment and a few
Comish engines, is so inexwricably intermixed, specific sites will be con-
sidered in the tin mining section of this chapter.

Perhaps the most specracular of all the copper mining sites in Britain is
Parys Mountain, Anglesey (106/SH 4490), which began 15 1 series of spaall
mines in the late 17608 bur developed into 2 vast opencast quarry after the
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coltapse of most of the mine workings. By the 17908 Parys Mountain' was
being systematically cut away by 1,500 men to form the largest copper
waorkings in Eurape, while the nearby hamlet and porr of Amlweh (106/SH
449934} had grown into a small town from which the ore was shipped
to Liverpool, Swansca and Holywell. Inferior ore, overcharged with
sulphur, was roasted on the spot, the fumes destroying vegetation for miles
around. This, together with the great chasm of the quarry itself, evoked
descriprions of ‘the awful spectacle of sublimity”, ‘the savage grandeur of
the scene” and at the same time ‘excited the most sublime ideas intermixed
with sensations of terror’ from all who saw it, By 1815 the balloon had
burst, for copper prices had dropped and the best lodes were worked our.
Revivals: occured briefly at intervals down to 1883, when mining finally
ceased, leaving the lunar lindscape of today surmounted by an incongruous
windmill tower (106/SH 444006) built in 1878 to asist a steam engine in
daining the workings. A diorama of the Parys Mounmtain workings based on
J. C. Ibbeston’s late cighteenth—century watercolour may be seen in the
National Museum of Wale, Cardiff,

Although zinc ores occur, often in asociation with lead, in 3 number of
places in Britain, notably m Cumberland, Derbyshire, Durham, Somerser
and North Walis, nowhere are they found in abundance, nor are they worked
today. The maost important ore is calamine, the carbonate of zine, bur the
sulphide, known as blende or blackjack, has also been of commercial im-
portance. The primary wse for zinc found in Britain was for alloying with
copper to make brass, but later, from the 18405, the prociss of coating sheet
iron or steel with the metal, known as galvanising, became increasingly
important. The use of zinc for coating grew still further after the develop-
ment of rolls for producimg corrugated iron sheet ar West Bromwich in
1844 and the widespread adoption of galvanised wire for fencing, while the
development of electric batteries creared 3 demand for the metal in 3 pure
form as anodes.

Evidence of zinc extraction 15 sparse and difficult to identify, but in one of
the major areas of working in Britain — the Mendip Hills of Somerses
—'gruffy ground’, as it is known locally, in the neighbourhood of Shipham
and Rowberrow is probably the resule of calamine working from the lare
sixteenth century onwards. A stone chimney some zoft high in'a field across
the main street from Shipham parish church (165/ST 445574) could possibly
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be the remains of a processing plane where the calamine was calcined.
Mendip calamine was used for the manufacture of brass, mamly in Bristol,
the port where copper was brought in from Cornwall, It was used for wire
making, very important for the carding of wool (sce p243); and for sheet
brass used in the production of pots and pans known as ‘battery warc’, the
name arising from the fact that the brass was battered under water-powered
hammers.

One of the first brass mills in the Bristol arca was set up in 1702 by Abra-
ham Darby at Baptist Mills, and when he moved to Coalbrookdale some 6
years later, it continued and expanded under the leadership of the remaining
Quaker parmers. In the succeeding o vears more mills were established
along the River Avon upstream towards Bath and on several of the tributary
streams. Keynsham, the most suitable of these new sites, eventually became
the headquarters of the company and was the last place in the Bristol region
where brass goods were manufactured, ceasing production in 1927, In the
eighteenth century, however, the Avon valley above Bristol was the tech-
nical centre of the brass industry and site remaims can still be seen. At Keyn-
sham itself are the remains of the brass mill with its weir (136/ST 657688) and
at Saltford are the less significant remnants of a smaller site (136/ST 687671},
The battery mill here closed in 1908, the last brass battery in the country, but
the rolling mills. remained, enjoying a brief revival during World War 1,
to close finally in 1924: Perhaps the most spectaculur and archacalogicall
important site, however, 1 that north-west of Kelton (156/ST 6os680),
where the surviving walls and watercourses of a substantia] works are
donuinated by the conical square=section towers of two annealing ovens in
which brass battery could be heated to make it malleable again after becom-
mg ‘work-hardened’ under the hammers,

Another site near Bristol of some importance 1 the Warmley Works
(156/ST 668728) of William Champion, possibly the first place in Europe
where metallic zinc or spelter was extracted on 3 commercial scale. It was
established at Warmley about 1740, but had carlicr origins in Bristol, where
Champion took out a patent for deriving spelter from calamine, This was 3
breakdhrough of some importance, as previously brass had beeti made by
heating metallic copper and calamine together under 3 layer of powdered
charcoal m a eriscible. From golb of copper and 6olb of calamine (or blende)
some 6olb of brass could be produced.



32 Warmley brass works near Brutol. The most substantial celic of William
Champion’s cighteenth-century works & this stone building ncorporating black
copper slag blocks

C}ulllpiﬂl‘:'s .lll"r“t:r' to separate metallic zine, which was lable to volatise
very readily during the extraction process, led to the manufacture of very
finc brass, 'by the direct umon of copper and zinc, care being taken to
prevent the access of air to the materials while in fusion,” There is little on the
Warmley site today which provides evidence of the technical aspecs of
Champion's activities, but several surviving buiklngs incorporate black
scoria blocks as quoins (Plate 32). The site of the dam which impounded
watet for the waterwheels can still be traced, while from the dry bed of the
millpond protrudes the remains of a seated statue of Neptune constructed
entirely of slag blocks! Grottoes and omamental walks separate the lake
from Warmley House where Champion lived. The house is now used as
council offices,

Although the brass industry of the Bristol region has become obsolete, with
no Cornish copper being brought into the city docks and calamine mining
on Mendip extinet, the area has continued to lave sssociationg with the
production of zinc, which in its pure form was being used in Brstol in
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quantity for galvanising fat and corrugared sheet iron in the muiddle of the
nineteenth century. Today zine is produced in 2 modem plant developed
at Avonmouth by the Imperial Smelting Corporation, in which a blast
furnace is charged with roasted zinc ore concentrates and the vaporised zine
condensed on a continuously circulating stream of molten lead. By feeding
lead~zine concentrates into the fiurnace, lead alio can be recovered.

TIN

Tin for alloying with copper to form bronze and with lead to produce
pewter and various solders has been mined in Britain, mainly in Cornwall,
for over 3,000 years, and tin ore, after iron; has perhaps been the most
extensively worked metal-bearing mineral in the country. In the carly
nineteenth century successful experiments using tin-plated iron sheet to make
cans for preserving food led 10 an enormous demand for tin, and today
nearly half the world output of the metal goes into the making of ‘tinplate’,
Tin, of all metals, is one of the most familiar 1o everybody, although what is
invariably called tn roday is in fact tin-plated sheet steel. Tin is highly
resistant to corrosion but is expensive and lacks strength, The result of
coating a sheet of steel about 0.o1in thick with a layer of tin perhaps only 20
millionths of an mch thick is a combination of sterility and strength ideal for
food canning.

As was the cate with much of the copper from Comwall, 50 too the tin
mined extensively in the Duchy found its way across the Bristol Channel,
to the tinplate works of South Wales. Tinplate making was established there,
at Pontypool and Cydwell, in the carly eighteenth century and the process
continued, but with steel replacing wroughe iron, virtnally unaltered down
to the 1950s. Then the old hand mills finally gave way to modem strip
mills, and an elecrrolytic tmning plant was set up at Ebbw Vale in 1948, A
number of buildings used for the manufacture of tinplate can still be scen at
Swaisca, Pontardulais and Llanelli, for example, but most are now wed for
other industrial purposes and are of little interest to the nduserial archavolo-
gist. The sitear Cydweli (152/SN 421079), however, is worthy of examination
if only for the plague on the wall above the door indicating thar the works,
‘the oldest in the Kingdom', wete rebuilt in 1801, Cyvdweli was in fact
preceded by Pantypool, but the site is nevertheless of considerable note and



33 Melingriffith water pump,
Glamorgan.  Double-beam
pump powcred by an under-
sher waterwheel and wed to
retuin water from the River
Taff to the U!.lmmg.m Canal

surprisingly complete, with brick bunldings and chimneys sl standing,
many of early nineteenth-century date.

Perhaps the most notable surviving monument of the tinplate industry is
the Melingaffith water pump (154/ST 142801). The Melingniffith nnplare
works at Whitchureh, some 3 miles north-west of Cardiff, were powered by
waterwheels using water from the River Taff, but problems arose as a result
of the (Hmnorg;nmhirc Canal Company taking water from the river and
causing stoppage of work in dry sammers. The final answer, after years of
|itig¢tinn, came when the canal company ;igrccqi to take less water from the
upper reaches of the Taff and 1o pay £ 700 for the manufacture and installa-
tion of a w:lti.'r-puh-crcd pump (Plate 33) to return water to the canal from
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the river below the works. Although in an advanced state of deciy, the
Melingniffith pump is still sufficiently complete for irs method of operation
to be made out. An undershor waterwheel drove, by means of two cranks
and connecting rods, timber rocking beams that in wm operated the
pistons in two cylinders, the water being drawn up alternately in each, The
only other large pump of a similar nature in Britain is at Claverton near
Bath (166/ST 791644), and that was used for lifting water from the River
Avon into the Kennet & Avon Canal (see p77).

Far and away the most specracular and widespread industrial archaeological
remains of the tin industry, however, arc in Comwall, the county which for
2,000 years was Europe’s major source of the metal, Reaching irs peak in the
second half of the nincteenth century, Comish tin mining then began to feel
the effects of overseas imports, mainly from Malaysia, and today, with the
exception of the two sites mentioned at the beginning of this chapter, the
mining mdustry is extinct, The legacy which tin mining has left the county
in the form of derelict mine buildings is dramatic; and the charscreristic
stone pumping engine house, with its tapering chimney built into one
comer, is a trademark of much of the Comish landscape. The areas where the
industry was concentrated were around Wendron, west of Truro, St Jves
and, of particular importance, on the Land's End peninsula around St Just-in-
Penwith. Tin was also mined in association with copper around Camborne.
Gwenapp, St Day and Gunnislake, and ¢ven in predominantly copper arcas
like Redruth and Chacewater, substantial tin deposits were acuvely worked.

The tin mining industry has an important place in the history of tech-
nology, for it was the problems of draining tin mines which instigared much
of the work on the development of steam pumping engines, initially by
Savery and Neweomen and later in the form of improvements by Watt and
Trevithick. Alchough the Boulton & Watt beam engine was extensively used
tn Cornish metal mines, it was the refined version of it, the "Cornish engine’
developed by Richard Trevithick (1771-1833), which found the greatest
favour and which can still be seen at a number of mine sites today, Several
have been preserved as a result of the efforts of the Comuh Engines Preser-
vatian Soclety, set up in 1935 with the immediate objective of preserving the
24m rotanve beam winding engine ar Levant copper mine near Land's End
(189/SW 360340), the oldest surviving engine in Comwall, Other engines
preserved are the Soin cylinder pumping engine of Robinson’s Shaf (18g/SW
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669409) within the buildings of South Crofty Mine at Pool and built at
Hayle in 1854, the goin cylinder pumping engine at Taylor's Shaft, East
Pool (189/SW 670419), built in 1802 and also at Hayle, and the j0in rotative
beam-winding engine built at the Holman Foundry in Camborne in 1887
and preserved in situ alongside the Ajo (T) at East Pool (189/SW 675416). In
1970 the Cornish Engines Preservation Society amalgamated with the Cor-
nish Watcrwheels Preservation Society to form the Trevithick Society, an
active body dedicated to the preservation and recording of industrial
archaeological sites in Cornwall. The engines mentioned above are now
administered by the National Trust.

Once one of the most important centres of the Comnish tin and copper
muning industry, Cambomne sull offers much for the visiing induserial
archacologist. In the centre of the town, opposite the statue of Richard
Trevithick, is Holman's Museum (189/SW 647401), run by the firm that
manufactures mining equipment. Here is a large collection of mining tools,
a vertical steam engine of 1870, and models of Trevithick's steam engine
evected at Wheal Prosper in 1811 and of his double-acting water pressure
engine erected at Wheal Druid in 1800, Also preserved here is the rotative
beam engine of 1850 from Rostowrack used in the china clay pits there undl
1953, In Camborne, roo, 15 the School of Mines and the Literary Institution,
while | mile to the south-west at Penponds (189/SW 636389) it Richard
Trevithick's cortage.

The rich un oxide ores from the Cornish mines required crushing and
concentrating before they conld be smelted. Crushing was carried out under
stamps consisting of vertical wooden beams shod with iron which were
lifted by cams on a shaft and allowed to fall on to the ore fed into a box
below. The shaft with its cams was usually powered, through gears, by a
waterwheel or, less frequently, a steam engme. A working model of a set
of steam-powered stamps can be seen in Holman's Museum, Camborne.
Water-powered stamps or their remaing can be seen at a number of sites,
including Nancledra (189/SW $00355), where there are eight stamps and an
18ft diameter warerwheel which were all in use until 1948.

Fcrhaps the only set of operanonal Conmush stamips in the world can be
seen ar the Tolgus Tin Company's works (189/SW 690438) on the left-hand
side of the B3300 road out of Redruth to Portreath. Here is 3 complete and
working un exeraction plant which, until 1968, drew most of 1ts raw material
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from the waste coming from the deep mines of South Crofty and Geevor.
Since then, mainly as the result of improved techniques of recovery from
these mines, tin has been extracted from waste left at old mines, from beach
sand at Gwithian and from ore received from the few surviving ‘tributers’, or
miners working by themselves with the passible help of a son or relative. At
the lower works are the stamps, at the upper works a rotary caleiner, last
used in 1940 to burn arsenic out of the tm ores, together with the rotating
tables powered by waterwheels which separated the metalliferous material
from the waste. The site, now somewhat commercialised, is run as 1 rourist
attraction.

LEATr

Lead, like tin, has been mined and quarried in Britain for some 2,000
years and only in the last half century or so has it ceased to be worked. As
with tin, forcign ores coming into Britain in increasing quantities in the
carly 1goos finally killed the remamung mines, although smelting and
processing planes, relying on these overseas sources, have conrinued in
operation. Unlike tim, which was largely concentrated in Comwall, lead
mining was much more widespread, with major working areas in Nordhum-
beeland, Durham, Yorkshiee, Derbyshire, North Wales, Shropshire and
Somersct. The main vses for the metal during the eighteenth and nincteenth
centurics were for roofing and guttering, water and gas pipes and general
phimbing work, shot, and in the very purest form for the lead chambers used
in the manufacture of sulphunc acid. It was also wsed extensively for the
oxide (red lead) and the carbonate (white lead), both paine bases.

The most commonly worked lead ore was the sulphide, galena, which
could be conyerted into metal in either specialised types of blast furnaces or
m reverberatory furnaces, In some areas, notably the Mendip hills of Sonet-
set, waste materals left behind by Roman lead sinelters were reworked
during the late nineteenth century, using mote efficient processes.

The remains of Jead nuning and smelting and, 1o a lesser extent, the sites
where lead was used commercially, provide some of the most rewarding
areas of study for the industrial archacologist. The period of waorking was
often over many centuries and carried out within the framework of complex
local laws. In Derbyshire and Somerset, for example, the Jead working areas
were divided mto liberties within which miners could seck snd mine ore



14 Snaflbeach lead mines,
Shropshire, Collapsed timber
headgear

under specified condinions and subject to the surrendering ro the landowner
of dues relating to their outpur. Tools are abundant in museums such as
Derby, Buxton and Sheffield and at the headquarters of the Peak Districe
Mines Historical Sociery ar Magpic Mine, Sheldon, Derbyshire (111/SK
173682), where there are also extensive surface remains, Some parts of the
mining surface equipment are fairly conventional, and headstocks can be
found in varying states of decay at a number of shaft mine sites, such as
George's Shaft, Snailbeach (Plates 34 and 35), m Shropshire (118/S 375022).
Elsewhere, in Derbyshire and the Dales of Yorkshire, for example, mine
remains take the form of almost continuous fissures sometimes stretching
aver miles where the miners have followed a ke van, s a vernical crevice
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3§ Snailbeach lead mmes, Shropshire. Remains of ore separator with archimedean-

swrew feed

occupied by the ore was called. The extensivenes of lead muming, coupled
wirth the remoteness of many of the sites and their easy accessibility, makes
care and precaution in exploring them of very great importance. Often
there are interesting remains underground, but the mines should not be
entered withour skilled and experienced guidance, which can often be
found in specialist sociedes like the Peak Districr Mines Historical Society
and the Shropshire Mining Club.

Once the ore was out of the ground, it still had a number of Processes to
iundergo before it was converted into metallic lead. Remains of processing
plants or, more correctly, the buildings which housed them, are prolihe
in many lead mining areas. They exhibit a number of regional differences in
arrangement. Ore crushing was usually mechanised, with water-powered
erushers. Perhaps the finest surviving lead mill site is m Weardale, County
Durham (84/NY 927429), where the buildings and magnificent 33ft 8in iron
waterwheel of the Killhope ore crushing plant are being preserved. Before
this crushed ore could be fed into furnaces ot least a proportion of the
impurities had to be removed, so that the material eventually nsed was
reasanably concentrated. This was achieved in a variety of -:.-.-,-13,;-;, from
picking over the ore by hand to vanous mechaniswed panning and washing
operations, The latter techniques are used today but remains can be found
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at 2 number of sites of the predecessors of this modern cquipment. One of
the most common types of concentration cquipment was the buddle, in
which crushed ore in the form of a slurey was fod down a wooden trough
or launder into the centre of a circular stone floor. As the ore flowed down
and settled on the Aoor, its surface was brushed by TOTALNG arms sometimes
supporting heather. The buddling process relied simply on the et that the
heavy metal-laden fraction of the ore would settle first, near the mouth of
the trough in the centre of the buddle, and the concentration would dimmish
rapidly towards the outer edges. Thus the centre of the filled buddle could
be dug out and smelted, and the material at the outer edges thrown away.
Remains of buddle floors can be found on Mendip near St Cuthbert’s Lead
Works, Priddy (165/ST s45508). The almost completely disintegrated
skeleton of a jigging table with archimedean-screw feed, also used for ore
washing and concentration, stands on the Snailbeach mining site in Shrop—
shire (118/S] 375022) (Plate 35).

Pethaps the most distnctive of all the site remains connected with the
tecovery of lead are those associated with smelting. In 1778 it was shown
that lead was sublimed during the smelting of its ore, galena, and that the
vapours settled in the flues and chimneys of the furnace or escaped to poison
the surrounding grassland and surfice water. It was also appreciated that a
substantial proportion of the potentially usable lead in the ore was being lost.
As the fumes were very finely divided, they settled slowly, so in order to
retain them, very long flues with built-in partitions or obstructions were used
to increase the tme i the flue and provide sufficient surface area on which
the fumes could precipitate. Iu some cases fine jets of water were tried in an
ttempt to assist seetling, The most satisfactory arrangement seems to have
been a long, almost horizontal e with a vertical chimney at the end, but
veturn flues and fues with chambers in them were also extensively used.
Numerous variations on these themes can be found, defying almost any
analysis of the optimum system, even if one was ever discovered. Frequently
the nature of the terrain seems to have determined which type of flue was
used. The flues have now often collapsed and are readily mistaken for
culverts or drainage courses.

In open sites on the Pennines long single flues ran for distances of up to 2
miles from the furnace. One of very great length can be traced ar Keld
Heads Mill, Wensleydale (90/SE 077910). Hete 1 Stokoe condenser was used
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in the flue about t6oyd from the mill, consisting of a chamber filled with
brushwood which was constantly sprayed with water, Between 4 and 6 per
cent of the lead recovered at the smelt mull came from condensers of this
type. Beyond the Stokoe condenser the flue continues tor nearly 2 miles up
an the moor boide -Cobsear Smelter (00/SE oio930) and both share 2
common chunney. At Grassington High Mill (90/SE 023663) a double
artangement of Stokoe condensers can be found, with the walls of the two
comparrments substantially intact. Ac the Surrender smelt mill, Yorkshire
(90/NY 988c03), is another long flue extending from the union of two
smaller flues from scparate ore hearths, and ar Lintzgarth mill, County
Durham (84/NY 925430}, two flues are carned on an arched bndge scross a
stream and a road to enter a condensing chamber. From the far side of the
chamber the remains of a single flue run for some 11 miles across the moor.

On restricted sites fues zigzagged or were banked, grid-iron fashion, with
chambers at cach return. Flues of this latter type (Plate 36) can be seen at
Clnrtcrlmuse-un-h"l:u-hp in Somerset (165/5T s04557), and there s a ngzag
arrangement at Castleside smeleer in County Durham (84/NZ 078485). The
Wanlockhead site in Dumfriesshire (68/NS Bss144) has a curious coiled
systern -of Hues nearly 1.000yd long and the remains of a condenser which
held tucks of pebbles and water=soaked coke blters. Wanlockhead is abso
notable for the water-powered pumping engine (see p76) used to drain the
workimgs (Plate 37).

36 Lead [m:nmt;l!mn fues, Lh.nr'lcfluﬂ.ua:-nn-hlr.m.]:p Somerset
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37 Water bucket beam engine at Strairsteps lead mine, Wanlockhead, Dumfriesshire
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Associated with these flues were chimneys, often of considerable heigh,
many of which still survive. Some dominate the landscape for many miles,
as at Smitham Hill, Mendip (165/ST $56547), where a chimney of very
Comish appearance has been recently restored, Another "Comish’ eype of
chimney of crcular section tops the long flue from Langley smelt mill,
Notthumberland (77/NY 841611), and there is a square section stack of
squat appearance at Stone Edge mull, Derbyshire (111/SK 134670). Alport,
Derbyshire (r11/SK 223648) has 4 particularly corpulent chimney designed
to receive the gases from four separate fumaces. Smelt mill chimneys in the
mid-Pennines arca also provide the inspiration for the band of enthusiases
who form the Eacby Mines Research Group. They have repaired a number of
chimmeys, rogether with buddles and dresing floors, a horse gin and various
pump rod chambers.

Before leaving chimneys and flues it is worth mentioning that other metal
mdustries also used them to 3 eertain extent in conjuncuon with the refining
of tin and coppet, as at Crews Hole, Bristal, where a copper works chimney
survives (156/ST 625733), and also in the extraction of arsenic. In the latter
case the flue played 2 twofold role in preventing the poisonous arsenious

11
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oxide from contaminanng the countryside and by prowviding a means of
recovery of the material for commercial wse. At the Devon Great Consols
mine (175/SX 425733), which was concerned initially with copper, arsenic
had become the main source of income by the 18705, as the chimney and
flue system indicate. In Cornwall the Botallack tm nune (18g/SW 363333)
has a complete labyrnth of arsenic flues,

One product for which lead was extensively used—lead shot—required
a highly specialised form of industrial building for its manufacture. By a
process 1‘::rfEclcd in Bristol in the 17805 molten lead (muixed with assemc o
make it form hard and spherical globules) was poured through a perforated
tray to Fill up to 150ft into a var of water. The droplets solidified as they fell
and the water pl‘ﬂ'mttd them bl:mg l!.lnl.'.lgt.'d by ITpact. Whar was P_nrnb—
ably the firse shor tower, built in Brstol in about 1787, was demolished in
1968 for the inevitable road widening, and this great loss, coupled with the

18 Shot wwer in the works
of Asochted Lead, Chester
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destruction soon after of the 174ft Elswick shot tower in Newcastle-upon-
Tyne, means that there is now only one in existence in Britain (Plate 38), in
the works of Associated Lead at Chester (100/5] 415667). A shot tower that
stood near Waterloo Bridge, London. was pulled down soon after the
Festival of Britain in 1951,

OTHER NON-FERROUS METALS

Of the other non-ferrous metals which have been worked or processed in
Britain, aluminium is perhaps the most important. A relatively "modem’
metal, it was considered semi-precious as recently as the 1890s and a century
ago fetched £3 per ounce. The mrensive demand for the metal, created
parucularly by the wartime aircraft industry, has made it the most important
after iron/stecl. The smelting industry in Britain uses imporred bauxite (the
ore, hydrated aluminium oxide) and because the process s electrical it is
sited near sources of cheap clectricity—for instance, in the Highlands of
Scotland where hydroclectric gencration makes smelting more economical
than elsewhere. As with the smelting of copper in South Wales 150 years
ago, the industry is located near its source of encrgy.

Although carly aluminium smelters may only now be coming within the
province of mndustrial archaeological mvestiganon, gold mining installations
in Wales provide a surprising wealth of site evidence. The gold mining
industry was largely concentrated in Metionethshire north of the River
Mawddach, and m Carmarthenshire. Ar Dolaucothi i Carmarthenshire,
where the Romans had mined gold, there were revivals of acrivity in 1910
and the 19308, the site (149/SN 670410) being finally abandaned in 1040.
Although remains of the Roman workings.including anadit and watercourse,
can still beseen, the only evidence of the recent mining is a conerete capped
shaft. At Gwynfynydd (116/SH 735275) in Merioneth, however, there are
substantial remains of the ore concentration plant, with steel pipes which
brought water o a turbine, part of which still survives, and walls surrounding
extensive working levels. The mine was worked from a number of levels,
and there is 4 substantial headframe in one of them used for winding up
and down an inclined shaft from levels lower down. Mear the entrance 1o one
of these adit levels is the strong room (116/SH 737282) where gold was
stored before being transporeed to the mill. The site was first worked in
1864, reached its peak output in the 19014 period and fmally closed in 1938.
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Tueiron industry, on which so much of Britain's industrial growth depen-
ded, relied on basic raw materials taken out of the ground—iron ore, lime-
stane and coal for coking. So too did non-ferrous metal industriss like those
of tin, copper, zinc and lead, All these metal extraction mduseries, and their
concomitant processing and refining, underwent radical changes in scale
and technology during the Industrial Revolution period, which makes them
a legitimate area of study for the industrial archacologist. There were,
however, ather extractive industries, and manufacturing industries based on
mineral or quarried raw materials, which also gained in impertance during
the same period. They used non-mietallic raw materials, notably stone and
clay, The stone industry, based largely on quarrying, was a traditional one
which underwent more change as 4 resule of increasing scale of aptration
than major adyances i exwractive rechnology. The products of quarrying
in the form of stone for building continued to be wed in the traditional
manner, The main effects of industrialisation were to create enormous new
demands on cerain specialived sectors of the quarrying mdustry—for roofing
slates from North Wales, for example—and it 1s these aspects of the industry
on which this chapter will concentrate. Similarly demand for bricks, cement
and later concrete was greatly stimulated by the building activiry associated
with industrialisation. The pottery and glass industries. also based on raw
materials out of the ground, expanded enormoudy and developed new
technologies. In the pottery industry, and largely a5 a result of the organisa-
tional innovations of Josish Wedgwood (1730-95), not only were new
manufacturing techmqus miroduced bur 3 whole new approach o the
basis of employment of workers akin to o ‘production line” was devived, with
specialist craftsmen cach engaged on a limited ares of the production process.

STONE AND CLAY FOR BUILDING

Even before the "transport revolution”, which occurred in parallel with the
development of industrialisation, stone was carried enormous distances from
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the quarry to the place where it was used—Clipsham stone from Rutland to
Windsor Castle, Purbeck ‘marble” to Durham and many other cathedals.
With the completion of the Avon Navigation in 1727, Bath stone became
even more extensively used, in London and Dublim, for example, and in the
17305 Ralph Allen built one of the firse railways, o connect his Combe
Down quarries overlooking Bath with the River Avon link to the outside
world. The nineteenth century saw the real expansion of this long-distance
transport of stone. The growth of London alone created enormous demands
for stone, as it did for brick and slate also. Dartmoor granite was used for
Rennic’s London Bridge in the 18205, Bazlgette's Victoria Embankment
came largely from the quarries of Lundy Island, and Portland stonc, already
well established for the public buildings of the metropolis; became uniquely
associated with the impenalise archicectural tours de force of the Edwardian
L= 1

Most stone is quartied, as opposed to being mined, and quarries, both
working and abandoned, often yield useful nformation for the industrial
archacologist. Cranes, priminve railways, rock=sawing equipment, and
cunous hietle brick- or stone-built powder houses are among the site evidence
to be found in disused stone quarrics, which very often contain at least some
other abandoned equipment too. A sandstone quarry in Bebington, Cheshire
(109/S] 315845), for example, possesses fishbelly rils on stone sleepers,
thoughe to be part of the original track of the Liverpool & Manchester
Railway and, until recently, there was also a steam-powered rock saw built
in Vermonr, USA.

In contrast 10 most building stanes, Bath stone has since the 18308 usually
been muned in underground galleries, many of great size, Only one, the
Moutks Park mine, is still in operation, but remains of others exist at Box and
Corsham, The stone occurs in beds over 2oft thick, which were reached by
shafts and inclines. The method of working was, in effect, the “pillar and
stall’ technique in that huge stone pillies were left in the workings to support
the roof as mining proceeded. The Bath stone was taken out i large blocks
which were, until the 19408, sawn by hand, bur today a coal-cutting machine
15 used.

OFf all the building matcrials quarried in the British Isles, Welsh slaze has
perhaps had the most geographically widespread use and its extraction has
produced some sinkingly spectacular landscapes of lunar quality. Before
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about 1820 North Wales slate was mainly used locally, but with the develop-
ment of the canal network in England and later of railways, the easily won
and highly tractable slate became the cheapest available roofing material over
most of Britain. Huge quantities left North Wales on coastal schooners and
by rail to cover acres of rooftops in every industrial wwn and ciry. Only in
areas such as the West Riding of Yorkshire, Collyweston in Lincolnshire and
Stonesficld in Oxfordshire could locally available “slates’—m facy they are
laminar limestone—hold their own. Welsh slates, and to 2 lesser extent
Westmorland slates, were both cheap to quarry and dress and could be
provided in accurate sizes of absolutely uniform quality which, in addition
to the fact that they were relatively thin, made them ideal for the hundreds
of thousands of sandardited workers' houses which were being buile
throughout the nineteenth century.

Several parts of North Wales, even today, are still totally dominated by
the slate indusery, which once thrnived there but is now almost dead. The
huge Penrhyn complex (107/SH 6265) glowers over Bethesda and the
entrance to Nant Firancon, massive piles of waste spilling over from the
workmg levels high above the floor of the valley, and Blacnau Ffesumog
(rog/SH 7046) s almost surrounded on the north and east by old quarry
workings, together with underground mines. Perhaps the most spectacular
and, to the industrial archacologist, one of the most interesting areas of
slate working is to the southi-cast of Llyn Padarn, in the Dinorwic Quarry at
Gilfach Ddu, Llanbens (107/SH s960). Here the North Wales Quarrying
Museum has been set up, under the care of the National Museum of Wales,
in the quarry wotkshop buildings.

First worked in 1809, the Dinorwic Quarry (Plate 30), like others in
Cacrnarvonshire, enjoyed its greatest prosperity in the latter part of the
nincteenth century, pesk output being reached in 1900, when some 3,000
men were employed. The workshop buildings were erected in 1870 around
aquadrangle, the main entrance being through a central archway surmounted
by a clock with a face of slate. Behind towers the quarry, with terrace upon
terrace of workings reaching up from the shores of Llyn Padarn 1,400 ft 0
the top of Elidir. It closed m 1969,

The museum occupies the ald workshops or, 1o be more accurate, the
old workshops are the museum, for they are Httle changed from when they
werc in use, and contain much of the original equipment. A woodworking
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shop, pattern shap, foundries, smithies, fiting shops and locomonve sheds
made the quarries almost completely selfsufficient, enabling the conpany
o manufacture and maintain almost everything it required for the quarrymg,
dressing and transport of the slare. All the machines were driven by line-
shafting from a single waterwheel of soft sin diamerer and 80 hp, which was
the sole prime mover from 1870 to 1925, when it was replaced by a Pelton
wheel thar still drives some of the machinery. The foundry, dominated by a
huge hand-operated wooden crane of 1872, looks as it did when working,
with wooden patrerns laid out for gear wheels, locomotive wheels, tumn-
tables and mumerous smaller items. At the four blacksmiths' hearths all the
hand tools for the quarry were made. The machine shop has lathes, aslotting
machine and a drill, most dating from carly this century. Slate-sawing
tables can be scen and other aspeets of the slatedresing industry are to be
included as the museum develops. Outside a section of narrow gauge
railway along the shores of Liyn Padam has been reinstated by a private
company to cArTy passcngers.

Although Welsh slates were almost universal roofing material for the
houses and factories of nincteenth-century industrial Britain, by far the
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majority of those buildings were built of brick rather than stone. Only in
specific arcas of Pennine Yorkshire and Lancashire did stone continve almost
throughour, and even here invading terraces of red brick can often be seen.
Elsewhere bricks were used for everything, the whole of the Midlands
industrial area and all London but the centre being buile of burnt clay from
hundreds of brick-clay pits. It is in a way remarkable that something as
large as a house is buile of somethmg as small a5 o brick bur, 45 3 manu-
factured building wnit, the brick had and still has 3 lot to offer, of which
convenience of handling is the most important, being related to what a
bricklayer can hold comfortably in one hand, The size of bricks has thus
remained remarkably consistent. A cunous excepoion were the bricks made
by Sir Joseph Wilkes ar lus Measham brickworks in Leicestershire during the
17904 in an atempt to beat the brick tax introduced in 1784, Known locally
as Wilkes' Gobs, these bricks, almost twice the size of normal ones, can still
be scen in a number of houses i Measham (120/SK 334122) and nearby
villages.

Wilkes' Gobs were unly successful for 2 short time, as i 1805 bricks
larger than toin by 3in by sin paid double the wx, The rate of duty was
substantial, starting in 1784 at 2s 6d per 1.000 and reaching $s in 1863, when
tiles were also included. In 1833 the tile ax was repealed but 2 years later the
duty on commaon bricks was raised 10 ¢s 1od per 1,000, All taxes on bricks
were rethoved in 1850, a comiderable sacrifice of revenue by the government,
which, in the year before the duty was repealed, collected charges on 1,800
million bricks.

Throughout the nincteenth century brickmaking continued o be the
highly localived industry which it had always been, located near its market
as the resule of heavy tansporr charges on articles of low unit cost. Clay
suttable for brickmaking is widespread and, ay thewe clays arc very varied,
even in an industrial England, where uniformity was almost applauded m
ordinary buildings, brick-built howses exhibit a surprising diversity of
colour and texrure,

Mechamsanion of the brick-making process occurred progressively
throughout the nincreenth century, although some of the first IMprovements,
such as the compacting of clay under rollers, were introduced in the middle of
the cighteenth. Ac thar date bricks were hand-moulded anid often fired
mn clamps m which the newly doed “green’ bricks were stacked with layers
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40 Conical brick kiln, Nettlebed, Oxfordshire

of slack coal under a layer of earth. Later, updraught kilns were used, the
bricks being stacked ina chamber with a fire below ; emperarares were much
tugher, greater vitrification of the clay occurred and stronger and more
durable bricks resulted. As with kilns for fine china, there is great varety
to be found in the rypes of kiln built for brick and tile firing, both inter-
mittent and contnuous. The mamn problem wath brick finng was that
it was a batch process, both expensive in fuel and nme. The breakthrough
canie with the inroduction in 1858 of 3 form of continuous kiln by the
German engineer Friedrich Hoffman (1818-1900). The Hoffman kiln wis
circular, with a wall central chimney, and consisted of 3 series of radiating
chambers which could be charged, tired and unloaded in a continvous
succession. The gas flow was so arranged that the exhaust from the bank
being fired dried the ‘green’ bricks in the next bank and air passing over fired
bricks in previous chambers cooled them, while providing preheated mr
for the chamber being fired. Kilns of this type are now becoming rare in
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Britain; remains of one can be seen at Glencaise, Perthshire (55/NO 193206),
and a very large example was demolished recently at Donnington, Shrop-
shire, although a film of its operation is held by the lronbridge Gorge
Museum. Brickmaking, together with roof tile manufacture, is one of the
industrics well represented in the East Shropshire coalfield and one which
this museum is anxious to have represented. A small brick and tile works at
the Blists Hill Open Air Museum is currently being restored, as is the adjacent
clay pit winding gear. A roof tile drying floor with underfloor flues has been
reconstructed and a number of tile presses, which look rather like the fly-
presses seen in engineering works, have been restored to working condition.
Twao circular Hoffmans dating from 1866 and 1873 at William Thomas’s
works at Wellington; Somerset, are unlikely to survive long, but the owners
have co-operated with local industrial archaeologists to ensure proper
recording.

Another aspect of the tile industry which enjoyed enormous markets in
the second half of the mneteenth century was the manufacture of decorative
wall and flor tiles. Two of the largest makers, Maws and Craven Dunnill,
had their works at Jackfield in the Ironbridge Gorge, and although the
industry here is now extinet, buildings stll survive and the companies’
products can be seen in profusion in local buildings. Maws were in fact the
largest tile manufacturers im the warld ar the end of the nmeteenth century,
producing floor and wall tiles which appear in noncanformiss chapels,
butchers” and game shops and stations on the London Underground. They
were responsible for introduang the steam=driven tile press in 1873, Other
major tile makers ncluded Minton, Copeland and Doulton although the
latter had a greater reputation for making terracotta, 3 matcrial fired at a
high temperature which could be moulded to inwricate shapes. Unglazed
terracotts and the glazed faience varictics were beloved of architects caught
on the crest of the wave of Gothic revival, Withoot the mgenuity of the
Viceorian brick and tile makers, we woulld not have, or would have been
spared, the Albert Memorial, Keble College Chapel and the Midland Hotel,
Manchester.

One remammg aspect of the buildmg marterials indusery demands avention
—the manufacture of cement and concrete. The huge increase in building
works ereated a need not only for cement for ordinary constructional
purposes but for hydraulic cements which would set in the absence of air.
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In the early nineteenth century there were numerous so-called "Roman’
cements available, makers being stimulated by the London Building Act
of 1774, which encouraged stucco facings for buildings, but more by the
demands of canal, harbour and railway engineers. Parker's cement was one
of the better patent ‘Roman’ cements and was used by Thomas Telford in the
construction of Chirk Aqueduct (118/S] 287373) because of its water-
resistant properties. It was also employed by Marc Isambard Brunel (1766~
1849) for the Thames Tunnel (161/TQ 352800).

The first really strong cement came in 1824 when Joseph Aspdin (1779~
1855) patented a mixture called Portland cement, the name deriving not
from any connection with Portland but probably from a desire to take
advantage of the implied quality which the name Portlnd gave. Portland
cetnent was at once a success. It was made by finng a clay and lime mixture
at very high temperature in 2 type of boule kiln quite unlike rraditional
limekilns.

Limekilns are amongst the most familiar and least studied of industrial
archacological sites, The majority were simply for burning lime for agri-
cultural purposes, bus these were usually small kilns often only a few feet
high, Examination of a large-scale map of an arca such as the Mendips
reveals a limekiln in the comer of almost every ficld; exploration on the
ground wsually produces littde more than 3 pile of rough stones. Coastal
sites were quite common, too, and the North Devon and Somerset coasts
have numerous limekilns which relied on South Wales coal brought across
the Bristol Channel in sailing trows. Some of the Somerser kilus were on the
foreshore; the trow ran up on to the beach, stayed there over low water
while its coal was unloaded into horsedrawn carts, and left on the following
tide. Although many large kilns were built for burning agricultral lime,
most wete for making lime cement. They are frequently found built mto
hillsides, in much the same manner as were blast furnaces in the eighteenth
century, taking advantage of the high ground at the back for charging in the
raw macerials and the low front for withdrawing the bumt lime. Large
numbers of this type of furnace can be found associated with limestone
quarried along Wenlock Edge in Shropshire, A particularly well preserved
group (Mlate 41) stands in the designated site of the Black Country Museum,
Dudley (131/50 949917), alongside the Ag123 Birmingham to Wolverhamp-
ton road. These kilns, dramanieally depicted by J. M. W. Turner 150 ycars



41 Limekiln built in 1842 an the site of the Black Country Open Air Museum,
Dudley

ago, were served by their own branch from the nearby canal, which provided
an outlet for the lime. A much more modern kiln (Plate 42) of the split-shaft
type stands at Berchworth in Surrey (170/TQ 2083514).

Although concrete, consisting of o cement matrix and an aggregate of
stones, 15 often n:ga.rd.:d as a \'.'h(!]i':.' modern material, ie had s Griging
at least 2,000 years dgo when it was wied in Roman bridges and other
enginecring works. Mass lime concrete continued to be used intcrmittently
for foundations, and in sca walls and breakwaters, until the minereenth
century, when the first aemprs were made o develop its porennial further.
From the 18504 Portlind coment was increasingly used inseead of the older
lime cements and, although this created problems because setting was so
much more rapid, the vastly improved strength of the newer material
stimulated numerous expenments i the application of conerete for building
and civil engineering. Throughout the second half of the nineteenth century
““-mP:_q. wWiere :'u;ldl.'.. }unimlad}' i Fr.t!:Il.'l.'. {u] tic!ﬁ;lnir COncrete hmldltlg
techniques and eventually two rival Frenchmen, Edmond Coigner (r8so-
1915) and Francois Henncbique (1842-1921), perfecied concrete com-
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43 Split-shatt limekiln, 7oft
high, at Betchworth, Surrey

wruction systems for commercial use. Coigner developed the pioneering
work of his father, Frangois (1814~88), who proposed reinforcing the
eancrete with iron rods .m:| beams and from 1800 onwards patented the we
of reinforced conerere for pipes, wnnels, precast beams and piles. The
Hi.'ril}i'hll.lut system was mtroduced to Britain when L G- Mouchel opened
an office in London in 1897 to exploit it under licence. It embraced columms,
l‘-c'alm. Hm'fh and 1.\'.1”.-.. all i remnforced concrets, antd had no rval in
Britain until {:mgﬂct mtroduced his system m 1904

Early reinforced conerete structures are surprisingly rire and are seldom
apptectated for what they are, One of the st large concrete-framed
h‘-illdlligﬁ. constructed  on the Cmgm‘t pnnnp]c. stands mear the entrmce
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to Bristol docks where three massive brick-clad tobacco bonds dominate
the niver (156/ST 567723), while a very carly reinforced concrete bridge,
the Free Bridge of 1908 (119/S] 681033), crosses the Severn anly 4 mile
downstream from the pioncer iron bridge of 1779, What is perhaps the
first concrete bridge in Britain, although made of mass concrete with no
reinforcement, dates from the 1880s and crosses the River Axe at Seaton
in Devon (177/5Y 253000).

VOTTERY

As with the manufacture of bricks and tiles, the pottery indusery relies on
clays which are fired in a kiln unul vitnification oceurs. The amplest possible
classification would group pottery into earthenware, stoneware and porce-
lamn, depending on the temperature of firing and quality of the clay and
additional ingredients. Glazes arc used for most pottery to make it im=
permeable and 1o produce decorative effects. Many are based on silica
assoctated with other materials: thus Jead glaze is silica and litharge, while
others incorporate silica with alumina or felspar. The glaze s, in effect, 3
thin layer of glass fused on to the surface. Earthenware on the other hand,
which s used for dram and sewer pipes among other things, was until
recently glazed with common salt thrown into the kiln and allowed 1o
vitrify an the articles being fired.

Clay suitable for pottery making is widespread in oceurrence although
widely variable i quality. Invariably, however, it requires pretreatment
before it can be used. The finst process is wsally one of *blunging’, in which
the clay is mixed with large quantities of water that is then sieved off from
the resulting suspension. When in a stiff plastic form, ir is then ‘wedged',
1e large picces are thrown on top of each other to remove the air bubbles.
Once in a suitable stare for working, it may be used in three possible ways
to make a pot. Firstly it can be pressed, in its plastic stare, into a mould:
secondly it can be thrown on a wheel; and thirdly it can be reduced 1o 2
liquid sludge and poured mto 4 mould. The finihed picce of pottery is then
fired in a kiln to produce vitrification of the clay and, at high temperatures,
impermeability. At lower firing temperatures glazing is essential.

Although clay for earthenware and stoneware is fairly widespread in s
distribution, the raw matenals of poreelan, the finest type of ceramic,
occur only in limited areas. During the seventeenth century Chinese por-
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celain was being imported into Europe in increasing quantities, largely as the
result of trading connections forged by the Dutch East India Company after
its formation in 1609. The properties of Chinese porcelain, fine quality and
whiteness, were at that dare unawainable in Europe, but by the mid-seven-
teenth century were being imitated in Delft by the use of a soft clay body
covered with tin enamel, By the latter part of the century this was, in its
turn, being imitated in England at Bristol, Lambeth and Liverpool. Distincy
and independent lines of development are then discernible in the evolution
of fine portery, with, on the one hand the continued production of this glassy,
soft paste imitation porcchin, and on the other the producrion of true
European porcelain, A third quire spectfic immovarion, confined to England,
was the production of bone china.

The discovery in Europe of the technique of making real hard porcelam
represents one of those curious but by no means unique instancss of a
simultaneous technological mmovation occurring m more than one place
as the result of similar, but unconnected, thought processes. Friedrich
Bottger (1682-1719), working in Meissen, near Dresden, had pioncered the
use of china clay (kaolin) fused with a calcareous flux (marble or alabaster)
at temperatures up to 1,400°C and on the basis of lus work Meissen por-
cchain became supreme, and 4 closely gu;,rslvd sectet, In France the manu-
facture of porcelain began at Sévres in 1768 as the result of persistent experi-
ments pursued by P. | Macquer (1718-84), while in the same year the
independent experiments begun in 1745 by William Cookworthy (1705-80),
a Plymouth chemist, resulted in the granting of the first English patent
for true porcelain, He started manufacture in Plymouth using local timber
as his fuel but moved to Bristol in 1770 to take advantage of plenritul coal
supplies. By the 1780s the patents, which had been taken over in Bristol by
Richard Champion (1743-91), were being challenged and porcelain manu-
facture began in Staffordshire. One of these Staffordshire posters was
Jusiah Wedgwood.

The mincral which provided the key to the porcelain secret was kaolin,
the product of decomposition of granite. The components of granite are
quartz, mica and felspar and it 15 a decomposition of the felspar {aluminium
silicate) by 2 process known as kaolmisation which produces china clay.
Most of the china clay found in Britain has come from the granite massif of
Hensbarrow, north of St Austell in Cornwall, but the Lee Moor area on the
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slopes of Dartmoor above Plymouth bas also been imporrant. At first
sufficient supplies could be found in small pits close to the surface, but as
these became worked our and as demand grew, much larger and deeper
¢lay excavations were carried out, reaching in recent years depths in excess
of 4ooft. By the mid-nineteenth century huge quantities were being sent to
contmental Europe, notably Hamburg and Antwerp, but the largest single
marker was Seaffordshire; which by then had become firmly established as
the pottery centre of Britain. The siting of the mdustry here, at such a long
distance from the source of clay, is explained largely by supplics of fucl
The pottery industry is to a great extent located near its fuel supplies, which
i this case was Staffordshire coal; the addinonal pull of this area was the
already established tradition of pottery manufacture based on locally
available clays.

To the mdustrial archacologist the china clay area of Comwall provides
pechaps the most extreme example of a lindscape of eacher exploitation,
with hoge pits separated by vast glistening white tips of the mica waste
washed from the knolin. Despite this, it is 2 man-made landscape which,
pethaps more than any other, has a stark almost ghostly drama and magni-
ficence abour 1. Like the un mine engime-houses elsewhere in the county,
the clay waste tips of St Austell are now a hallmark of the Cornish landscape.

Evidence of the clay processing can be seen in 2 number of plices but
nowhere is the range of equipment as complete as ar Wheal Martyn (185/SX
004555), west of the Azor 5t Austell to Bodmin read. Closed in 1966, this is
perhaps the last small fanily claywotking in Comnwall where all the intricare
hydraulic processes connected with the separation and seuding can still
be seen complete. On the site 15 a 256t diameter overshor waterwheel which
by means of a crank drove a flar connecung rod that operated u pump
through a bellerank. This pump lifted the clay slurry and allowed it to
flow through mica drags, from which the refined liquid gravitated to
setling tanks and finally kiln tanks. As the water evaporated, the clay
thickened and was finally spread on a Hoor, below which were Hues from a
coal fire. After drying for some 1zhr the clay was cut from the pan and
thrown into & storage shed alongside known 2 the linhay, The Wheal
Martyn site i surprisingly complete, and, in addition w the cquipment
listed above, a large 33kt diameter waterwheel used o operate, by means of
flar rods, another pump z.000ft away. Shortly before it closed, Wheal
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Martyn passed from the ownesship of the Martyn family, who bought
the site in 1790, to English China Clays, which intends to develop there an
open air muscum based on the conservauon in sitw of the surviving remains.
In addition a number of other sites arc being preserved, including, ar Park-
andillack clayworks near St Dennis (185/SW 945568, a soin beam pumping
engine of 1853 complete with Comish boilers and dog’s pawmarks cast
into the iron beam! West of the engine is a ‘bunton-hole launder’, or wooden
box containing a number of plugs for draining the pit, and an extensive
series of micas,

Two other clayworks’ pumping engines survive in Comwall in addition
to the Rostowrack 22in engine preserved m Holman's Muoseum i Cam-
borne. One, still it its ariginal engine-house ar Goonvean (183/SW 047552),
15 a s0in Cornish beam pumping engine of 1863, and the other has been
removed from its original site at Greensplare Clayworks, Garthew (185/SW
997554), and re-crected in 3 park-cum-museum open air site at Wendron
Forge (189/SW 680315). Another rare survival at Slip Chinastone Quarry,
also ar Goonvean, 1 an overhead aenial ropeway still used for raising clay
out of 4 250ft deep pit.

Having examined the otiging of kaolin, the raw material of the porcelain
industry, let us consider the production end of the process and in particular
the main centre of pottery making in Britain—the ‘five towns” of North
Staffordshire centred on Stoke-on-Trent. When in 1782 hard paste porcelain
was fint made st New Hall near Shelton, Suffordsire was already well
established as a pouery-making centre, There was coal, & wide variety of
clays and a firm tradition of poring. Even m the late sixteenth century
Burslem and Hanley were producing jars, bottles and butter-pots, lead-
glazed and fired with coal dug by the potters themselves. By the 1680s a
second method of glazing became available with the introduction of salt
glaze from the Low Countrics; but neither of these processes, when applied
over the common brown clay of the area, resulted in a product with the
appeal of Delft. Pale Shehon elays were used in the fisst steps towards a
finer white-bodied ware, and eventually a fine white salt-glazed stoneware
evolved from a white-burning clay mixed with fine grit and sand. It enjoyed
great popularity during the cighteenth century, being hard, wanshucent
and as near to porcelain as could be reached short of the real thing, John
Astbury (1688-1743) was instrumental in developing this ware and also
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m unlising ground fine (silica) in the body material 25 2 whitener, Initially the
flint was ground dry under stamps rather like those wed in Cormwall for
crushing tin ore, but the problems of silica getting into the lungs of men
working the crushers soon resulted in the development of a process for
grmding underwater,

One of these Aint mills is preserved in operational condition ar Cheddleton
in Staffordshire (110/5] 974325). The onginal mill on this sice was built as a
corn mill, certainly before 1604 and prabably muoch earlier, The present
North Mill building dates from the 17508 or 17608, and was probably built
by the famous millwright and canal engincer James Brindley (1916-72). In
the 17708 the onginal mill, by now known as South Mill, was converted for
Hine grinding also. Two undérshot waterwheels driven by the River Churnet
provide power for the grinding machinery, while set into the bank of the
nearby Caldon Canal are kilns for calaning the fline. The Flint Mill Preser-
vation Trust was formed in May 1067 and the mill opened to the public
m April 1960,

Despite all these attempts duning the cighteenth century to produce a
superior form of stoneware, it was not until the wmiroducton of real hard-
paste porcelan, based on china clay, i the 1780s that Staffordshire began to
produce wares of the highest quality. Even the introduction of this new
technigue might not have brought Staffordshire real Game and fortune had it
not been for the entreprenennal skill and organisational ability of Josiah
Wedgwood (1730-95).

Emug]:.t up as a potter, Wedgwood set up on lis own account at Burslem
in 1759. One of his initial succeses was a fine green-glazed ware, which he
followed up by an improved stoneware evolved from carlier creamwares.
Having obtained royal patronage, he called it Queen's ware and it was soon
being made in dozens of potteries and wsed all over the country, Wedgwood
never looked back. With newly imtroduced steam power to drive fline mills
and lathes for producing refined shapes; the Staffordshire potrery industry
was on the way towards rapid and large-scile expansion. But the expansion
was hot based solely on mechanisation and incressed demand, Wedgwood
developed a new works ac Erruria in which to develop mechanised pottery
manufacture, but he realized that to optimise the benefies which powered
machinery afforded he had to press the division of [abour to the maximum,
with cach distinet process identified and separated. He simed ar 2 production
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line process in which individual crafsmen expressed their skill m a limited
field, arguing that this afforded them greater opportunities for developing
their latent abilities. The specialisation within the labour force was geared 1o
) gutlcd pay. structure ranging from 425 pEr W vek for an cxpcnmcc:!
modeller to 15 3 week for the least skilled, There can be litle doubr thar
Wedgwood's friendship with Matthew Boulton (1728-1809), the entre-
preneurial half of the parmership with James Wart, stimulated many of the
ideas he introduced. By the time of Wedgwood's death in 1795 the industrial
revolution m the pouery industry was in full flood

To travel through "The Potteries’ only 25 years ago was an expericnce
shurtering to the eye and the nose, Hundred upon hundred of I!Hr!IEI.'—-’.E'l..lFH.‘d
kilns stuck up through the skyline of smoke-blackened termace houses.
Today almost all those battle kilns have dsappeared as the mndustry has
rationalised and adopted new techniques. Tunnel kilns, completely auto-
mated in their operation, have replaced the long established ‘potbanks” wath
their bortle ovens and uncomplicated processes. As a resulr of this change,
and in order to try and preserve something of the old methods, the Stafford-

41 Gladstone Poteery, Long-
ton, now being  preserved
by the Staffordshire Pottery
Industry Prescrvation Trust
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shire Pottery Industry Preservation Trust was ser up with the specific
objective of saving from demolition Gladstone Pottery (Plates 43-4) m
Longton (110/5] 912434). The aim here is to create 3 museun in the existing
buildings, the best surviving cxamplo of a potbank, scarcely touched by
twenticth-century techmology, where the old processes are being carried out.
Displays include not only the products but alio contemporary infor-
mation on the supply of materials and distribution of finished wares. A
project somewhat similar in concepe 15 scheduled for another carly group
of pottery buildings at Coalport on the banks of the River Severn in Shrop-
shire (119/S) 6p5024). Here the Ironbridge Gorge Muscum Trust intends ro
testore the works, together with their botle kilns, where Coalport china
was made from the mid-eighteenth century down to the 19205 The Coalport
company moved to Stoke and is now part of the Wedgwood Group
but the original pottery survives substantially intact and will be used as 3
museam illustrating all aspeets of the clay industries of the lronbridge
Gorge, ranging from Coalport china to decorauve floor and wall siles.
The craftsman potter already established at the Blists Hill Open Air Museum
will move to Coalport, whete the processes of manufacture of poreelain
will also be demonstrated.

GLASS

The earlicst man-made glass dates from about g000 pe, when it was wed
in Egypt and Mesopotamua as a glaze for beads. By 1300 8c hollow glass
vessels were in use; they were probably made sround a clay core which was
chipped away when the molten glass had solidified, At about the samie dare
small objects, such as pieces of jewellery, were being made in glass by
pressing between clay moulds, and finishing by grinding and polishing was
also becoming common. The high temperatures necessary to-smelt the raw
materials for glass were achieved in simple furnaces, the glass being contained
in a crucible made of a refractory substance such as ¢lay that had a higher
melting point than the glass irself. Possibly in the first century B¢ mouth
blowing of glass, using a blowing iron, was introduced, and this remained
the main method of glass forming for nearly 2,000 years. Blown glass vessels

44 Botde overs at Gladstone Pottery, one of the few remaning potbanks where
these once common features of the Potteries still survive
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of Roman origin are quite common, and it was probably during the Roman
occupation that glass was fint made in Brtan. Traces of Roman glass
furnaces have been found ar Wilderspool near Warrington and Caistor-by-
Norwich. In the first century ap glassmakers had mastered the art of making
clear transparent glass, a great improvement over the earlier opaque types,
and delicate colours could be consistently achieved by adding a vanety of
chemical ingredients. Glazed windows were in use by the first century Av
also, particularly in the north European areas of the Roman Empire.

Glass is a crypto-crystalline substance solidified from a variety of inorganie
muterials melted at high temperature, that is its molecular structure does nat
exhibit a crysulline pattern. Many different glasses, with properties varying
according to the raw materials used, are made today, The main ingredients
of almost all commercially important glass is silicon dioxide (SiOy), often
found in the form of sand. In its pure state very high wmperatures (over
1,500°C) are necessary to fuse silica, bur glass which melts at much lower
temperatures can be made by adding fluxing agentssuch assoda ash (Na,COy)
to the silica sand. The melting temperature can be reduced to about 800°C
by adding 25 per cent of soda ash but the resulting substance, waterglass
(NaySiO,), as its name implies, is soluble in water. Addition of a stabiliser
such as limestone (CaCO,) results m a non-soluble glass. An ordinary glass
bottle or jar contains approximately 55 per cont sand, 25 per cent soda ash
and 20 per cent limestone. To assist melting, 15-30 per cent of scrap glass
or ‘cullet’ of the correct composition s usnally added to the mgredients,
which are known as the "barch’.

Silica-soda-lime glasses are by far the most important group in terms of
tonnages produced and variety of uses. The ingredients are cheap and casily
obtained, the glass is well suited to shaping and it has good chemical-reststant
propertics: The colour of these glasses tends to be greenish, a result of the
naturil iron content of most sand, and in the case of old bottles where colour
was immaterial the iron imparted an almost opaque blackish-green appear-
ance. The cheapest bottle glass of the cighteenth or nincteenth centuries was
of this crude and unrefined type, In evidence presented to the commissioners
at an excise enquiry m 1831 it was stated that the materials wsed in common
bottle glass were sand, soap-makers’ waste, lime, common ¢lay and ground
bricks. Flint glass, from which tableware was produced, contained pearl-ash,
litharge or red lead, Lynn or Alum Bay sand (parncularly low in iron) or
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"Yorkshire stones burnt and palvenised'.

Lead glasses have a high refractive index and electrical resistivity, and
comsist primarily of silica sand with as little iron as possible, potash and
lead oxide. High quality rable glass is made of lead glass, which, because
its viscosity does not increase at a rapid rate during cooling. is parricularly
sitable for hand-made production; and also for engraving and cutting, an
art that became highly developed in the late cighteenth century. Since the
late seventeenth century lead glass has been used and known as "English
crystal’, Tts constituents are more expensive than those of common glass,
the amount of lead varying considerably—up to 92 per cent of lead oxide
in some cases. A modern high-performance glass composed of high-purity
silica sand and boric oxide is borosilicate glass. The boric oxide acts as 3
fux, permitting a teduction in alkali content that results in improved
chemical stability and electrical propertics, Developed early this century to
cope with the problem of rain on hot milway signal-lamp lenses, boro-
silicate glasses are now widely used where extreme thermal conditions occur,
and their low coefficient of expansion and durability makes them ideal for
industrial use and for ordinary heat-resistant domestic ovenware. Coloured
glass 15 as old as glass itself bur methods of production and knowledge of the
chemical additives needid were at first crude and unsaientific.. Empirical
methods, however subject to variation in the quality of the final product,
produced some spectacular results, of which the rich glowing blues and
reds of medieval church windows are the most notable examples surviving
today.

There is little evidence available of the furnaces used by early glassmakers,
but Theophilus in his Diversum Artiwn Schedula of the twelfth century Ap
describes 4 rectangular furnace divided into two unequal parts; in the smalles
section the raw materials were heated o form a vitreous mass known as
'frit', which was broken up and melted in potssunk in the hearth of the larger
part of the furnace. Agnicola in the mid-sixteenth century also describes
furnaces in two parts: the oven-shaped fritting fumace, with pots for the
molten glass arranged round a centeal hearth, and the annealing farnace,
oblong in shape with a small hearth below the floor. Annealing is an essential
stage in the manufacture of most glass. Because of its low thermal con-
ductiviry, the surface of glass cools and therefore shrinks more quickly and
to a greater extent than the interior. If unchecked, enormous stresses would
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be sex up within the object, leading to breakage, bur this can be avorded by
slow cooling at a controlled rate. This is anncaling, which takes place in an
oven or lehr. In a modern glassworks, for example, bortdes pass slowly
through the lehr on a conveyor belt and over a period of some 2hr the
temperature is gradually reduced from abour £40°C.

All carly furnaces were ficed by wood, the wood ash providing the neces-
dary alkaline flux. One example of 3 type of wood-fired furnace introduced
m the sixteenth century into Britain by French and Flemish glassworkers
survives almost in toro. It was discovered in 1068 at Rosedale in the North
Yorkshire Moors and larer moved to the Rydedale Folk Museum, Hutton-le-
Hole, near Helmsley, Yorkshire, where it was partially reconstructed and
1s on view to the public (86/SE 705900). The Rosedale glassworkers were
perhaps the most isolated group among the numerous glassmaking families
who came to England m large numbers in the 14600 and 15705 and set up
furnaces im the heavily wooded areas of the Weald, and in Hampshire and
Staffordshire. Fig 26 illustrates the probable origimal layour of the Rosedale
furmace, which corresponds almost exactly with furnaces in use in Northern
France in the late sixteenth century. Ingredients for the glass were heated in
clay crucibles made on the site from loclly available elsy and baked in the
side arches (F) of the fumace. The wood fucl was burnt in the central hearth
(A). and burning gases arculated mside the chamber and through linnet
holes or lunettes (E) into the side or wing arches. Glass was melted in erucibles
(C) and the glassworkers wanding at the side of the furnace inserred their
pipes into the molten glass through holes (D). With the exception of a small
access hole, these apertures would be stopped up with a clay filling during
operation, the clay being broken away to allow removal of the erucibles for
recharging.. After fashioning, the glass, which in the case of the Rosedile
furnace consisted largely of drinking vessels, bowls and similar utensils, was
annealed in the side arches. and these were also used for friting and heating
the erucibles. The temperature of the wing arches could be enntrolled 1o some
extent by partially or whelly closing the linnet holes from the hearth arca.

Probably many other fumaces of this pattern were set up, mainly in
southern England, where timber supplies were reasonably plentiful, Com-
pﬂd‘ﬁﬁﬂ EI'GIII the ﬂﬂphlﬂl&lﬂg_ and iron indll!tﬁn was gtg“,'ing. hﬂ"-‘ﬂ'ﬂﬂ!,
and in 1615 there was 3 Royal Proclamation forbidding glassmakers 1o use
wood for fuel. Availability of coal now became the chief locational factor,
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THE ROSEDALE GLASS FURNACE
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together with suitable sources of cliy and the convenience of rransport
systems, The first coal-fired furnaces were probably modifications of the
Rosedale pattern. During the seventeenth century a distincrive and com-
pletely new type of coal-fired furnace was developed in England, using the
reverberatory process, in which the buming gases came into direct contact
with glass in open crucibles, The English glissworks, consisting of a trun-
cated cone up to Soft high and with a base diameter of some 40-s0ft pro-
vided the foundation for the mdustry on a large scale and was copied
in Europe also. So significant was shis fumnace that it was included m Diderot’s
Encyclopedic in the lave cighteenth century, one of the few pieces of British
manufacturing technology specifically mentioned. The tll cone fulfilled
dual fanction, by providing cover for the glassworkers and a high level
outlet for the furnace sitmated centrally on its fHoor, The grate was at
approximately ground level, with a combined fluc and ash tunnel ninning
beneath it and extending across the building. The fumace would have
between four and ten gliss pots, with a flue besween each. Immediatcly
abreast of each potand between rwo flues was an aperture called the work-
ing hole, used for introducing the raw materials and getting out the malen

glas,
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The furnace was fired by coal shovelled through a square fire hole on to a
grate in the centre. The Hames or smoke were directed towards the sides,
around the glass pots, and discharged up the flues 1o escape into the central
chimney of the cone itselll A ten-pot cone consumed 18-24 tons of coal per
week. In addition to the principal furnace around which the glass blowers
worked, there was also 2 small subsidiary furnace or “glory hole’ for softening
vessels during fabrication when they were o0 large 1o be heated in one of
the working holes. A long gallery, the lehr or annealing arch, opened at one
end mnto the cone and the completed glassware was placed in this to cool
gradually:

The crucibles in which the glass was melted had to be carcfully made 1o
prevent cracking in the mtense heat of the furnace and to resist the solvent
action of molwen glass. They were commonly made of five parts Stourbridge
clay, a very pure refractory clay notably free from lime and iron oxides,
together with one part burne clay or ‘grog’ obtained from old crucibles
ground down 1o a powder,

Some five glass cones sull survive m Britain, the most prominent mony-
ments of the cighteenth- and nincteenth—century glass indusery. The oldest
of these, older indeed than any other cone in Europe, is at Catcliffe near
Sheffield (103/SE 425887). It is the last survivor of at least six glasshouses
known to have been built in the arca in the eighteenth century ar the height
of the prospenty of the South Yorkshire glass industry. The industry
became established in the Bolsterstone area in the mid-seventeenth century
and by 1696 three glashouses were in operation—one near Ferrybridge,
probably at Glass Houghton, and two near Silkstone. William Fenney, works
manager at Bolsterstone, left there in 1740 with 2 workman named Chatter-
ton to start production in his own works ar Cateliffe, 164 miles to the south-
east. Two cones were erccted and ane of these survives today, substantially
complete, Goft high and with a base diamerer of some goft: It has recently
been restored. Excavation of the flue beneath the cone, which contains no
retnains of the furnace or ancillary bulldings, has revealed that glass borttles
were being made there down to the early 19005 when C. Wilcocks & Co
owned the works, bor flint glass and jugs, vases and Rasks, often decorated
with opaque white stripes; were known to have been made at least as lare
as the 1870s,

Of the numerous other glass manufaciurers established in South Yorkshire
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during the nineteenth century little else remains, although a firm origunally
established at Worshorough Dale in 1828 is still active in Barnsley as Wood
Bros Glass Co Led. The oldest surviving glass firm in the arca, dating from
1751 and now known as Beatson Clark & Co Led of Masborough, Rotherham,
has preserved many examples of the glassware produced w the nincteenth
century, including very good examples of glass engraving,

in the North East, at Lemington, near Newcastle-upon-Tyne, is another
glass cone (78/NZ 184646) which, although somewhat later in date than
Carclifie, provides a visual reminder of the industry that became important
in the region from the early years of the seventcenth century, anracted
primarily by cheap coal. I 1675 Sir Robert Mansel obsained a patent for
making glass with coal, and, after trying to starr a works m London and
elsewhere, 'was enforced for his last refuge contrary to all men's opinion
1o make triall ar Newcastle upon Tyne where after the expense of many
thousand pounds that worke for window-glasse was effected with New-
castle Cole', Glassinakers from Lormine came to Tyneside abour this time
abso and by the end of the seventeenth century were working at South
Shields, where plate glass became imporrant. By the mid-nineteenth century
glissmaking had become an important manufacruring industry in the
Notth East, and flint plass, crown glass for glizing, and bottleswere produced.
The Wear glassworks, established at Sundecland in 1842, to produce a new
kind of sheer glass called rolled-plate that was rather like unpolished plate
glass, achieved a worldwide reputation aficr supplying the glazing for the
Crystal Palace in 1851,

The Lemington Glassworks, famous in the nineteenth century for flint
and crown glass, was founded in 1787 by 'a company of enterprising gentle-
men (who) entered into the ghass wade in Newcastle under the firm of the
Northumberland Glass Company’. They were granted a lease of the site at
Lemington and quickly erected their first glisshouse ,which was called “the
MNorthumberland Glasshouse’. Within a short time there were three more,
including one which was very lofty and buile of brick. This s the cone which
still stands at Lemington. The site is now occupied by Glass Tubes & Comi-
ponents Led, but the cone is no longer used,

Other glass cones may be seen at Stourbndge, Worcestershire (130/50
894864), and Alloa, Clackmannan (s3/NS 881924), while in Bristol the
eruncated base of 4 glass cone of about 1780 has been converted into 2
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restaurant for a new hotel (156/ST 592723). The mcomplete remains of 2.
cone also survive within the works of Pilkington Brothers, St Helens.

Comprehensive physical remains of the glass indusery m the nineteenth
century, when processes were changing rapidly, are hard to find today, but
there are two excellent museum displays which, although they contamn
hetle actual manufacouring equipment, go a long way towards explaming
the various techniques. The Pilkington Glass Museum at St Helens, Lanca-
shire (100/S] 498046), illustrates all the major stages in the development of
the industry, concentrating particulatly on the production of Hat glass. The
method of making plate glass of high qualicy by casting was meroduced mio
Britain from France i 1773, when the Brinsh Cast Plate Glass Company, as
it became called after 1798, was established 3t Ravenhead, St Helens, Pare
of the Ravenhead casting hall and works sall stands within the Pilkington
complex, and there are hopes of tuming them imto 4 museum ro house some
of the heavy equipment of flar glis making,

The second museum display of note is in the Science Muscum, South
Kensington, and was opened in 1968 as a gallery of glass technology. Two
booklets prepared by the Glass Manufacrurers” Federation, Glass History
and Making Glass, are available ar the museun, There i alio 2 descriptive
catslogue listing all the exhibits and illustraring many, Unlike the St Helens
muscum which contains fine representative collections of art glass, the
Seience Museum gallery concentrates almost enuirely on the manuficturing
techniques, with examples of vanous produets wo illpsrate advancing glas
technology. Although little glasmaking equipment survives, the everyday
products of the industry over the kst century and a half, particularly i the
form of glass conminers and window glass, are commonplace.

Glass wine bottles began to replice leather and earthenware ones in the
second half of the seventeenth century. At first wine, like beer, was stored in
barrels, and bortles were used mamly for carrying drink from the wine
merchants to the tavern; for limited storage and for serving at table. The
catliest gluu bottles for this purpose were pale green and globular, and of
light weight. Having no flat base they were usmally ‘wanded’, that is en-
encased in basketwork. or placed in metal stands on the table. In 1731 wanded
bottles were advertised at 425 a gross and common black bottles at 208 a gross.
The practice of having bottles embossed with a seal, often dated, grow up in
the 16608, and is 3 useful aid to wacing the evolution in the shape of wine
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bottles. Towards the end of the eighteenth century boules became less
globular, acquiring an angular shoulder berween body and neck. At the same
time the "kick up’, 3 concavity in the base of the bordle which aided stabilivy
and assisted annealing in the days before the development of the tunnel lehr,
was increased in size. A fine collecton of wine bottles, together with some
borle-making moulds, is exhibited i Harveys Wine Museum, Denmark
Strect, Bristol (136/ST $84729).

In the carly scventeenth century it was discovered that beer could be kepe
almost indetinitely in bortes, and thag, with a small amonnt of sccondary
fermentation occurring after borling, it could actually improve m qualiry.
The heavy raxation on glass was an initial restraint to the widespread adop-
tion of bottles, but wath the repeal m 1845 of the Excise Acts, which had
imposed 3 tax of 85 od per cwt on gliss boteles, the indusery expanded rapidly.

A majot problem with beer and the new carbonated soft drinks was to
devise a sanisfactory bottle closure. In 1872 the intemal-screw stopper was
patented by un Englishman, Henry Barreet, and in 1802 the familiar crown
cotk by an American, Willum Painter. Louws Pasteur’s theonies of food
prescrvation ‘were meanwhile put into practice in a Copenhagen brewery.
which produced the first pasteurised beer. Earthenware bottles had been
used by the carly pioncers of soft drinks such as Jacob Schweppe, a Swiss
who set up business in Bristol in 1794, bue the wired-on cork closures were
never satisfactory because they dried out and leaked. The ege=shaped glass
bottle was introduced in 1814 to overcome this problem. It had to be stored
o its side, thus keeping the cork moist. The egg bottle survived even after
the introduction of the crown cork had made the shape and the need for flat
storage unnecessary, and was in fact in use until the 1920s.

The best known and most successful internally stoppered bottle, patented
by Hiram Codd of Camberwell in 1875, had a glass marble pressed against a
rubber ring in the bottle neck by the gas pressure in the drink, Codd bottles
were used in Britam from the late 18705 until the 19308, and between 1890
and 1914 were the most widely used contuiners for carbonated soft drinks.
An exceptional collection of soft drink botles. together with bottle equip-
ment and gas making plant, was found recently i the works of |. B. Bowler
of Com Streer, Bath, and is now being prescrved by a newly formed trust,

Widespread preservation of food in glass containets began in the United
States in the 1860s after the invention in 1855 of the screw-topped jar by
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John Landis Mason. American domestic food-preserving jars dre still known
a1 Mason jars. In Britain the similar Kilner jar did not come into general use
until the 19205 Automatic jar manufacruring and filling machinery devel-
oped in the 1900s; it was followed i 1923 by the invention of the roll-on
closure and in 1926 by the pry-off cap sull used today. Bording of milk began
in the 1880 on 2 small scale, but it was not until the 19204 that pasteurised
milk delivenies in bottles replaced milk sold 'loose” from churns in the streets.
In 1934 bottled milk with a card disc closure was introduced i schools at a
cost of 4d for one-third of a pinr. Today the milk bottle has the more
hygenic foil cap and the wide-mouthed card-stoppered bottle has com-
pletely disappeared. Even the foil topped bottles of § years ago have now
given way to lightweight versions, with carefully contoured shoalders to
climinate mternal stresses.

The crown window-glass process was the earlier of the two chief methods
of making sheet glaw by hand and wasin common use until the early years
of the nineteenth century. Molten glass on a blowing iron was formed into a
large hollow sphere. Then a ‘pontil” or solid iron rod was attached 1o it by
nodule of the molten metal—glass 1s referred 1o as metal in & glissworks—
and the blowing iron then removed. Rebeating the glass on the rotating
pontil reduced it to 3 soft and semi-molten state in which centrifugal foree
cawsed it vo flash into a disc. The thin fire-polished dise of glass was removed
fram the pontil for anncaling and then cut up into sheers. Every sheet made
by this method had a bull's-cye or “crown’ from which it took its name,
this being the point where the ponnl had been attached. The sizes of pieces
of glass made by this method were severely restricted, and after abour 1830
the process gave way to hand cylinder-glass making. Crown glass is casy to
recognise in window panes by the fine aipples and Aow lines which form ares
i 1ts surface. The larger the radius of the are the nearer the edge of the glass
dise was the sheet cur.

The hand-cylinder process of sheet glasmaking was brought to England
from Loeraine in 1832 by Locas Chance. Ir was essentially a development of
the crown glass method, bur mstead of a sphere and then a dise of glass, an
elongated bulb was made 12-20m n diameter and s0-70in long. The ends of
the cylinder were removed, 1t was cut down its long side and, after reheating,
the glass was flatzened in & Rattening kiln. The sheers were much larger than
those of crown glas, were free from the central boss and were much
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cheaper to make. In 1839 Sir James Chance (1814-1903) mvented 3 method of
grinding and polishing sheet glass, giving it the brlliancy and transparency
of plate glass that had been similarly treated.

The third method of making sheet glass was to cast it in plates, a process
developed in France in the 1680s and introduced to England n 1773. The
great casting hall at the Ravenhead works, St Helens, where the technique
became established, still partially survives as ane of the largest industrial
bwuildings of its day, 113yd long by soyd wide. The method of making plate
was to pour molten glass on to a flag table, first made of copper and later
of cast iron, and when it had cooled and been annealed, over a penod of
about 10 days, the rwo faces of the glas were then ground and polished,
A number of other firnis were set up to cope with the enormous demand for
flar glass as a result of the building explosion in carly nineteenth—century
Britain, The St Helens Crown Glass Company was formed m 1825, the
Smethwick firm of Chance & Hartley broughr continental glassmakers o
blow cylinder gliss in 1832 and in 1836 the great Union Plate Glass Works
was set up at Pocket Nook, St Helens.

All these processes are well illustrated m the Pilkington Glass Museum,
St Helems, and the glass technology gallery in the Science Museam. bur
litele, if anything, survives of actual equipment. Modern manufacture of
Hoat glass and rolled sheet glass can be seen at the Pilkingron works; visits for
parties cant be arranged through the curator of the museum. The float process,
developed at St Helens in 1959, 1 one of the major advances in glhssworkmg
of recent years and consists of Aowing glass on to o bath of molten tin w
emsure a perfect under surface, the heat applied above producing a similar
effect on the upper face. Ordinary sheet ghis is alwo now made by a con-
tmuous process in which the molien ‘metal’ is deawn vernically from the
melting pot between powered rollers.



10 Textiles

ONE of Man's earliest manufacturing technigues was the making of cloth by
the spinning and weaving of animal and plant fibres, Before large-stale
mechanised industrialisation began in Briwin, the making of textiles was
widely dispersed throughout the country and was of very great importance
in the national economy. Wool, and later vatious woollen ¢loths, formed
the largest export commodities from the medicval period through to the
middle of the eighteenth century. International specialisations grew up
between different production areas in Euope, and the fact that English wool
was considered to be of the highest quality led merchants, particularly
Flemish and Ttalian, to come in scarch of it. English taxation on wool exports
led to a change in the trade as dyers and finishers abroad realised they could
circurnivent the tax by buying white undyed broadcloth instead of the wool
iself. Broadcloth exports from the West of England rose dramatically, as
did the lighter fabrics produced in East Anglia, though to a lesser extent, as
they were not quite so popular. A large, rurally based cloth industry began to
develop in the West of England—in Somerset, Gloucestershire and Wile-
shire particularly—based on capitalist clothicrs who bought wool, gave it
out to hand-spinners and hand-weavers to convert into cloth, then carried
out the fulling themselves and finally senr the cloth, undyed and unfmished,
to Europe. In Yorkshire, which did not engage in the export market to such
a great extent, the structure of the industry was somewhar different, as the
clothiers, particularly m the Halifax area, were independent masters in their
own right, owning their spumng wheels and weaving looms, buying wool
and yarn and taking theie picces of cloth to the Cloth Hall every week for
sale to merchants whom they faced as owners of the cloth they sold. The
Cloth or Piece Halls of the West Riding became the symbols of an industry
where the structure of production was based on a lacge number of masters,
some of whom would be working in family units and others s employers
of labour on a very small scale.

Before the coming of factories, therefore, 3 proletariat was already
developing in many textile regions. Only in the West Riding of Yorkshire
did the sctual manuficturers have any degree of independence, though

a4z
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theirs was the independence of capital only. Elsewhere—in the West of
England, around Norwich, in the worsted area around Bradford, Yorkshire,

and in the Nottinghamshire stocking and lace manufacturing districts—the
man who organised production and who owned the capital in production
was the clothier or *putter-out’ of work, the cloth merchant or the hosier.
As most of the capital in the industry was in the raw material and goods
in various stages of processing. the merchant was able to control production
throughout its course. He owned the materials right through the sequence
of processes, paying spinners and weavers for their libour and often renting
out the equipment, sometimes to many hundreds of dependent families, The
structure of ownership which was later 1o characterise the factory system,
therefore, already existed in several regions of the country in the days of
the cottage-based industry, long before the development of modern machine
processcs.

In order to appreciate the significance of later innovations 1t is important
to look ar the processes through which textile fibres went during their
conversion from raw material to finished cloth. The stages were sub-
stantially the same for all textiles; although here reference will be made
mostly 1o wool, which was dominant before ndustrialisation. As will be
scen later, a development in one branch of the textile industry often had
very direct relevance to another, so that from the middle of the eighteenth
century onwards the progress of the wool, cotton and 10 a certain extent
flax (for linen) industry went hand in hand.

Wool textiles may be divided into woollens and worsteds, Woollens use
shore fibre or short staple woal, and worsteds longer staple. In both cases
the woal is first washed and cleaned to remove natural grease and dirt, after
whicl there are different techniques for the two fabries. For woollen tex-
tiles the raw wool is 'crded’ 1o lay the tangled Bbres into roughly pasallel
strands 30 that they can be more easily drawn for spinning, Before the
exghteenth century carding was done by hand using two oblong boards,
cach of which had on one of its sides projecting wires or nails. At first the
heads of teasels were used bur these were soon to be replaced by brass wire,
though the term “teasing” remained. (The demands of carding i the seven-
teenth century were, in fact. a grea stimulus to the wire-making mdusery.)
Washed raw wool was placed on the teeth of ane carding board, and the
other was repeatedly drawn over it in one direction, to disentangle the
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fibres. To get the wool off the cards, one board was turned round and
again passed over the other; the teeth being set at an angle, this seripped the
wool off the card. Many examples of hand cards survive and may be scen
in, for example, Dumfries Burgh Museum; Bankficld Museum, Halifax;
and the Museum & Art Gallery, Peel Park, Salford.

Wool used for worsted cloth required rather mote thorough treatment,
for the fibres had not only to be laid parallel to each other but also unwanted
short staple wool had to be removed. This process was called combing. Two
hand combs with tapered wooden teeth were used. A small quantity of
wiool was placed in the teeth of one of the combs, which was held firmly in
a bracket while the other was drawn over it, pulling more and more wool
out and collecting the longer fibres in its tecth. When most of the wool
had become caught in the hand-held comb, the two were changed over
and the process repeated. After combing, the long fibres were collected and
joined into lang slivers known as "tops’, which were sent for spinning. The
cemaining short staple fibres, called ‘noils’, were sold for woollens. When
spun, combed wool produced a smooth fine worsted yam, much harder
than ordinary woallen yams. Combing presented considerable difficulties
for mechanisation and was the last section of the wool textile industry o be
hand-worked, remaining so until after 1850, Hand combs may be seen in
the Art Gallery & Muscum, Cliffe Castle, Keighley, and the Bridewell
Museum, Norwich,

After carding or combing, both woollens and worsteds were spun and,
although different techniques of manipulanng the fibres were employed,
both involved the came equipment and went through the same proceses.
Spinning twists the fibres around each other and draws them together
form a yarn suitable for weaving into cloth. The most primitive technique
was to use 4 spindle and distaff, in which the distaff or stick carrying the
wool was held under one arm, often supported by a leather belt around the
waist of the spinster. Strands of wool were pulled from the distaff and
attached to the spindle, a small stick with a weight at one end. The spindle
was suspended from the wool, given a twist with the finger to set it spin-
ning, and the wool paid out slowly. When a length of yarn had been pro-
duced, it was wound round the spindle, the end caught in a notch o prevent
it unwinding when suspended, and the process repeated.

The spinning wheel, which probably originated in the Far East, was a
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great improvement over the spindle and distaff and may be regarded as the
first example of ‘mechanisastion’ applied o the rextile industry. In it the
spindle was mounted horizontally in bearings and connected to a large
Hywheel by a dniving band. This produced more consistent rotation of the
spindle and speeded up the spinning process considerably. Ar first the large
wheel was turned by hand, but later a treadle, connecting rod and crank on
the wheelshaft were used—probably the first use of the common crank for
developing rotary motion at least two centuries before Pickard and Wart
‘rediscovered” i for the rotative steam engine. In the carly type of spinning
wheel known as the ‘big wheel' or 'Jessey wheel’ a piece of unspun wool
was attached to the spindle and the large whee! rumned by hand. The other
hand holding the wool was pulled back slowly from the spindle paying out
at a steady rate strands which were spun into yam. When a length had been
spun, the wheel was turned again to wind the yamn on to the body of the
spindle. The process was then repeated.

Later a tiew type of spinning wheel, the Saxony wheel mvented in 1553,
largely supplanted the big wheel; it was an improvement as it both spun
the yam and wound it in at the same time, making the whole operation
continuous. It was used for the spinning, usually of long fibres, until the late
cighteenth century, The main section of the Saxony wheel was the U-
shaped fiyer that was attached to the spindle. The bobbin ran loose on the
spindle shaft and was drven by a separate band from the Aywheel. Thus
yarn was spun continuously on the spindle and fed from the arms of the
flyer to the bobbin rotating at a different speed. With all these methods of
spinning, however, there was inconsistency of quality, as the results depended
on the skill of the individual spmster, who had 1o pay our the right amount
of wool to mamtain an even thickness of yarn, As most of the women in a
household learned to spin, this often meant that different qualities of yamn
might be found even on the same spindle. This was an inconvenience to the
weaver and an important incentive towards devising 3 machine that would
produce consistent yarn. Spuming wheels are perhaps the most comnion
evidence of pre-industrial textile manufacture to be found in nuseums today,
In the Textile Machinery Museum, Tong Moor Road, Balton, both Jersey
and Saxony wheels are exlubited, and the Homer collection in the Ulster
Museum, Belfast, contains spinning wheels from a number of countries.

Once a suitable yarn had been spun, the nexr process was to weave it into
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a cloth fabric an a loom. The traditional hand lopm consisted of a frame
carrying the longitudinal or ‘warp’ threads, which could be separated to
allow the transverse ‘weft' threads to pass alternately over and under them.
This simplest form of interlacing of warp and weft is known as plain weave
and was for centuries carried out on simple hand looms, The main obstacle
to speeding up the process of weaving was the problem of moving the
shuttle containng the weft yarn wound on a bobbin across the loom between
the alternate warp yams The answer, when it came in the form of the
flying shutele’, was one of the crucial inventions of the textile industry;
it was remarkably simple in principle, cost very lintle and led to an enormous
increase in hand-loom weaving, an increase which was to have rragic
repercussions in the 18205, With the exception of the stocking frame, which
produced a knitted as opposed to 3 woven fabrie, and which will be con-
sidered larer, it was to be the fisst move in the sequence of events leading
to the fully mechanised textile industry.

From the industrial archacological pone of view the chicf features to
examine are the texnle machines themselves, the priu‘.tt: movers that drove
them and the buildings that housed machines and warkers. OF the textile
machings a reasonably representative range has been proserved in museums,
mamly in Lancashire and Yorkshire, but the prime movers—the water-
wheels and steam engmes that powered those machines—are somewhat
harder to find. The technology of these sources of power has been con-
sidered in Chaprers 3 and 4, bur there were variants specific to the textile
industry, such as the steam mill engine, which are worthy of additional
passing reference. It 15 in the buildings, however, particularly those danng
from the muddle of the eighteenth century onwards, that the most prolific
archacological evidence of the industry lies. Indeed, of all the landscape
changes brought about by the Industrial Revolution, the textile mill build-
ing is one of the most prominent. The evolution of the textile mull, almost
from its carliest days, can be traced through surviving examples, in some of
which were incorporated important innovanens in constructional technique.
In examining the industrial archacology of textile manufacturing we will
look first at the development of the machine itself and then ar the buildings
and power sources.

As we have seen, the bordeneck i the hand-weaving process was the
speed at which the weft threads could be passed through the warp. The
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answer was found by John Kay (1704—<17%0) who was born at Park near
Bury in Lancashire. He was apprenticed mto the weaving nuchinery trade
and spent the whole of his working life involved with textile equipment.
His "fly" or ‘flying shunle’ of 1733 (Patent No $42) consisted of boxes to
hold the shuttle ar each side of the loom comnected by a long board, or
‘shurtle rce’, along which the shutte ran. Each box had a honzontal metal
rod, and on cach rod was a freely moving slide known as a "picker’. Each
picker was connected by a sring ried to a sick or 'picking peg’ held by the
weaver, By jerking the picking peg from side to side, the weaver could
throw the shurde from one shurtle box 1o the other. Kay hirted wheels or
rollers to some of his shuttles but later these were discarded and the term
Hying shuttle’ was wed, The operation of weaving became not only Jess
tedious but output was often doubled.

There were a number of minor technical difficolues that slowed down the
adoption of Kay's flymg shuctle, an minal disbelief in its workability and
considerable unwillingness by many weavers to pay the 1§s per year which
he charged for the use of his invention, However, it was widely taken up
eventually, and had the effect of speeding up weaving and thereby sub-
stantially increasing the imbalance berween the weaving and spinming
processes. Even before his mventon, four or five spinsters had been needed
to supply one weaver, and the flying shuttle will further increased the
mcentive to devise a machine that would spin more than one or two threads
ata ame. Numerous hand looms, with and without flying shuttles, may be
found in museums specialising i texule machinery, ncloding the Bankfield
Museum, Halifax, where they are demonstrated from time to time.

The first attempts ar the mechanisation of spinning were made by  Lewis
Paul (d1759) and John Wyate (1700-66) and patented in 1738, Their first
machine, involving pairs of rollers to draw out the fibres, was unsuceessful,
as were 3 number of vanations on it Fmduc:d m succeedmg vears, although
the roller drawing principle was eventually used with great success, An
experimental mill was built in Birminghami about 1741 and another in
Northampton, but neither appeans to have been very successful, A skein of
yarn produced on a Paul & Wyatt machine is, however, preserved i
Birmingham Muscum & Art Gallery, and the Avery Historical Museum at
Soho Foundry, Birmingham 4o, besides its collection of wool scales and
weights, has some documentary mformanon on the two mventors.
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It was not until the 1760s that James Hargreaves (¢1719-78), a weaver of
Stanhill near Blackbum, where his cottage still survives (05/SD 728277),
developed a successtul mechanism for spinning cotton on multiple spindles—
initially ;_-tgh: and later sixteen. This was the SPINMINg jenny, 3 hand-operared
machine that firred well into the domestically based spimning industry, The
term ‘jenny’ is a simple corruption of the word 'rligi-lh:'. as is the ‘gm’ used
in 'horse-gin’, a term used 10 mining and for the machime that removed sceds
from raw cotton. In the jenny a hand-dnven wheel powered a number of
spindlcs. atid a clasp drew out the spun yam from each of them at the sme
time. Having completed the drawing out, the clasp moved forward and
the spun yarm was wound on o the ‘cop’, which, when tull, became a
cylindrical package of yarn with conical ends. The jermy (Plare 45) was, n
effect, a mechanised Jersey wheel, as the spinning process was not continuous;
but because of the larger number of spindles which it employed, output was
very considerable; Jennies 1o be seen in most museums are of the improved
variety, with a large number of spindlis, but Higher Mill, Helmshore, in
Lancashire (9$/SD 777214), where a rextle machinery museum is being
established, has s jenny built a few years ago to the \P(,‘Ciﬁ{".‘l[iﬂﬂ mn H.1rgrca1.'r5'

45 Multiplespindle spinning jeany in Bolton Textile Machinery Muscum
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ongmmal patent. A wisitor to Higher Mill can see this and other equipment
demonstrated.

There was considerable antagonism in Lancashire towards Hargreaves as
a result of his mvention, so he moved to Nottingham, where demand for
cotton yarn for knitting in the stocking-frame was growing. Here he
established a mill and in 1770, several years after his invention of the jenny,
he finally took out a patent for it. The fact thar Richard (later Sir Richard)
Arkwnight (1732-92) had patented a new device for spmming in 1769 may
well have prompred ths sction by Hargreaves. Certamly Arkwright's
" machine proved much more suitable than the jenny for producing the fine
cotton threads necded in knitting. Yet in Lancashire jennies became mare and
more popular for the weft yamn of corron-linen woven fabrics and for all-
cotton goods. In the woallen industry, too, the jenny was found to be an
efficient means of spinning soft full yams. Equally as important was the
fact that it was cheap and could be used by cottage spinners and small
manufacturers alike.

Richard Arkwright was bom in Preston, Lancashire, apprenticed to a
barber and subsequently set up in business on his own as a barber and wig-
maker. He became mterested in mechanismis and the problems of a satis-
factory spinning machine and, in association with a clockmaker in Leigh
named John Kay (not associated with the flying shuetle inventor), Ark-
wright produced a prototype roller spinning machine for cotton. As with
Hargreaves, hostility wo Arkwright arose from those people already i the
spinning indusery who saw the machine as a threat to their livelihoods, so
he too went to Nottingham and set up a business providing yam for the
knitting industry. He found a partner in a successful and well established
hosiery manufacturer named [ededah Scrut, and they estabhshed a small
factory with a number of spinming machines driven by horse power. The
yams produced were most staisfactory for the hosiery industry, so in 1771
Arkwright moved to Cromford on the River Derwent in Derybshire and
there set up a larger mill driven by water power. As a resulr of the use of this
source of power, Arkwright's roller-spinning device became known as the
water frame. On it was based the enormous development of factory spin-
ning and the further fortunes of its inventor, who built numerous other
mills, was knighted and became High Shenff of Derbyshire. Of all the
pioneer inventors in textiles during the eighteenth century, Arkwright had
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46 Spinning muile developed by Samuel Crompton. Bolton Textile Machinery
Museum

the least propmious beginning and derived the greatest benefits. He can
really be described as the father of the tactory ystem, an oumtanding
organiser of libour and machinery procssing, ambitious, forceful and
persevering,

A sall more important advance in eighreenth—cenmury spinning technology
was still to come, however. This was the mvention of the spinning mule
(Plate 46) in 1779, in cffect a combination of the jenny and the water frame,
hence the pame ‘mule’. I inventor Samuel Crompron (1753-1827) was
borm near Balton, Lancashire, and b-l.‘g.‘ll‘l spinming on a jenny as a boy, His
mule (Fig 27) was a grear advance on cither of the machines from which it
derived—if in fact Crompton had any deeiled knowledge of Arkwright's
invention—and was particulurly suitable for making fine yams for mushin.
The first mules had about thirty spindles but soon 130 were common. By
moving the driving wheel to the centre, it was possible 1o operate still
fonger mules, and yo0 spmdle machines were built. Later machines carried
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Fig 27 Mule spinming (from The Circle of the Seiences, Vol 11, og)

more than 1Looo In 1792 water power was apphied at New Lanark Mills
{Plite 47) in Scotland (61/NS 880425) for the first time to drive mules and
this established large—scale factory mule spinning, Crompton's howse near
Bolton, 'Halli'-th"Wood' (101/SD 724116), sull stands and is now a

museum of the Crompron !:'Hlili}'. The Textle M:ll:]'lmcry Muscum

47 Robert Owen's model town of New Lanark
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Tong Moor Road, Bolton, includes water frames, Crompton’s mule and
other early textile machines. Mules may also be seen at Higher Mill, Helm-
shore, where there is an original Arkwright water frame from his Cromford
mill. A pre-industrial water-powered textile mill in regular operation and
open to visitors is the Esgair Moel Mill from Llantwrtyd, Brecknockshire,
re-crected at the Welsh Folk Muscum, St Fagans (154/ST 118772), in 1951,
Here too may be seen a spinning mule, with cighty spindles, together with
three hand looms and all the other equipment to convert raw wool into
dyed and finished fabric.

Throughout this period of rapid development on the spinning side of the
textile industry the hand loom for weaving fabric had remained virmually
static, although there was a progressive increase in the use of the flying shuttle.
There had been powered looms since the sixteenth cenrury for weaving sitk
ribbons, but the general opinion among fabric weavers was that the hand
loom invalved too many mdependent actions requiring timing and skill to
mechanise. The first breakthrough came m 1784 with the invention by
Dr Edimund Cartwright (1743-1823), a Leicestershire rector, of a loom
which could be powered, although he had never at the time scen a person
weave! Cartwright's loom was by no means sophisticated, all its actions
being rapid and harsh, particularly that of the shurtle, which was propelled
by a powerful spring. Its main contribution was to prove the feasibility of
powered looms, and other inventors were stimulated into carrying out
further expeniments. Cartwright looms of a more highly developed type
were in use in Doncaster and Manchester in the 17008, while in Scotland
numerous mventors, including Robert Miller and ], L. Roberson of
Glasgow, made improvements. The most significant improvement, how-
ever, was devised by William Horrocks of Stockport, who in 1813 intro-
duced a means of varying the speed of separation of the warp threads so as
to increase the period for the shuttle 1o pass through,

Between 1813 and 1820 the number of power looms in Britain increased
from 2,400 to 14,130, but even then the bulk of woven cloth was still
being produced by hand-loom weavers. The largest spinning mills employed
1,300 people, and almost all the preparatory processes, like carding, had been
mechanised for wool and worsted, cotton, silk and fax. By 1820 there were
110,000 workers in spinning mills, but only 10,000 in weaving factories, and
some of them were working traditional hand looms in factory buildings, As
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Fig 28 Cm:ll.ng.—cngm: for cotton {fmm The Cirde of the Saemees, Vol 1L, 6o7)

power looms began to be improved mechanically, their numbers increased
mpidl}', so that the 2,000 looms per year mstalled between 1813 and 1820
had become 10,000 a year by the 1830s. Meanwhile the hand-loom weavers
sank from being among the most prosperous workers in the country to same
of the most poverty-stricken. The weavers' skills were no longer required,
as i the factories the simple work of mending thread breakages and re-
plenishing shuttles could be carried out by women and children. In the
18108, first in the Midlands and subsequently in Lancashire and Yorkshire,
the machine-smashing Luddites responded to these conditions, made all the
more appalling by the general depression after the Napoleonic wars.,

In other branclics of the texrile trade mechanisation took place during the
late eighteenth and early nincteenth centuries also. At the preliminary pro-
processing end, carding machines (Fig 28) were developed by a number of
inventors; most worked on the roller principle, m which a large cylinder
with wire reeth took the fibres round under a serics of smaller *worker’
rollers running at a different specd, and they did the carding. Although these
eatly carding machines were developed for cortan (Fig 29), it was nor long
before they were applied also to wool, where they were called ‘seribblers’.
Pattern weaving was dlso greatly improved after abour 1800, with the
introduction of the Jacquard attachment in which individual warp threads
were lifted by a mechanism mounted above the loom and controlled by
punched cards. The type of pattern depended on the "programme’ punched
into the continuous strip of cards.
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Fig 20 Garding, drawing and roving (from The Circle of the Sciences, Vol 11, o)

In the hosiery m.mut'.xc':lmng industry, in which stockmps were knitted
by the looping together of threads to form an elastic fabric, the basic machine.
the knitting-frame, had been developed as carly as the 14908 by the Rev
William Lee of Calverton near Nottingham, It was ane of the most Ingenious
mventions in the textile industry and formed the basis for the carly mse of
the East Midlands as o hosiery area, The problem was one of looping threads
nto each other using a hooked needle, and the answer lay in developing a
way of opening and closing the hook automarically to allow the loop to be
made and the needle to be disengaged and then withdrawn withour re-
engagement. The crux of Lee's invention lay in 3 hook which was normally
open but could be closed by pressure. By filing a ot in the shank of the
needle, the paine of the hook could sink into it upon closure and thus avaoid
any accidental catching of the loop. This i the bearded needle widely used
in knitting machines roday. A further development came with the mechani-
wition of rib kniting i 1758 by Jedediah Strutt. Rib-knitted hosicry was
more closely fttng than plain-knitted but ar the same time more clastic.
Strurt’s mvention consisted of an additional set of needles added 1o the con-
ventional stocking-frame which, operated in comjunction with the usual
necdles, had the effect of reversing the loop and producing a rib effect. A
more fundamental development came i 1775 when the firse warp knitting-
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machine was introduced. Previously loops had been formed in threads nin-
ning across the width of the fabric (weft knitting), bur the new machine,
attributed to both ). Crane and J. Tarrett of Nottinghamshire, produced a
knitted fabric which could be cut up and sewn into garments. By the 18505
rib knitting was being produced on powered circitlar machines, thus pro-
ducing a tubular fabric for stockings, and about the same time M. Townsend
of Nottingham patented the ‘tumbler’ or *lasch” needle, which was to be
fundamental to the further progress of the kniring industry. Generally
similar in appearance to the bearded needle, the latch needle had 2 hinged
attachment to open and close the hook. All these and many more aspects
of the technology of knitting can be seen in the large collection of machines
held by Leicestershire Museums and on display at the Newarke Houses
Museum, Mewarke, Leicester.

Similarly the lace industry, so important in and sround Nottingham, i
well represented by machines on display at Nottingham Industrial Museum,
Wollaton Hall, Nottingham. The basie step in the mechanisation of lace
making had been made by John Heathcoat (1783-1861) in 1809, when he
developed a machine (the bobbinet, later known as the plain net machine)
capable of imitatng almost exactly the hand-made pillow lace. He used a
flat bobbin, resembling a dise, which could pass between the vertical warp
threads and thus entwine the weft thread around them, In 1813 hiy machine
was improved by John Lever, who adapted it to make patterned lace, using,
if necessary, the Jacquard principle.

One major aspect of fabric production that has sall to be considered is the
finishing of the woven cloth. One of these finishing processes had been
mechanised as carly as the thirteenth century, when water-powered ‘fulling”
mills had replaced mamual fulling of wool cloth. The process conssted of
pounding the woven fabric in water with fuller’s carth to felt it ap and shrink
it. It was relatively simple to devise water-powered hammers o carry out
this work, cams on a shaft raising the heads in much the same manner as the
tilt hammers used for ironworking. The effects on locavon of the mdustry
were similar, too, resulting in an essentially urban-based craft moving out
and dispersing to the fast-lowing streanss of north Somerset, central
Gloucestershire and west Wiltshire in the South West, and from towns like
Beverley and York to the Pennine streams of the West Riding of Yorkshire.
A number of fulling mills still survive and at Higher Mill, Helmshore
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and accommodation for a number of employees, What was perhaps of more
immediate importance was that his enterprise attracted the attention of the
wealthy London silk merchant Thomas (later Sir Thomas) Lombe (1685—
1739), and his half-brother John Lombe (16932-1722), who worked for a
time in Cotchett's Mill. Some years later, possibly after a visit to the highly
advanced silk spinning arcas of Italy, the Lombes built a much bigger factory
in Derby near Cotchett's onginal building.

Here the three basic operations of converting the silk filament from the
cocoon of the silkworm into a yam suitable for weaving were carried on.
The first stages, carried out before the silk arrived ar the factory, consisted of
unwinding the filament from the cocoon and rewinding it with others to
form a skein. This skein was washed o remove the gummy marter known
as sericin and was then ready for processing in Lombe’s factory. Here it was
wound on 1o bobbins on a winding machine; transferred to a second machine
where the strands from several bobbins were wound on to a single bobbin, a
process known as “doubling’; and finally twisted together into 2 yam on a
third machine, a process known as “throwing”. If the yam was to be used for
the weft in weaving, only a slight rwist was put into it, bur if for the warp,
a stronger twist was applied. The weft vamn was called the “ram” and the
warp the "organzine’.

The Lombes' factory in Derby was of unprecedented size, the throwing
mill alone being five storeys high and r1oft long and accommodating over
300 workers. These were mainly women and children who reknotted the
threads when they broke, a very frequent occurrence. A single large water-
wheel operated over 25,000 movements in the machinery, The building
established the form the textile mull was ro rake until well into the twentieth
century, the name "mill" itself deriving from the fact that all the carly ones
were water-powered. It remained in active use for silk until 1800, when part
collapsed, and after a disastrous fire in 1910 the building was substantially
aleered. Today the onginal approach bridge and pare of the tower survive,
together with foundations in the nver bank. The wrought-iron gares, dating
from 1723, were ressited in 1934 near the Borough Library in Wardwick,
Derby.

Whg}' the industry became established in Decby 15 difficulr vo explain. The
main centre, m:i:upicd largely b}r rcfugm Huguenot weavers, was in the
Spitalfields area (Plate 49) of London where, in and around Fournier Street



49 Silk weavers' garrets in
Spitalficlds, London

(160/TQ 338818), a considerable mumber of their houses with attic work-
shops still survive, The rise of the MNottingham framewark knittimg mdustry
i% the most likely reason for Corchetr and the Lombes coming to the East
Midlands, and Derby may well have been chosen because of the power
affarded by the waters of the Derwent. The Trent iself and tributarics like
the Leen and Erewash would Lave been quite unsuitable, From Derby the
silk mdusery spread to other contres after the expiration of the Lombe patent
in 1732, and factories were established mitially in Macclesfield, Stockpart
attel Chesterficld, and lager in Manchester, Salford, and Brainitree in Essex
where George Courtauld and his son Samuel founded the firm which is
now world famous for man-made fibres.

In the first half of the cighteenth century, however. the silk industry's
growth rate was relatively slow and, despite the fact that factories had been
established, it played no part in the birge-scale industrial peagress in textiles
that came later with cotton and woal, The reasons for this were the shorrage
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of raw silk supplies, which were also expensive, and the competition from
continental and eastern silks abroad, which destroyed the chance of ap-
preciable export markets. The cotton industry on the other hand enjoyed
unlimited supplies of raw material and, once the planttion system had
developed fully in the American South, supplies that fell in prce. Cotron
fabric, an auracuve and cheap alternative w wool, was able to pencrrate the
enormous and growmyg home market and ar the same ame, as a result of the
fall in costs and prices as a result of wchnological inmovations in the industry,
to enjoy an almost unlimited export market, Cotton was also a tractable
fibre lending itself to machine processes more readily than wool, Finally the
cotton industry, for reasons which we shall examme shortly, had the good
fortune to establish itself in Lancashire, which was not a traditional texiile
area and had none of the built-in restrictive practices to be found dsewhere,
Thus it was cotton which stood m the forefront of mdustrial progress i the
textile industry despite the fact that what nughe be called dhe first generation
of true factorics were for spinning silk.
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THE DEVELOVPMENT OF THE FACTORY BUILTHNG

The early silk mills and Arkwright's fist cotton nuills ar Cromfoed were
charactenised by the fact that they contained novel machinery m buildings
of essentially tradivonal construcuon. All the ingenious devices developed
to convert fibre into cloth were of 2 size suiable for arrangement in rows
watched over by relatively unskilled operatives. Evenrually all could be
powered from a rotating shaft that had at 15 mpur end a horse-gin in a
few carly examples, but more often a large waterwheel, and increasmgly
after about 1800 4 rotative steam engine. The requirements of the factory
were therefore large numbers of identical spaces, with reasonable natural
lighting, arranged in such a way that power could casily be distributed to the
machmes. The outcome was a new form of building, taking the traditonal
constructional techmques of brick or stone load-bearing walls and timber
beam-and-plank floors as its basts. Typically it was long and thin in plan,
rarely mote than goft deep, nsing to four to six storeys; and with the line-
shafting to carry power to the machines areanged parallel to the long axis
and supported at or near cetling height. This was basically the form the
Lombes’ mill had taken in 1721, and it was to survive virally unaltered
for two centuries.

Numerous fine examples of carly textile mills still exist, although un-
fortanately Arkwright's Old Mill ar Cromford (111/SK 208469), completed
in 1772, has been so substansially altered, with the loss of twa storevs,
that it is almost unrecognisable. Masson Mill (111/SK 204573), however,
buile in 1783, 15 largely intace, the red-painted walls and white window
sutrounds a familiar feature on the A6(T) north of Cromford (Plate s1).
Arkwright was associated with 3 number of other mills which, like those
at Cromford, were located on streams that could provide power. At Cress-
brook (113{SK 173728) the remains of hus 1779 mill can be scen at the west
end of the existing 1875 building, the latter 2 superb four=storey structure
buile by William Newton (Plate 52), one of the finest examples of the
adoption of an enlarged domestic style for mills. It has twelve bays with a
centrally placed four-bay pediment. hipped roof and » cupola that once
lield a bell to summon the workers.

An even finer example of this Georgian style may be seen in a number of
silk mills in Macclasfield, notably Frost's Mill (110/S) 918737) in the centre
of the town (Plate 53) and the former silk mill on Chester Road, now the
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st Arkwright's Masson Mill, Cromford, Derbyshire
card factory of Henry and Leigh Slater (110/8] 909737). This latter bunlding
epitomises the large eighteenth~century mill—a rectangular and disciplined
brick box for machinery obeying to the letter the architectural tules of the
day, The Macclesfield card factory has four storeys and seventeen bays,
the centre five brought forward and supporting a pediment with central
elock, cupola and wind vane. In Hampshire the same style on 2 much smaller
scale can be seen in the beautiful red brick Wiechurch dlk mill (168/SU
464481), while in Cheshire, Quarry Bank Mill, Styal (ro1/S] 834830), buile
in 1784 by Samuel Greg of Belfast on a more complicated plan, has the same
graceful rhythm. A number of features typical of most of these carly mlls
are worthy of examination. Firstly the windows, which have small panes and
are usually of the sash type, often have cast-iron frames. Generally speaking



52 Cresbrook Mill, Derbyshire, 3 cotton mill of 1815 with later weaving sheds in
front

the smaller window panes are the catlier, good examples being found ar
Calver Mill, Derbyshire (111/SK 245744), and Low Mill, Caton, in
Lancashure [89/5D 527640). In the lateer case the mill was built ariginally
in 1784 and rebuile after a fire in 1838, probably with the oniginal windows.
Tie irons of a disc or cruciform shape also are frequent. and in many cases
appear to date from the construction of the building. These wall plates are
tied by wrought-iron rods that pass right through the building and hold it
together.

hiidu, the loors consist of timber beams and boards somermes mpparmi
by vertical umber pillars but more often by cast-iron ones of circular or
cruciform section. The position of original line-shafting, if it has gone, can
usually be traced from the positions of brackets or bracket-fixing holes either
m the columms or on the ceiling beams. Occasionally the column irself i
forked or has a bracket fixing cast on to it to support the bearing or *plummer’

§3 Frost's Mill, Macclesfield, Cheshire, like 3 number of other sitk muills in the town,

epitomises the rramlation of the Georgian domestic vernacular into the new textile
bactotics

202
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block. The position and size of watercourses are also worth noting, as they
given an imdication of the rype of waterwheel used. In carly mills the wheel
was often centrally placed in the building with a vertical timber dhaft raking
the drive from the pit wheel up through the building to engage the horizon-
tal lineshafs on each floor. Later, iron shafts and gearing were used. In
smaller mills the watcrwheel might be outside the building altogether,
either completely exposed or housed in 3 small lean—to.

Although the general form of the multi-storey textile mill had been
established at the beginning of the cighteenth century, a fundamental change
m its rechmique of construction evolved in the 1780s and 1790s as a result of
what we might now call a cesearch programme. Arkwright’s major parmer
in his Cromford venture was Jedediah Strutr, who had substantial silk
interests in Derby and, after the dissolving of the parmership in 1781, rook
over completely the mills at Belper and Milford. These were greatly extended
during the 17908 by Jedediah's son William Strute (1756-1830), who
systemarically set about finding an answer to the problem of fire i these
umber-floored buildings. Fires were frequent and usvally disastrous, the
complete destruction 16 1791 of the enormous Albion four mill in London
providing the final incentive towards devising a solution. The first stage
was reached in Strutt’s calico mill in Derby, 1792-3, in which the Hoors
were made of shallow brick arches of oft span sprnging from timber
beams supported on cast-iron columns. The underside of the timber was
coated with plaster to ensure that ne surface that might catch fire would be
exposed. Strutr produced more advanced versions at Milford in 17923
and Belper in t793-5, but it was in fact a friend, Charles Bage, who took
the next step by replacing the timber beam with a cast-iron one, so pro-
ducing the world's first iron-framed building, a fax mill in Shrewsbury
(v18/5] s00140). Although all Strutt’s early buildings have now gone, the
Marshall, Benyon & Bage flax mill, now used as a maltings, sill stands ae
Ditherington, Shrewsbury. The modern factory had arrived and, although
it was to be more than another §0 years before it became a completely
frame structure and the load-bearing exterior walls disappeared to be replaced
by curtain-wall cladding, the Shrewsbury flax mill must be regarded as one
of the pioncer srructures of the Industrial Revolution, Others quickly
followed and, although the immediate descendants have been destroyed,
Strut’s own response to the Bage building, his North Mill at Belper (111/



54 Anglo-Scotian Mills,
Beestan, Nottingham

SK 146480), completed in 1804, still survives as the most beaunful, sophisti-
cated and technically perfect structure of its era. Now owned by English
Sewing Cotton Led, the mill is still in use and likely ro remain so,

While these giant corton and flax mills were developmg so rapidly in
the early years of the nineteenth century, the wool rextile mdustry was
stirring, too, although less vialently. In the Stroud valleys of Gloucestershire
numerous mills, most of them relatively small, were being bulle in the warm
local stone, usually with intcriors of conventional timber construction.
Similarly in west Wiltshire and north Somerser water-powered wool
mills appeared in considerable numbers. An exception to all the others is
Sunley Mill ar Stonchouse near Swoud (156/SO 814043). which is of
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cast-iron and brick ‘fire-proof” comstruction. Built in 1813 to draw its
power from the River Frome, Stanley Mill provides a remarkable combina-
tion of the functional use of brick pancls and stone pilasters on it outside
with truceried iron arches supporting iron floor beams on tron columns. By
the 1820s the iron-framed textile mull had become well established, although
1t was not untl the 1860s or even later that the building of mills with timber
beams and floprs died out. One reason may have been the failure of 3 number
of cast-iron frame structures, such as the celebrated collapse of Lowerhouse
Mill, Oldham, in 1844, and another the appreciation that, although ron
itself was incaombustible, if a fire did occur in an iron-framed building, the
expansion of the members frequently resulted in the destruction of the shell
of the building roo.

It was to Lancashire that the cotton industry migrated in the late eightecnth
and carly nincteenth centurics, and there the factory continued to evolve.
Large numbers of these buildings sull survive, offering the induserial
archacologist an opportamity to examine mn detail their evolution. Initially
water, for power, washing and bleaching, was the major locational factor,
with the result that mills tended to be situated in remote valleys of the
Pennines where such site advantages ourweighed problems of commumi-
cation. With the inwoduction of steam power, however, new fictors
influenced location and the cotton industry becamie concentrated in towns
streeching from Stockport i Cheshire north t Preston. These new cotton
towns grew up on the Lancashire plam, sull enjoying the water necessary
for various fmishing and bleaching processes, but having casier accos to
Liverpool lor raw materials, to Manchester for marketing the fimshed
products, to coal, and by virtue of the concentration of large numbers of
wills to pools of skilled lsbour both for operating and maintaining the
machinery,

An important example of this first phase of steam-powered mills survives
in Orrell’s Mill, Travis Street, Heaton Mersey, Stockpore (101 |8) 867903),
built in the mid-r830s by Willan (later Sir Williatn) Fairhaien (1789-1874),
the celebrated Manchester engineer. The mill has six storeys and the main
spinning rooms arc 280ft long by soft wide. Cast-iron columms and beams
support the floars, Numerous less spectacular examples can be found in
most of the textile towns, simple in shape and design, with rectangular
windows regularly spaced and separated by almost their own width of
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brick wall.

From the 1860s onwards, and particularly after the widespread adoption
of the American ring-spinning frame, cotton mills became much larger and
wete rypically built of dark red brick with progressively mcreasing areas of
glazing. The introduction of sprinkler systems for fire control necessitated
high-level water tanks, which were at first simply placed on the roof of the
mill, as ar the 1851 Galgare silk mull ar Ellel (94/SD 48353557). By the late
t B70%, however, it was more common to enclose the tank within the structure
of a tower that frequently bore the name of the mill in white tile leteering.

The gradual recovery of the Lancashire cowton industry after the
devastaung effects of the Amencan Civil War led eventually to a new boom
in building, which, between sbout 1880 and 1920, brought the cotton mill
to its uliimate state of development. Enormous brick-built spinning mills,
often in shiny red Accrimgron brick with yellow brick detailing, great ex-
panses of glass and highly ornamental towers, were built in large numbers,
and they still dominate the skyline of most towns between Preston amil
Oldham. The demand ereated by large machinery for bigger and bigger
spaces with fower intermediate supports was satisfied by new constructional
techniques employing initially fabricated wroughe-iron beams and later,
as at Centenary Mill, Preston (04/SD 551297), built m 1893, rolled stecl
beams and concrete floors. Less load was carried by the external walls,
which in many cases becamo almost entirely glass, the brickwork being
reduced to litde more than mullions between large glazed panels. All-
concrete construction was dow to be adopted in Britain, although it rapidly
reached an advanced state of development abroad, notably m France
Concrete, however, was to bring the all-glass wall w the texnle mill, one
of the results of mushroom construction in which concrere pillars set well
in from the skin of the building supported the Hoors on the canulever
principle. A good example is the Viyella factory designed by F. A. Broadhead
on Castle Boulevard, Notungham (112/5K 570394).

In parallel ‘with the evolution of the mull’s shape and structure cme
‘important changes in power transmission. The earliest water-powered mills
had used timber millwork, mansmitting the power by wooden shafts and
gearing. In the latter part of the eighteenth century cast-iron shafting and
gears were introduced, to be superseded by lightweight wronghe-iron shafts
revolving at higher speeds which were developed first by Farbaimn in the
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late 18208, The greatest single advance came in the 1860s, when shaft drive
was dispensed with altogether and ropes driven from the flywheel of the
steam engine ran to cach floor of the mull (see Fig 30). The Aywheel face was
grooved to take as many as thirty cotton ropes, which ran up through the
rope race to drive the line-shafts at cach floar. Ropes were mechanically
efficient, cheap to install and mantain, and if a breakage occurred, the whole
mill did not have to suspend production, as it did when a fault arose in a
shaft-driven system. A specific type of engine evolved, o, in the steam mill
engine, which became widespread in both Lancashire and Yorkshire, Iv was
usually a horizontal compound with a variety of cylinder configuranons
(see Chapter 4 and Fig 14). A superb mill engine is preserved by the Northern
Mill Engine Society at Dee Mill, Shaw, near Rochdale (101/51) 945003).
Nearby is thar other typical featore of all large steam textile mills—the
poal, or mill “lodge’, in which condenser water was cooled and stored.

Although the spinning side of the textile industry produced a large and
very individual style of mull building, the weaving of yamns into fabric
resulted in an equally distncrive if Jess spectacular type of structure. Typically
weaving was carried on in a single storey building, although in earlier nulls
looms occupied the ground Aoors of muli=storey spinning blocks, A good
ﬂtnmple l:rfa. WCAVINE ;hcd _v.and; m Fant cf Cn:-sshrmk M.'I", I'}crb}'shire
(r13/SK 173728), its roof of ridge-and-furrow form, with glazed north-
lights on the steep-pitched faces and dates on the shallower sides. Wooden
roof trnnsses with cast-iron columng. were almost universal for weaving
sheds, the looms being arranged i lines berween the rows of colmmns on
which lineshafis were carried. North-cast Lancashire in particular abounds
in weaving sheds mainly built in the latter part of the nineteenth century,
when weaving became a speciality of towns like Nelson and Colne, Burnley,
Blackburn, Preston and Clitheroe. In many ways the weaving shed, with s
large ground floor arca and good all-over lighting, formed the basis for the
modem fctary building to be seen on every inter-war trading estate and
New Town.

On the east of the Pennines the early period of mill building, unril, say,
1830, was generally similar to that on the west, although stone was almost
universal as a building material. An carly exception was Gott's Mill, Leeds
(96/SE 291335), a large complex consisting of spinning mills and weavers’
dwellings which was unfortunarely demolished in the 1960s.
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Just as exceptional, although for completely different reasons, was another
Leeds mill, which happily sl exists: Marshall's flax mill (06/SE 295326),
completed in June 1840, 1s based on the Egyprian temple of Karnak. Designed
by Bonomi and David Roberts, the single-storey preparing and spinning
mill streeches 132yd along Marshall Street, and is 72yd in depth, The interior
room of the Temple Mill, as 1t became known, covers some 2 acres, and
slender cast-iron columns (which also act as dranpipes) support a ceiling
21ft high which has aver 6o conical glass skylights 14ft in diameter rising
above the roof. Along the fagade stand squat columns flanking the windows,
and supportmg a massive Egyptisnssque entablarure, and to the north,
set back slightly from the street line, is the office block added in 1843.
The onginal chimney, buile rather after the style of Cleopatra’s needle,
eracked in 1852 and was replaced by a conventional one. John Marshall
(r765-1846), who built the Temple Mill and was also mvolved m the
Shrewsbury flax mill of 1797, established his linen industry in Leeds in the
carly 1800s. The peak of its prosperity was exemplified by his Egyptian
adventure of the 18405 bur later, under a second generation, the bosiness
declined, to end finally in 1886, Temple Mill is now used by a mail order
tirm.

Two great complexes i Bradford epitomise the West Riding's position

55 The mill at Salraire, Titus Salt’s model village near Bradford, Yorkshire
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in the textile industry in the second half of the nineteenth century, although,
cuniously enough, neither was concerned specifically with wool ar the ourser.
Best known is Saltire, the planned village surrounding mills, created by
the model employer, social improver and philanthropist, Titus Sah (1803~
76). Salt was bom in Morley, near Bradford, and grew up in the worsted
industry in parmership with his father ar a time when the West Riding was
beginning to oustnp the traditional centre of worsted manufacture in
Norwich. His considerable business and inventive abilities enabled him 1o
st up on his own, and by 1836 he owned four mills, His success in spinning
the hbres of the South American Alpaca goar, previously regarded as
unusable, led to a great increase in business at a time when a wide variety of
differing warp and weft threads were being experimented with. By 1851
he had started a large new factory (Plate $35) on the River Aire ouside
Bradford around which he also built the new sertlement of Saltaire; wath
its neat rows of houses for employees. By the 1870s a church, hospital,
baths and schools had been added to form the complete model village which
survives, virtoally wmaltered, today, a stage in the progress from New
Lanark to Port Sunlight and Boumville.

The other major Bradford mill was built by Samuel C. Lister (181 5-1906)
at Manningham (96/SE 146348) and dates from 1873, Lister was an inventor
and improver of processes, taking our more than 150 patents during his
lifetime, Starting in the worsted industry, his major contributions included
processes for combing wool and urilising waste silk, and it was an the strength
of this latter technique that the great Manningham Mill complex developed
(Plates 56 and 57), Velver and plush were the main produces which resulted
from Lister's improvement of 2 Spanish loom for weaving pile cloth. The
mill ieself consists of two large six=storey blocks each capped by an orma-
mental and panelled parapet, and a series of lower buildings principally
devoted to weaving. In the centre iz the boiler house with a tall chimney



Il The Chemical Industries

Tue chemical industries present the industrial archacologist with even
greater problems than the engincering machinery discussed in Chapeer 7,
and for gencrally similar reasons. Not only are the processes of the industry
fairly complex bur the structures surviving from its past are often difficult
to identify in the field. The very wide range of processes and plant can best
be appreciated by reference o cadly textbooks on the subject like G. Marnin's
Induserial Chemistry (1925). The landscapes ereated by massive concenrrations
of chemical plant, in places like Widnes, for example, are among the most
unattractve imaginable and, for this reason, derelict buildings and old waste
tips of toxic materialy are among the first to be removed in the interests
of tidiness and public safety. An added difficulcy results from the facr that the
products of the chemical industry are rarely ends in themselves but are the
raw materals for other manufacturing processes. The industry™s evolution
has therefore been governed by the demands of other industrial activiries—
of textile manufacturers for bleaches and dyes, of glassmakers for soda
and of the fertiliser industry for sulphuric acid. To produce these chemicals,
the industry demanded a wide variety of organic and inorganic raw materialy,
ranging from seaweed for alkalis and exotic foreign hardwoods for leather
dyes 1o salt, copperas (derived trom iron pyrites) and alum. Coal, besides
providing the basis for rown gas, was also an important raw material for
many chemicals, although its main significance was as a fuel and as such an
important factor in the location of chemical processes depending on hear.
More recently oil has become an important, perhaps the most important,
chemical base, its use extending back a surprisingly long way. Scottish oil
shales were once the most important home source, but the vast quantitics
now used for fuel and chemical manufacturing purposes will nearly all
contnue to be imported untl North Sea o1l comes ashore in any quantity.
The varied nature of the chemical industry and i many products make
systematic classification and examination difficult. Organic and inorganic
raw materials were used, alkslis and acids were produced, and fumace
techniques involving fusing and vitrification, evaporation resulting in
crystallisanon, and distllation were its most importint processes. Two

273



a74 THE CHEMICAL INDUSTRIES

of the most industrially significant furnace processes of what is in essence
part of the chemical industry, the manufacrurer of pottery and of glass,
have already been considered in Chapter 9, o it is primanly with crystallisa-
tion and distillanion that we are concerned in this chapter.

SALT

Common salt, sodium chloride. has long been and sull 15 an important
raw material for many chemical products, although for centuries before the
Industrial Revolution its extraction, mainly by evaporation, was geared
to 1ts sale as an end product in its own night for direct human consumption
and for the preservation of fish and meat. Although solar evaporation
was used to a limited extent in medieval tmes, only ar Lymington m
Hampshire was the technique practised in relatively recent years: there
for abour 16 weeks in the summer seawater was concentrated into a brine
solution in evaporation ponds known as ‘salterns’ before beng boiled n
lead or brass pans to extract the crystalline salt. From September the brine
obtained during the summer was evaporated, using MNeweastle coal bronght
in by sea, an expensive process only made economic by the saving resultmg
from solar evaporation and the large nearby market of the Royal Navy at
Portsmouth, which needed salt for preserving beef and pork on board ship.
The Lymington salt industry reached its peak of production in the mid-
cighteenth century, when 50,000 tons a year were being produced, and
finally closed m 1865, The low banks that surrounded the evaporaton
pools can sill be seen on Keyhaven and Penmington marshes (180/5Z
115923). Similar circolar banks exist ar Crosscanonby, near Maryport
(B2/NY o66401). Saltworkers' cortages stood nearby ull recemly.

The other main areas of slt extraction from seawater were the Firth
of Forth, the Ayrshire coast around Saltcoars, and the estuary of the Tyne
and the nearby coastal areas of Northumberland and Durham, The availability
of cheap coal was a major locational factor, only the poorest qualivy slack,
which was not worth the cost of transport far from the pithead, being used.
It was often known as 'pancoal’. The process was carried out in heated pans
made initially of lead but later of iron in which the water was evaporated
uneil the salt crystallised, leaving behind a solation of calciun and mag-
nesium salts known as “bitterns’. In some areas, such as Lymington, the
bittemns formed a pmﬁnhlr by~product in the form of Epsom sales, 4-%
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tons being produced for every 100 tons of common salt. In Northumberland,
Seaton Sluice (78/NZ 336768) was developed as 2 coal and salt port in the
seventeenth century, and on the Firth of Forth east of Edinburgh the ancient
salt centre of Prestonpans (its name derives from the process carmied on there)
conunued seawater salr extracton down to o5

The discovery of rock sl in Cheshire about 1690 and on Teeside in
1863 provided the foundation for the modem British salt industry and the
chemical processes based on it. Initially salt from natural brine wells had
been evaporated in the Northwich and Middlewich areas of Cheshire,
and near Droiewich in Worcestershire. The “wich’ place name ending is a
strong, but not infallible, clue to the existence of a slt industry, The
extensive mining in Cheshire—the grear Marston Mine north of Northwich
(ro1/S] 6760) produced 110,000 tons n 1882—gave way to brine pumping,
i which water was circulated through boreholes sunk into the salt deposits
and brought back to the surface as a solution from which the sale could
be evaporated or, more recently, wsed m the chemical industry direct.
Evidence of the extensive subsidence caused by salt working can be seen
around Notthwich in the form of extensive pools or ‘faches’, and o the
cast of the town are brine wells (110/5] 7471). There is now only ane active
salt mine, at Winsford, South of Middlewich the mam Crewe 1o Manchester
railway line suffers constantly from the sinking of the ground surface above
salt workings. Some of the finest surviving structures of the salt industry
are in Winsford irself (110/S] 599997). They are the timber sheds used for
drying salt, and their construcnon, which 5 enarely of timber as metal
fittings would corrode in the sal-liden atmosphere, provide an interesting
example of the timber-framed tradition of domestic building carried through
into industrial structures. To the north of the town at Winnington (r10/5)
6474) 15 the plant sev up in 1873 by Ludwig Mond (1830-1909) and John
Branner (1842~1019) to produce synthetic soda by the Belgian Solvay or
ammaonia process, This largely replaced the Leblanc process discussed below,
Brunner, Mond & Co Ltd became one of the four largest chemical manu-
facturers in Britain, and in 1926 amalgamated with the other three—The
United Alkali Co, the British Dyestuffs Corporation and Nobel Indugtries—
to forms lmpenal Chemical Industries. Winnington is the headquarters of
the ICI Alkali Division and is well placed for supply of its basic raw materials
of salt, limestone and coking coal.
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SOAP

The growth of the wool and later cotton textile industries created new
demands for soaps, bleaches, dyes and the mordants which fixed them:
The two main types of soap used for cleaning fleeces and cloth were mixtures
of fats or oils with mild alkalis, hard soap employing the alkali sodium
carbonate (soda) and soft soap the alkali potassium carbonate (porash).
These materials were boiled together for long periods to emulsify the
ingredients, 5o a fuel, usually coal, was an additional resquirement. From the
thirteenth century onwards Brstol became an important soap-making
centre based on the coincidence of local coal supplies and the grear wool-
producing areas of Gloucestershire, Somerset and Wiltshire. So important
was the industry that the medieval writer Richard of Devizes wrote: “At
Bristol there 15 no one who 13 not, or has not been; a soap maker. Today
the industry in Bristol is extinct, although its major mdustrial monument—
the exotie brick-built factory of Christopher Thomas & Brothers, makers
of Puritan soap, at Broad Plain in the centre of the ary (156/ST so7728)—
dates only from the 1880s. The building, now used for storage. is one of
the small collection of surviving structures which represent that curiously
Bristolian style of commercial architecture, sometimes known colloguially
as ' Bristol Byzantine’, of the 1870s and 1880s.

Before the soap industry could reach an industnal scale of production,
the problem of its raw materials had to be solved. Soda and potash were
abtainable from the ashes of wood and seaweed and bath were also increasing-
ly in demand from glassmakers, Salts of sodium being much more plentiful
in nature than those of potassium, and the most abundant of all being sodium
chloride, it was natural that the latver should be seen as a possible source of
soda for the soap industry; and the French chemist Nicholas Leblane (1742~
1806) in 1791 succeeded in developmg a workable process for converting
common salt mto soda. In the carliest Leblanc process the first stage was
the treatment of comman salt with sulphuric acid to form sodium sulphate
(saltcake) with the liberation into the atmosphere of hydrochloric acid gas,
and the second stage the heating of the saltcake with coal or coke and lime-
stone or chalk to produce erude sodium carbonate (ball soda) in solution and
calcium sulphide and coal ash as waste products. Waste heat from the furnaces
was used to evaporate the soda solution, producing ‘soda ash’ or anhydrous
sodium carbonate. The stages may be represented simply thus:
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1 Sodium chlonde+Sulphuric acid=Sodium bisulphate+
NaCl H,SD‘ NaHSOl
Hydrochlonc acid
HCI
2 Sodium chloride-+ Sodium bisulphate=Sodium sulphate+
NaCl NaH50, Na,S0,
Hydrochlosic acid
HCI

The first reaction begins at ordinary temperatures, but requires heat. The
end product, “saltcake’ is nielted with limestone or chalk and coal or coke:

3 Sodium sulphate+ Carbon = Sodium sulphide-+ Carbon dioxide

Na 50, 2C MNa 5 200,
4 Sodium sulphide +Calcium carbonate==Sodium carbonate+
Nags CaCOy Na,CO,
Calcium sulphide
Cas

From these later reactions some carbon monoxide is produced and of
course coal ash,

The first works in England to operate the Leblanc process was at Walker,
east of Newcastle-upon-Tyne, wsing salt from a brine spring struck in the
Walker Colliery, Various previous soda-making processes had been tried
at this works but in 1823 it had become solely a Leblanc soda factory.
In the same year the second works in the country was established, by James
Musprate (1821-71) in Liverpool. On both Merseyside and Tyneside the
industries thrived, and both areas became important for soap making. As
Leblanc soda making grew, however, there was a nsung nde of protest in
Widnes, St Helens, Jarrow, South Shiclds and other places against the
pollution resulting from the release of hydrochloric acid gas into the atmos-
phere. As much as 124cwt of gas was produced from every ton of salt, and
this Howed from the chimneys of the chemical works o defoliate the trees
and poison livestock. The result of this agitation was the pasing of the
Alkali Works Act in 1863, which stipulated thar at least 95 per cent of the
hydrochloric acid gas had to be condensed. An alkali inspectorate was also
set up to see that the law was obeyed. (This early involvement in clean air
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activity laid the foundation of the practical approach to problems tha sull
exist it the UK, where enforcement of the “best practical means” of abate-
ment is preferred to the setting of arbitrary emission levels.) The enarmous
chimneys used by the soda factories to dissipate the gases—one at St Rollox,
Glasgow, was 420ft high—had to be replaced by condensers most usually
in the form of towers in which the gas passed upwards through beds of
coke while water flowed down through them. The alkali manufacturers
now had a new by-product, hydrachloric acid, with wiich to poliure rivers
and streams instead of the atmosphere. Before long, however, all but the
smallest works were using it for making bleach.

The soap industry of Merseyside, which developed i Widnes, Wamng-
von and Liverpool, produced a wide tange of produces and eventually
gave birth to 1 completely new industrial complex that was to become the
home of one of the world's great soap combines. William Hesketh Lever
(1851-1923) founded Port Sunhight (100/S] 3484) on the Wirral or Cheshire
side of the Mersey estuary in 1888, and developed there a factory and model
village for his workpeople far in advance of anything previously built,
Viscount Leverhulme, a5 he eventually became, was not a romantic idealist
but asocial realist as well as a successful businessman. He talked of the days
when 'Workpeople will be able to live and be comfortable in semi-detached
houses, with gardens back and front, in which they will be able to know
more about the science of life than they can do i a back slum.” Porr Sunlight
wis the realisation of this philosophy, the creation of an ideal community.
Groups of “Tudor’ cottages with plenty of traditional half-timbering and
moulded plasterwork were arranged in carcfully contrived ares around
liztle greens and enclosed spaces at an average density of only cight dwellings
per-acre. In a way Port Sunlight did a disservice to the movement towards
better workers” housing, for although it was important environmentally, it
was ot conceived with any thought of financial realism. The much more
mundane Cadbury experiment at Bournville, near Birmingham (131/5P
o481}, based on a return of 4 per cent on the investment in building m order
to encourage local authorities to imitate it, had a greater influence on subse-
quent developments. The industrial archacologist as a student of industrial
landscapes should visit both. At Pore Sunlighe, in the Lady Lever Art Gallery,
he will also find a fine portrait in oils of Thomas Telford.
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BLEACHING AND DYEING

The demand for a chenucal bleaching agent thar was rapid in action was
largely ereated by the cotton fabric side of the textile industry, which had
grown beyond the stage where the natural acton of sun, rain and wind on
cloth spread out in bleachfields could cope with the enormous output.
It was the bleaching action of chlorine, first recognised in 1785 by the French
chemist C. L. Bertholler (1748-1822), which was evennully applied to
fabrics, The manufacture of a chlorine-based bleach was first developed on a
large scale by Charles Tennane (1768-1838), for which he set up the St
Rollox chemical works mn Glasgow i 1799, Previously sulphunc acid had
been used to liberate chlonne from a muxture of common salt and manganese
dioxide, but Tennant patented 1 solid compound of chlorine and lime known
as chloride of lime or bleaching powder, which was less harmful to the
people who made and wsed 1t than chlonne m aqueous solunon. In 18500
Tennant was selling his bleaching powder at £ 140 per ton from his Glasgow
factory. As the industry grew and techniques improved, the price dropped
untl in 1870 it had fallen to £8 10s per ton, presenting an enormous saving
to cloth manufacturers. In the 1860s techniques for recovening chlonne
from the waste hydrochloric acid of Leblanc soda plants were developed,
and this eventually became not only the main means of producing bleach
but in many cases the primary source of income for the Leblanc works.

Cleancd and bleached cloth often had to be dyed, but although the
soap and bleach industries were revolutionised in the carly nineteenth
century, development of *fast’ dyes came much later, The principal dye-
wares lmd thtoughﬂut El].[ﬂPﬂ‘ WCIC much thc AImc as [hcy h:d b(..’ﬂl]. rﬂr
centuries and included vegetable-based matenals such as saffron, urmene,
woad and logwood. A mill engaged in the logwoed dye industry remained
in use untl 1964, and can sull be seen ar Keynsham in Somerset (156/ST
656679). Albert Mill, Keynsham (Plare 58), contains a logwood chipper
and a set of stone edge-runners for crushing the wood chips, both powered
by an external iron waterwheel of 18ft Gin diameter and oft width. The
woods included fustics from Jamaica, South America, Greece and Turkey
for yellow dyes; Brazilwood for pinks and reds; cbony to give alive green
tor Blnvc leathers: and New Zealand Tanckaha to supply a gol:lm brown
colour.

In order to make the dye adhere to the fabric, mordants had to be used,
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and some of them significantly altered the character and colour of the dyes
themselves, One of the carliest was copperas, which itself was used for ink
and black dye. Copperas was obtained from the oxidation and hydrolysis
of iron pyrites (FeSy), sometimes called “fool's gold’. The process, carried
out in large open pits imwally at Queenborough on the Lle of Sheppey
and at Deptford, took up to § years, the copperas liquors (FeSO,. 7H,0)
being led away to cisterns as the slow atmospheric oxidation took place. In
the eighteenth centary numerous works wking advantage of the pyrites
found in locally mined coal grew up on Tyneside. Besides its use as a dye and
mordant, copperas was also a source of “oil of vitriol’ or concentrated
sulphuric acid, which resulted in a highly profitable by-product in the form
of Venetian red, an jron oxide,

More important as a mordant was alum, 3 double sulphate of potassium
and aluminium, which was produced first in England at Guisborough in
Yorkshire in 1595, Alum shales outcrop extensively on the North Yorkshire
coast and mland on the northern and eastern slopes of the Cleveland Hills.
Huge quarries, as at Ravenscar (93/NZ g701) and on the cliffs at Boulby
(86/NZ 7519) and Kettleness (86/NZ 8415), were excavated durmg the
nineteenth century to obtain the shales, which were subsequently ealcined,
usually in heaps on the floor of the quarry itself, The calcined shale was then
put into stone leaching or lixiviaton pits usually floored with large stone
fags and the resulting liquor was evaporated in lead o iron pans over coal
fires. Extensive remains of the alum extraction process have been excavated
recently by the Teesside Industrial Archacology Group on the edge of
Boulby cliffs in North Yorkshire. Sandsend (86/NZ 862128), north of
Whitby, has the scanty remaing of a small wharf buile for shipping out
alum,

During the second half of the nineteenth century the dye industry changed
rapidly as the resule of work begun by W. H. Perkin (1838-1907) in 1856
while studying under A. W. von Hoffman (1818-92). Hoffman came to
London from Giessen m Germany as the first superintendent of the Royal
College of Chemistry, established in 1845, Hoffman and Perkin carried
out pioneer work on coal-tar derivatives, and it was one of these, the firsc
commercially successful synthetic dye, a mauve, that Perkin offered w

$8 Stone edge-runners for crushing logwood, Albert Mill, Keynshiam, Somerset
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Pullars of Perth in 1856. The subsequent history of the synthetic dye industry
during the latter part of the nincteenth century provides an example of 4
technological takeover even more startling in its proportions than the
American fise to pre-eminence in machine tool design in the same period.

Germany had led the world in pure organic chemistry for more than 20
years before Perkin's original discovery, Hoffman being one of her leaders.
By the 18708 Germany had overtaken British output of aniline dycs. Be-
tween 1886 and 1900 the nx largest German firms took out 948 British
patents, whereas the six largest Brtish firms took out only eighty-six.
By 1900 Germany had 9o per cent of the world market, The prominence of
the chemist in the German dye industry also provides a salutary indication
of the appreciation of the necd for high level research, In 1900 the six largest
German firms employed some 18,000 workpeople, 1,360 commercial
staff, 350 engineers and technologists and 500 chemists, Ar the same date
there were less than forty chemists, of generally lower quality, employed
m the whole Brtish dyestuffs indusery. By the mrerwar years German
chemical preeminence had widened into pharmaceuticals, synthetic
perfumes and Havouring, saccharine, synthetic rubber and mumerous other
products, After A. W. von Hoffman lefi London in 1865 to take up the
Chair at Berlin, there was no chair of organic chemustry in Britain until
1874! Study of the Industnal Revolution is often precccupied with techno-
logical innovation, growth and capture of world markets, especially when
scen from the standpoint of Britain, The machine tool and chemical industrics
provide examples of how an advanced country with well stablished
traditional technigues can fall back mto a state of relative underdevelopment.
The fact that Britain and the United States were forced into & position of
having to carch up emphasised the importance of scientific and technical
education and underlined the fact that the educational system necessary
to provide scientists and science-based engineers needs 1o be set upa genctation
n advance.

SULFHURIC ACID

Sulphuric acid was one of the most un portant base chemicals of the ‘chemical
revolution’ of the nincteenth contury, being required in ever-increasing
quantities. Indeed, its rate of consumption may be regarded as one of the
measures of the commercial and industrial prospenty of a nation, s widely
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is it used. Both the Leblanc soda process and Tennant's bleach making de-
pended on it, as did numerous subsequent developments. Knowledge of the
acid dated back many centuries and descriptions of its distillation from green
vitriol or ferrous sulphate (FeSO,. 7H,0), iself derived from copperas,
occur as early as 1570, Contmuous manufacture in Britiin probably began
in Twickenham and Richmond in the 17305 and 17408, A major advance
came in 1746 when John Roebuck (1718-94) and Samuel Garberr (1717~
1805) sct up a sulphuric acid plant in Birmingham, probably to satisfy
the mcreasing demand from local metal industries for the acid as a cleaner
and stripper. In this and subsequent processes lead chambers were used
(slphuric acid does not attack lead) in which nitre or saltperre (potassium
nitrate, KNOy) and pure sulphur were bumed over a shallow depth of
water on to which the fumes condensed, The process was repeated at intervals
until the liquid had reached the required strengeh.

The availability of cheap sulpharic acid by the lead chamber process was
onic of the great inventions of the Industrial Revolution, making available
soda instead of the more expensive potash for the soap and glass industries,
frecing greater sipplics of potassium silts for agriculture and, after 1845,
being wed directly in the manufacture of phosphatic fernilisers (super-
phosphates), which became the principal outlet for sulphutic acid. In
addition it was used for the manufacture of bleach und explosives. After
1830, when Chilean saltperre (sodium  nitrate, NaNO,) replaced the
potassium salt, sulphoric acid became cheaper sill. By the 18208 the lead
chamber process had reached a state of great efficiency, with its main concen-
tritions in the North East of England, Glasgow, Lancashire and London.
Today the lead-chamber process is completely obsolete and remains of it are
virtwally non-existent, the high value of serap lead encouraging rapid
demolition. A direct contact process, eliminating the use of saltpetre, was
propounded in the 18308 but not taken up commercially until 1914, A
major producing arca is now Teesside, wsing local supplies of anhydrite
(calciwm sulphate, CaSO,), mined at Billingham.

GUNPOWDER

Gunpowder manufacture s not truly a chemical industry process, as it
involves the mixing of sulphur, saltpetre (potassium nitrate) and charcoal
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(carbon) without: any reaction occurring between them. Of Chinese
mvention, its first European wse—probably as the result of re-invention—
was in Germany in the mid-thirteenth century and it quickly spread from
there. Its use for blasting purposes in England probably dates from the r6z20s,
and in Comish mines from 1689, More sophisticated and controllable
explosives, including dynamite and gelignite, replaced it during the nine-
teenth century, The industry developed in several areas of Britain and a
mumber of sites still contain recognisable and comprehensible remains. In the
Lake District at Blackbeck (9/SD 334859), near Bouth, lics the site of a
mill operating from 1862 until 1928, which is now a caravan park. The
approach lane was once a railway track from the Leven estary, The office
and weigh-house sull survive ar the site's entrance, and there are also some
steam pipes from the original engine-house, water power not being used
here. The Lowwood works of 1799 stood near Haverthwaite beside the
River Leven (89/SD 347837), but is now substantially overgrown. More
extensive remains can be seen, howewver, at Elterwater (Bo/NY j2R048),
with two waterwheel pits, now occupied by turbine, a number of the
original buildings, edge-runners and a small howitzer used for testing powders
in the grounds of Eltcrwater Hall, The industry started in the Lake District
it 1764, using saltpetre imported from India and later Chile and Germany,
sulphur from Italy and Sicily and charcoal from local birch and alder trees,
although juniper was used at Lowwood. The last mill dlosed in 1937.
There is another important gunpowder site, curremly the centre of
majot conservation programume, at Faversham i Kent (172/TR oog613),
where the Charr Mills are beng restored. For some 300 vears before the
closure of the works in 1934 Faversham was 3 major centre of the gun-
powder industry. Much of the buildings and machinery was destroved but
in the Home Works, oldest of all and once the Royal Gunpowder Factory,
some of the plant survived. Known as Chart Mills, they contain two pairs
of gunpowder mills consisting of edge~runners, each pair worked in tndem
off a single large waterwheel. After some 30 years of neglecr, restoration by
the Faversham Society & now well in hand. Another ares of gunpowder
manufacture was Devon, where there were three factories working in
1890. Remains of one of these can be seen on Dartmoor, where the buildings
have been incorporated into Powder Mills Farm (175/ST 628769), which
stands north of the Bjai2 Princetown to Morctonhampstead road. The
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walls of three wheelhouses and two tall chimneys can been seen on the
moor behind the farm, while a small morar once used for testing the
powder stands by the farm entrance. Storage of gunpowder presented very
special problems of security, and powder houses, usually small, substantially
built brick or stone buildings, are a common feature of many minng and
quarrying arcas. The dangers anang from powder on board ships while
they were in port was solved at Bristol by the construction of a powder
house on the River Avon (156/ST $37765) at which ships could discharge
any gunpowder before entering the crowded quays and wharves of the
cty.

FAPER

As with gunpowder, the manufacture of paper hardly qualifies for inclusion
among the chemical industries, although since the 18708 at least the pulp
from which it 1s produced has been boiled with various acid and alkaline
reagents to punfy it. Up to the beginning of the nineteenth century all
paper products were made by hand, usmg a vat and hand mould. The aw
material from which the paper pulp was derived was essentially rag, but
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during the latter half of the nineteenth century this was progressively
replaced by cellulose fibre from coniferous trees. A variery of additives
were mixed with the pulp to improve the quality of the finished paper, and
of these, china clay, used to make high-quality dense white papers, is the
most important. In the original hand processes a fibrous suspension, highly
diluted in water, is contained in the vat. The vat man dips the hand mould,
a finc wire screen surrounded by a wooden frame (the deckle), into the vat
and lifts out some pulp from which the water is allowed to drain. The
deckle iy then removed and the mould with the fibrous web of pulp lying
on it is passed to the couch man, He transfers the web on to a woollen felt.,
Further webs on feles are stacked on it and the whole transferred to a serew
press where excess water i femoved by pressing. Finally the webs are
removed from the felts and hung in a loft for drying in the atmosphere.

The limitations of this batch type of process are obvious, and the demand
for paper, which had been incressing with the spread of prmung, was
eventually satisfied by the Fourdrinier machine and eylinder mould. Henry
Fourdrinier (1766-1854) developed a machine in the carly years of the
nincteenth century in which the pulp was fed continuously on to 3 moving
belt of gauze through which water was allowed to drain; Successive squeezing
eliminated further water from the web unnl it was strong enough to
support iself, when it passed to a series of geam-heated rolls that eliminated
the remaining undositable moisture. A modern papermaking machine is
wsually of this basic Fourdnimier type, often several hundred fect long. The
proportion of the muachine involved in removing water from the web
cither by drainage or steam represents over 9o per cent of this total length.
The speed at which paper, and more particularly multi-layer boards, can be
produced is determined by the rate at which the warer can be removed from
the webs. A development in this field durmg the early 19605 was the “Inver-
form’ machine in which water was removed by gravity from below and by
vacuum box from above the webs. The prototype of this machine is pre-
served in Bristol Gity Museum. A national papermaking collection developed
by the industry at St Mary Cray in Kent has now been transferred to the
North Western Museum of Science and Technology in Manchester.

The distribution of eighteenth- and nineteenth-century paper mills in
the period before the industry became focused on a refatively small number
of large production units was based on three primary locational factors, A
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source of rags was a major requirement, so the proximity of a large urban
centre was essential, and this centre also provided a market for the finished
paper. The third requirement was large quantities of clear water. In the
Bristol area alone the Bristol Industrial Archaeological Society has identified
thirty-gight sites of extinet paper mills in addition to the seven where
production still continues, Most of these were located on streams such as
the Chew and Axe, flowing from the Mendips. At Bathford (156/ST 790671)
a small mill specialises in the production of ‘India” papers for hibles and
dictionaries, made on a sngle 84in machine. A 1912 honzontal-tandem
compound mill engine by Wood Brothers of Sowerby Bridge drove the
machinery until 1966, when the mill was converted to elecrric power. The
engine. remains in sin, Wookey Hole Mill, near Wells (165/5T 531466),
owned by W. S, Hodgkinson & Co Ltd, is probably the largest hand-made
paper mill in the world, daring back to 1610 or even earlier. It produces
mould-made account im_ek;, deckle t,'dg#.‘ notepaper and [raper for bank-
notes. Of the abandoned mills m the area, numerous buildings survive,
some converted to other purposes, but little equipment remaimns. At
Slaughterford (156/ST 839738) a rag mill used for preparing the raw matcrials
1s now derelicy bur the ron waterwheel still survives.

RUBBREMN

The ongins of the modemn rubber mdustry are twofold, based on two quite
distinct vegetable raw materials. One of these was gutta-percha, a tree gum
from Malaya introduced in the 18405 for insulating purposes; it gained some
importance in the manufacture of submarine telegraph cables and the firs
cables lsid under the streets of London. Eventually the superior qualities of
rubber made the harder and more brittle gutta-percha obsolete, bur not
before the irrepressible Vietorian enthusiasm for anything new had resulted
i houschold ormaments and even tableware being made of it Several
companies were formed, mamly in London, to process the gum, and the
name of one of these, the 5. W, Silver & Co Gutta Percha and Rubber
Waorks, founded in 1852, is perpetuated in Silvertown (161/TQ 410800),
hetween the Royal Victoria Dock and Woolwich Reach,

Riibber is made from the lacex of a mree native to South America, its
great ateraction to European industriaists of the late eighteenth and carly
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nineteenth centuries being its unique qualities of elasticity and impermeabilicy.
A patent was granted as early as 1820 to Thomas Hancock (1786-1865) for
making rubber latex springs, and in 1823 Charles Macintosh (1766-1843), a
Glasgow chemical manufacturer, patented a technique for dissolving rubber
in coal-tar naptha, a by-product of the gas industry, and applying the solu-
tion to fabric. He set up a works in Manchester for making waterproof
garments—the misspelt mackintosh. The problems of stickiness and perish-
ability to which these early rubbers were prone was solved by the intro-
duction of the "vulcanisation” process, in which sulphur was mixed with the
rubber. Developed in 1841 by Charles Goodyear (1800-66) in the United
States, the process was offered to Macintosh in England, but Macintosh's
partner Thomas Hancock worked out for himself how 1o vulcanise rubber
and filed a British patent in 1844, beating Goodyear by days. Vulcanising
resulted ina much mote stable material and provided the foundation on which
the rubber industry could expand, imitially with products like rubberised
fabrics and shoe soles and later on a bigger scale altogether as the result of
the growth of the motor imdustry and the establishment of huge factorics
like Fort Dunlop on the outskirts of Birmingham,

Much of the equipment used in the mixing of the constituents of rubber,
which in the case of tyres includes powdered carbon, was unil recently
surprisingly primitive. Masticators, rather like enormious mangles, are used
and an carly example, from an Avon factory in Wiltshire, is preserved in
Bristol Museum. Calendering, introduced in 1836 and another basic manu-
facruring process, consists of rolling rubber into the surface of fibric under
great pressure between a series of horizonmal rollers arranged one above
another. A varicty of criteria have affected the distribution of the rubber
mdustry in Britain but an unusual locational factor was responsible for the
establishment of the industry in the Bradford on Aven and Melksham area
of north-west Wiltshire—the availability of empry wool textile mills. The
industry sull occupies some of these, although i modern expansion has
been based on new buildings on new and larger sites.

Oy

During the twentieth century the chemical industry has had a new raw
material in oil, which has provided the basis for 4 vast range of products,
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mcluding detergents, organic solvents, epoxy resins, sulphur, sulphuric acid
and numerous plastics. Most of this industry is based on imported oil, but
a few manve sources are acuvely worked. In east Nottinghamshire around
Eakring (112/SK 6762) and in north Leicestershire around Plungar (r22/SK
7734) unmanned pumps may be scen lifting oil from wells, They are in
effect beam engines—an electric motar driving ane end, the other connected
to the pump rods—and their characteristic movement has gained them the
name ‘nodding donkeys’.

The other main source, now no longer worked, was oil shale, of which
the lacgest concentration in Britain occurs in the Lothians of Scotland.
Exploitation began in 1851 when James Young (1811-83) a brilliant scientise
who had assisted Faraday and later managed Tennant's chemical factory in
Manchester, started mining the shale, from which he refined parathn and
paraffin wax. The industry grew slowly until 1864 when Young's parens
lapsed, and by 1870 ninety-seven firms had been founded of which nearly a
third had already failed, American competition after 1900 precipitated a
decline and the industry finally bocame extinet i 1963, Remains are
numnerons, the most obvious being the waste tips known as "bings’. Ar
Torbane, near Bathgate, West Lothian (61/NS 943668), stands the bing from
Young's pioneer enterprice of 1851 this incidentally is where the geological
name Torbanite, applied to the oil shales, onginated. At Broxburm (61/NT
o87728) in 1862 the discovery of large shale deposits resulted in-a boost to
the Scottish oil industry. This village and nearby Winchburgh to the north
are produces of the industry, which has left 1 spectacular lindscape of bings
to the cast of the BSozo road running between the two. The refinery,
founded in 1883, was south of Braxburn at Pumpherscon, In north Somerser
oil shales were warked early this cenrury on the sea cliffs east of Watchet at
Kilve (164/ST 147439), where the remains of a distillation plant in the form
of a brick tower still survive.

Perhaps the most spectacular source of ol in Brram, and one of the
carliest to be commercially worked, can be seen in the so-called Tar Tunnel
at Coalport, Shropshire (119/S] 6g4023). Excavated in 1787, probably to
give access to coal, the tunnel struck considerable quantities of natural
bitumen, which were exploited well into the mneteenth century. Today the
tunniel is administered by the lronbridge Gorge Museum Trust and is
accessible o visitors, who may view the cavernous ‘rar’ wells leading off
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the brick-lincd runnel av intervals along 1rs length.

The sector of the chemical industry using oil for its raw material is per-
haps too niodem a development to form a legitimate area of study for the
industrial archacologist. As has been pointed out elsewhere, however, it is
not absolute date thar provides a criterion by, which the industrial archacolo-
gist can work, and in industries where the rate of change is rapid much of
undoubted historical and archaeological significance will be lost if it is not
recorded. Again the point about the complexity of the process must be
made, as this places additional responsmbility on indistries themselves to
ensure that there is 2 rational and comprehensive approach to the preserva-
ion of archival material and the maintenance of a record of evolution: To
the industrial archacologist engaged m the examination of the physical
remaims of the chenical industries this chapter can only provide the most
generahised of indications on the ditections in which to ook, Cerminly the
obvious temnants of the industry vastly understate its importance m the
industrial development of Britain and even if the opportunitics for con-
servation of significant plant and buildings are Hmited, and probably in
many cases difficalt to justify, the need for the retention and stdy of
documentary material is paramount.



12 Public Utilities

TuE continuing and rapid proccesses of industrialisation throughout the
mncteenth century had profound effects upom the way of life of the populaton.
Industrialisation brought with it large=scale urbamisation, destroying the old
balance between town and country and creating within the newly bulging
towns horrifying conditions of overcrowding, squalor and disease. Liver-
pool’s population increased from 82,000 in 1807 to 202,000 n 1831, and
this betore the massive immigration from Ireland after 1845, Leeds, at the
centre of the West Riding woollen industry, climbed from 53,000 to 123,000
in the same period. In Birmingham, Glasgow, Manchester and Shefficld the
pattern was the same, while London continued to maintain its superionty in
sze over all other towns,

The techniques of town living had become well established before this
explosive growth in the carly nineteenth century, but the sudden increase in
scale, coupled with overcrowding, completely swamped the simple processes
of water supply from wells, and of sewage dispodal through open gutters
{or, in the more enlightened towns, by ‘rakers’ or night-soil men), The water
closer, patented by Joseph Bramah in 1778, could be lintle used because there
were few proper sewers and often no regular warer supply. Enormous
pressures were put upon towns and their administrative systems, such as they
were, but cholera epidemics, a prevailing lisser faire attitude to corporate
initianive, a lack of adequate medical information and the total absence of
any ‘public service’ technology all militated against reform and improve-
ment. But reform did come, and a combination of private companies and,
increasingly, local authorities, gradually broughe about the provision of
water, gas and drains, transport, housing and other urban necessities. From
the mid-1830s towns had powers to supply water, by the 18404 to provide
gas and in the 18705 and 1880s to build rramways and supply electric light.
The Public Health Act of 1875 was only one of a large number of legislative
mMoves to ensure proper sanitation and mamtenance of good general living
conditions.

With these developments came a new breed of professionals. The British
Association of Gas Engineers, formed in 1863 under the famous sanitary

201



92 PUBLIC UTILITIES

engineer Thomas Hawksley (1807-93), was followed 10 years later by the
lustitution of Mumapal Engineers. By the end of the centary three more
professional groups had been formed to cover sanitary engineenng (1895),
water supply (1896) and heating and ventilation (1897). Great warks, privately
and publicly financed, sprang up in and around the expanding urban areas
and today provide some of the most tangible physical evidence of the

improvement i the quality of own life dunng the second half of the
nineteenth century.

WATER SUFPLY

A prime necessity of life and of many industrics is water, and the need for
larger and better supplies, of which those concerned with public health were
the first to be aware, became generally recognised by the early nineteenth
century, The major sources of supply are rivers and lakes, reservoirs con-
structed specially to store water and pervious water-bearing rocks under-
ground. Pumping stations for lifting water from deep wells are most
numerous m the Midlands and south-castern England, although they also
occur in other places where water is taken from rivers. Large dams and
reservoirs are generally confined o mountainous country in Wales, Scotland
and the Pennines and often provide water for cities such as Birmingham,
Liverpool and Glasgow by long-distance aqueducts,

Some of the first large-scale water installations in Britain were built to
serve London in the early years of the seventeenth century. Under the
direction of one man, Hugh Myddelton (?1560-1631), and Jargely at his
personal expense, the New River, some 40 miles long was built to bring
spring water from Hertfordshire into the City. The New River Company
was the first of London's great water supply companies and the aqueduct,
much of which s stll in use today, was formally opened on Michaclmas
Day, 1613, when water was let into the Round Pond at Clerkenwell, Traces
of the pond, together with remains of Smcaton's engine-house of cr768,
may be seen ar the Metropolitan Water Board headquarters at New River
Head, Rosebery Avenue, Klington (160/TQ 313828). OF the conduit carry-
ing the New River iself, a good section remams between Bullsmoor Lane,
Waltham Cross and Greens Lane, Ny (160/TQ 318878). A nincteenth-
century straightening, by which the New River s carried in a siphon pipe
across the Cufficy Brook, may be seen near Maidens Bridge, Forty Hill,
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Enfield (160/TQ 343987). The old course is still traccable winding round
Forty Hill. A further shortening, datng from 1859, runs between Myddleton
Road (1660/TQ 306916) and Homsey High Strect.

The New River Company, which took over the famous London Bridge
Water Warks, was soon to be followed by others, and by 1822 nine separate
companies were serving the metropolis. This was reduced o eight in 1845,
when the Southwark & Vauxhall company was formed by the amalgamation
of two of them, and in 1902, after continued pressure from the London
County Council, a sngle authority, the Metropolitan Water Board, was
formed to take over them all.

The numerous companies set up i the early mneteenth century rarely
had the eapital to develop major sources of supply, especially where reservoirs
or long aqueduets were requited. Provision was generally intermiteent, often
with the water turned on for only an hour or two each day. This was very
unsatisfactory where water was needed for streer cleansing, fire-fghtmg,
sewer-flushing and for public baths and wash-houses, the first of which had
been apened in Liverpool in 1842. For these reasons most of the larger towns
took over their private water companies, frequently following this with
massive capital expenditure on reservoir or pumping schemes. Relanvely
few of the companies were large and efficient enough to resist these takeovers,
although those serving Bristol, Portsmouth, south Staffordshire, and
Sunderland and South Shields retained their independence.

In the carly nineteenth century a number of Acts were passed authorising
water undertakings to take water from rivers or to construct reservoirs
without any restriction as to the rate of abstraction, but generally speaking
the rights of riparian owners using water to power mills and factories were
protected by defining minimum amounts of compensation water. Dams
were at first eonstructed of earth, a watertight cote of puddled clay being
faced on both sides by filling material; on the water side stone pitching
covered the face to prevent erosion, while the outer face was covered
s0il and then grasted. To prevent water from passing under the dam, the clay
core was set in a trench dug down to a watertight foundution such as rock or
shale, The early earth dams were mainly in the Pennines, built to serve cities
like Shefficld and Manchester. The first large masonry dam, on the River
Vymwy in Montgomeryshire (117/S) 018193) dates from 1881-92 and was
built to serve Liverpool. It is 161ft high and 1,172ft long, Behind it on the
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lake side stands a remarkable turreted "castle’ containing the valve contrals.

From the industrial archacological point of view the most spectacular
stallations assoctated with water supply are the steam pumping engines
built to lift water from wells or to pump it to high-level storage reservoirs,
Engines were generally of the beam type, superbly finished and maintained,
set in ormate and frequently quite exotic buildings, and surrounded by pools,
trees and immaculately manicured formal gardens. Two such engines are
preserved by the Bristol Waterworks Company at Blagdon in Somerset
(165/5T 503600), and at Papplewick im Nominghamshire (112/SK s82523)
two riotously omamental rotative beam engines (sce Plate 12) by James
Watt & Co have come mto the care of a preservation trust. Papplewick
pumping station was erected in 1883-5 to pump water out of the Bunter
sandstane for the growing needs of Nottingham, and represents the ultimate
in claborate construction and scting. In Sunderland Ryhope pumping
station (78/NZ 404525) 15 also being preserved, and in part of the adjacent
boiler house 4 museum of water supply equipment is being established,
again by a private preservation trust, in this case working in close liaison with
Sunderland Museum. The four Comish pumping engines ar Kew Bridge
waterworks, Brentford (170/TQ 188780), last worked in 1944; they are
undoubtedly the finest single concentration of the breed in the world and
are preserved by the Metropolitan Water Board, from whom permission 1o
view can be obtained.

In the late nincteenth century and early twentieth vertical triple-cxpansion
steam engmnes, similar in general layour to those used in ships, supplanted
the beam type, A number are still in use, including two 1,008 hp Worthing-
ton Simpson engines (see Plate 15) installed ar Kempron Park Warerworks
in 1928 and belicved to be the largest land-based triples in Brirain, The same
warks has five further trples buile by the Lilleshall Company of Shropshire
in 1goo but now out of wse. At the opposite end of the scale a single tnplé.
also by Lilleshall, can be scen by appointment at the Chelvey, Somerser,
pumping station (165/5T 374679).

Reciprocatng plunger or piston pumps were usual with most water
pumping engines but towards the end of the nineteenth century centrifugal
pumps, notably those made by Gwynne, were used increasingly. An extra-
ordinary water pumping station, although now devoid of its original equip-
ment; forms a noteworthy feature of Marshall Place, Perth (55/NO 121233},
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Designed in 1830 by Dr Adam Anderson, then rector of Perth Academy and
later Professor of Natural Philosophy at St Andrews, it has a central rotunda
with drum and dome flanked by rectangular north and south wings and an
annexe to the west. The drum and dome forming the reservoir are of cast
iron decorated with lonic pilasters and supplied by the Dundee Foundry
Company. This remarkable essay in the asimilation of clasical forms 1w
funcrional needs is not only mngenious but a surprisingly satisfacrory piece of
design. Numerous other humbler water towers can be found all over Britain,
often in commanding positions and visible for many miles because of their
need to be higher than the area they are supplying. Low-lying south Lanca-
shire has a number of good examples, notably Victoria Tower on Greetby
Hill, near Ormskirk (to6/SD 423087}, and & neighbour east of Tower Hill
(100/SD) 423085) to the south. There is a fine concrete water tower at
Newton-le-Willows near the M6 Motorway (100/S] 599957), and 3 com-
manding brick and stone tower at Frith Heath, Godalming (170/5U 970443),

in Surrey,
WASTE DISFOSAL

Disposal of town waste had becamie 8 major problem by the middle of the
cighteenth century, and although London had since the 16605, in theory at
least, some sort of rubbish disposal organisation, miost other citics had nothing
at all. Rivers, streams or tidal estuanies and the sea provided the means of
carrying away the unwanted detricus of urban humanity, and in some pares
of Britain this situacion stll applics. The Thames was London’s doaca
maxima, which was supposed to take away on each ride the city’s waste
products. The realisation that discases such as cholera and typhoid were
water-borne, and that all too often drinking water and waste water came
into contact with each other, provided the great incentive to install sewers
and sewage treatment plants. In two cholers epidemics in London in the
middle of the nineteenth centary nearly 20,000 people died, emphasising
particularly the need for systematic methods not only of water supply and
distribution but, more important, the disposal of waste water in underground
pipes to arcas away from the town, where it could be suitably treated.

In 1855 the Metropolitan Board of Works was created, with Sir Joseph
Bazalgette (1819-91) as its engineer, to provide a system of sewers to prevent
‘all or any part of the scwage within the Metropolis from flowing into the
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Thames in or near the Metropolis’, Bazalgette's monumental underaking
provided the framework on which most of London's sewage disposal system
still dcpﬂ:ds. and :.l'lhcmgh much of it is below Em.uud and not c:lsi]}! avail-
able for the industrial archacologist to examine, some of the surviving surface
remains exhibit 3 magnificonce of conception and execution equal to the
works of many a bereer known engineer. One of the main difficulries to be
overcome in providing London with an efficient sewerage system was to
carry the waste products away from the urban area itself, as most of the existing
sewers flowed ar right-angles to the Thames. Bazalgette's solution was to
construct. major sewers parallel with the river on each side of it—the
Northern and Southern Outfalls—running to Barking in Essex and Cross-
ness in Kent. Generally the gradient was sufficient for a gravity flow, but ar
intervals a pumping station was needed to achieve enough height to maintain
an cflecuve gradient. An example 15 av Greenwich High Road, Deptford
(161/TQ 377772), where four beam pumping enginies lifted low-level flow
18ftinto the Southern Qudall. Only the ltalianate pump house of 1864 now
remains.

The often extravagant lengths ro which the warter supply companies went
with their pumping stations were exceeded only by the works built by those
authorities responsible for: the eventual disposal of the waste. The Metro-
politan Board of Works perpetrated two such works which, in all their
elaborate mid-Victorian improbability, are quite without parallel. One, the
Abbey Mills sewage pumping station in West Ham (161/T(Q 388832), was
buile beeween 1865 and 1868 and originally housed eight beam engines,
which were removed in the 19105, The Venetian-Gothic style building with
its exotic interior cast-iron work survives, however, a remarkable monument
to the beginnings of the anti-pollution movement. Even more unlikely is the
Southern Outfall pumping station in Thamesmead., Here the Crossness
sewage treatment works (161/TQ 484811), also built in the mid-1860s, is
sull complete, with four 125hp beam engines by James Wart & Company.
Now out of use and iced all over by hordes of invading pigeons, the incredible
cast-iron tracery of the central octagonal framework supporting the beam
floor has aken on the appearance of 2 fantastic petrified cathedral, While
effores are being made to preserve Crossness pumping station, three other
sewage pumping installations, already safe in the hands of local authoritics,
arc accessible to visitors. In Shrewsbury the Coleham (118/S) 496121) beam
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pumping engines are preserved and run from time to nme on clectric power;
built in 1900 by W, R. Renshaw of Stoke-on-Trent they were in use until
1970 and then taken over by Shrewsbury Museums. In Leicester, Abbey
Lane pumping station (121/SK $89066), again with beam pumps (built by
Gimson in the exotic manner), is being preserved as the focal point of a
Museum of Technology for the East Midlands. Eastney sewage pumping
station (181/SZ 675989) is one of 3 number that clear sewage and surface
water from low-lying Portsea Island, on which Portsmouth stands. Originally
two Clayton beam engines, installed in 1868, provided the power, but they
were scrapped and replaced by two large compound engines by James
Watt & Co, installed in 1886-7. These in turn became redundant in 1954,
when four English Electric/Sulzer electric pumps took over the main load.
The Watt engines and their engine-house have recently been restored by
Poresmouth Museums and opened to the public as the nucleus of an indus-
trial museum. Also on the site are three T2 type 170bhp Crosdey double-
ended (opposed-cylinder) gas engines driving Tangye centrifugal pumps.
Dating from 1904, these engines are still maintained for standby use and
may eventually be preserved.

As an example, Portsmouth illustrates very graphically the improvement
in living conditions and reduction in mortality that resulted from better
public health, largely brought about by good drains and sewers. The Sewage
and Drainage of Towns Act of 1845 marked the beginning of steady progress
in a town which had 3 particularly acute drainage problem, especially on
Portsea Island, where the highest and most densely populated area was only
1aft above the level of ordinary tides. Two large pumping stations were
built to pump efluent from the sewers, at Easmey in the 1860s and Stam-
shaw in the 188cs. By the 1950s fifteen more pumping stations had been
built to cope with Portsmouth's sewage and drainage. Over that same period
the death rate dropped from an excessively high 25-37 per 1,000 in 1851
when the population was 72,000, to one of the lowest for large towns of
18-9 in 1891, when the population stood at 159,351; by 1955, with 238,700
people in Portsmouth, the death rate stood at 10-76, though many other
factors had come into play by then.

Disposal of domestic rubbish had been achieved in some towns by using
scavengers who dumped the waste material in specified arcas away from
housing, In many places, however, it was left to rot in the strects. Systematic
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collection became widespread in the second half of the nineteenth century,
but it was not until the introduction of destructors that there was an alterna-
tive to dumping. Even today 1 large number of local authorities dump their
rubbish. The idea of a destructor is a simple one, involving the burning of
robbish at high temperature to destroy all organic matter and reduce it m
bulk. A mimmum sustained temperature of about 1,250°F is nceded o
achieve complete combustion of all noxious contents of the waste, and most
carly destructors fell far short of this. Charles Jones of Ealing, who erected
the first destructor near London in 1883, was also the first to grapple with
the problem of fumes given off by incomplete combustion, and in 1885
designed what was known as Jones’ Fume Cremator, This did much to
make destructors more acceptable to people living downwind of them, but
it was not until forced draught, coke fuel and carefully designed com-
bustion cells were developed in the 1890s thar high temperature destruction
of all organic material both elimmated the smell and reduced the waste to
an innocuous clinker. Today destructors are widely used, and many of
them, as examples of late Victorian public health engincering and archi-
tecrure, could well bear more detailed examination by mdustrial archacolo-
gist. So too could sewage treatment plants, once called sewage farms, of
which numerous early examples are being modemised or replaced, with
the destruction of what is frequently first-gencration equipment. In towns,
manhole covers frequently provide a clue to the type and design of the
pipes bencath them and often bear the name or initials of the original
authority responsible for construction. An almost completely extinct feature
of sewage systems is the sewer gas lamp, built to burn fumes from the pipes
below street level. An example of J. E. Webb's *Patent Sewer Lamp’ can be
scen in Carting Lane, Strand, London WC2 (160/TQ 305806), and another,
from Stourbridge, is preserved in the Blists Hill Open Air Museum, lron-
bridge, Shropshire.
GAS

The first practical demanstration of the combustible possibilities offered by a
mixture of coal gas and air is generally attributed to William Murdock
(1754-1839), principal engine erector in Cornwall for the firm of Boulton &
Watt. In 1792, the year after he had taken out a patent for a preservative
trcatment for ships' bottorns that had led him into various distillation ex-
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periments, Murdock generated gas from coal and lighted a room in his house
in Redruth. Although numerous others had experimented with gas given
off by ‘cooking’ coal in an oven, Murdock’s particular and important con-
tribution, on which the beginnings of a practical gas industry were founded,
was his systematic investigation of the comparative behaviour of different
classes of coal under conditions of varying temperature and times of car-
bonisation. Although there was little immediate interest in Murdock's
experiments, news of parallel work in France bemg carried our by Philippe
Lebon (1767-1804), and the active support of the celebrated Manchester
chemist William Henry (1774-1836), encouraged him further and he re-
sumed lis work in 1801. In the following year he illuminated the Soho
foundry of Boulton & Watt to commemorate the Peace of Amiens, and
before Jang the company was marketing commercially a gas-making plant
using Murdock's horizontal retort in which to carbonise the coal. Heat from
a furnace was applied to the retort through flues, and crude gas rose to be
carried away to a vertical condenser, where a jet of water precipitated the
tar and washed it into 2 tar pit. The system was used extensively for lighting
factories, whose owners were cager to adopt something more effective than
the tradinonal candles or whale ofl lamps.

In 1812 the first company selling gas from a central generating station
through mains to independent consumers was formally established. It was
the Gas Light & Coke Company, which by 1815 had built more than 26
miles of underground mains in London. By then gas was being made in
tapered horizontal retorts, charged and discharged by scoops, long-handled
shovels and rakes and purified by passing it through water to which lime
had been added. After purification, a somewhat imperfect process until the
18408, gas was transmitted through iron strect mams to houses, factories and
many public buildings, where initially it was used exclusively for lighting.
Early gaslights can still be found with ceramic ‘fish ail’ burners on which the
gas burned as an open wall-flame. Not until the 18408 was air mixed with
gas to achieve more cfficient combustion; the most obvious and familiar
example of this was introduced by the chemist R.'W. Bunsen (1811-99) in
his Heidelberg laboratory in 1855, In the 1860s gas becane more widely
used than merely for lighting with the introduction of the water geyser in
1865, the gas ring in 1867 and the gas fire with radiants in 1880. Gas cook-
ing was not comman until the 18705, and gas for heating houses on any-
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thing like a large scale did not become established until the early 1900s. By
then the rraditional stronghold of gas—lighting in streets and buildings—
was being threatened by clectric-are and incandescent filament lamps, which
were introduced commercially in the mid-1880s. The invention in 1885 of
the incandescent gas-mantle by the Austrian Carl Auer von Welsbach (1858-
1929) enabled gas o hold its own and survive well into the mid-twentieth
century, particularly in streers and railway stations, where lamps can still
occasionally be found. To the industrial archaeologist gas-buming equip-
ment offers an area of study worthy of energetic pursuit, as the rapid change-
over from coal-produced gas to North Sea natural gas is resulting in the
climination of almost all equipment more than about 10 years ald.

Similarly the conversion to natural supplies of gas has almost completely
climimated the traditional gasworks, and there are now very few carbonising
plants in Britain. The basic processes of coal gas manufacture are still the
same, comprising the destructive distillation of coal of low ash content in
retorts which in most works today are vertical and mechanically charged.
Gas from the retorts passes through various cleaning processes in which by-
products such as coal tar and ammonia are recovered in ‘washers’ and
‘scrubbers’. The gas is then pumped, using an ‘exhauster’, to # gasholder
before being distributed 1o consumers at a controlled pressure. The approxi-
mate composition of piped coal gas 15 usually 55 per cent hydrogen, 30 per
cent methane and 10 per cent carbon monoxide, with small quantities of
other gases.

Although coal-gas manufactuning equipment is rapidly disappearing, a
few plants are still active. Some of these, like the gasworks at Biggar in
Lanarkshire (68/NT 039377), are very small, with hand-fired retores (Plate
60) and one gasholder. Gasholders, often misnamed ‘gasometers’, still have
a storage role and are a familiar feature of many townscapes. The ecarliest
gasholders were thought to present 3 danger from explosion, and gas
companies were required to encase them in brick buildings. This curious
wdea, which in the event of 2 mishap would presumably have made every
brick a projectile, was soon abandoned, and the riveted iron-plate cylindrical
gasholder much as we know it today emerged to become one of the symbols
—together with slag heaps and factory chimneys—of everything that was
undesirable in the industrial landscape. Some early gasworks have a curious
charm, like the one at Fakenham in Norfolk (125/TF 919203}, which, it is
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hoped, will be prescrved, or the other, already noted, at Biggar. What is
probably the earliest surviving gasholder anywhere is at Fulham Gasworks,
Sands End Lane (170/TQ 260768), dating from the 1830s. Another early
example, with large spoked wheels over which the guiding chains roll, is
at Dolgellan, Merionethshire (116/SH 720179). All these carly g.l.ihn]dr.'rs
consisted of cylindrical inverted ‘bells’ supported by gas pressure and
sealed by water at the bottom. Later several sections of cylinder were tele-
scoped one within another, a huge frame of cast-iron pillars and lartice
girders acting as a support and guide. The No 3 gasholder at Fulham was a
fine carly example of ornate iron framing, and a later and very large example
may be seen at Reading beside the River Kennet, near its juncton with the
Thames (165/SU 731738). Later gasholders dispensed with the fixed guides
on pillars and worked with spiral rails on the side of each telescoping section
or ‘lift’. With the exception of preserved plant—assuming that Fakenham
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gasworks 15 preserved—the gasholder is likely to be the only item associated
with the manufacturing side of the coal-gas industry that will survive in use.

ELECTRICITY

Today we take electricity so much for granted that it is difficult to imagine
life without it, Not anly is electrical energy fundamental to the standard of
living of us all bu it is also the major source of power for industry. Electric
power has almost completely freed indusery from the locational factors of
the past, which tied it to streams and rivers for water power or to the coal-
fields when steam was the major prime mover. Though a few activities
such as aluminium smelting, which consumes vast quantities of electricity,
tend to be deliberately located near the point of generation or to generate
for their own use, to almost every other industry, availability of an elecrricity
supply is taken for granted. As with gas, the provision of usable electrical
energy is 4 four-stage process comprising transport of fucl to the generating
station, generation, transmission and consumption. Also like gas, the first
clectricity generating stations were mainly privately owned, of relatively
smiall scale and located near their markets. The creation of a National Grid
i the 19308 by which all power stations were linked, the natonalisation of
the electricity generating industry in 1948, and, sbove all, the enormous
increase in scale of generating plant, has made it much more economical
to locate power stations near the fuel source (usually coal) and transmit over
long distances by overhead power line. Thus the power axis of the country
has developed along the valley of the River Trent, with a string of large
base-Joad stations close to the East Midlands coalficld, The locstion of
nuclear power stations is governed by different factors, as the transport cost
of fuel is neghgible, Those so far commissioned in Britain are, in effect,
market-located m thar they are in coal-deficient areas. With the exception
of Trawsfynnyd in North Wales, they are located on cstuarine or coastal
sites, for like traditional power stations they use steam torbines thar need
condenser coolant water. For reasons of safety, however, i the event of an
accidental discharge of radivactive waste, nuclear power stations also tend
to be sited in fairly remote arcas. The other form of electric power, hydro-
elecimicity, in which water turbines drive the generators, has been litde
developed in England, although there are plants i Scodund and in North
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Wales. The North Wales scheme, at Blacnan Ffestiniog, works in con-
junction with Trawsfynydd nuclear power station, It 15 not posible casily
to store high voltage electricity to meet the peak loads on power stations,
but water can be stored, so that the hydroelectric station generates during
peak times, while in the off-peak period the nuclear power sation pumps
water from a lower lake back to the upper one in readiness for the next peak
period. This scheme allows the nuclear station to work at a very high load
factor and at the same time makes available some 300mW of hydroclectric
generating capacity for peak demand penods.

The electricity industry offers the industrial archacologist some important
remains at both the generating and consuming end of the energy cham,
although for an industry which is so relatively new much in the way of
equipment has already gone. The rapid rate of development of the tech-
nology of power generation, the changeover from direct to alternating
current for consumers, and the postwar boom in cfficient electrical appliances.
in the home has made almost any piece of electrical equipment more than
16 years old of lustorical interest.

The basis of all electrical power generated by mechanical means, as opposed
to electrochemically in a battery, derives from the work of Michael Faraday
(1791-1867), and was first demonstrated in 1831, On 17 October of that
year he plunged 3 bar magnet into a coil of wire and generated, in his own
words, ‘a wave of electricity’, and 11 days later he rotated a copper plate
between the poles of a magner and found that a current could be taken from
the axis to the rim of the disc. Faraday’s original experiment of holding the
coil of wire srationary while varying the magnetic field forms in essence the
basis of today's large power stations, although the bar magnet has been re-
placed by an electro-magnet and the coils are 5o arranged that their windings
are cut by the magnetic field as the magnet rotates. Thus the mechanical
energy required to turn the magnets is converted mnto electrical energy in

By the mid-18308 E. M. Clarke of London was manufacturing hand-
powered generators on a commercial basis, but it was nor until E. W, von
Siemens (1816-92) took out a British patent for a two-pole shuttle armature
in 1846 that a satisfactory small gencrator was available in Britain. In 1866
Henry Wilde and S. A, Varley in Englind and von Sicmens in Germany
had devised generators with electro-magnets and self-excited ficlds to
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create what they called ‘dynamic electricity’, meaning clectricity generated
by rotary motion. In the following year Charles Brooke (1804~79) used the
compound term ‘dynamo-clectric’ to describe all machinery which con-
verted mechanical into electrical energy. The first dynamo of practical
dimensions and capable of producing a continuous currens was developed
about 1870 by the Belgian Z. T. Gramme (1826-1go1), and 3 years later the
Gramme Company was able to supply a machine for public trial at West-
minster, where it powered arc lights. Manufacture in Britain of a superior
type of generator, developed in Switzerland by Emil Burgin, was carried
out in the early 1880s by R. E. B. Crompton (1845-1940), who built over
400 of them. The first electricity for public electric hghtng, at Godalming,
in Surrey, in 1881, was, however, generated by a waterwheel, Taunton was
another town that had an carly public supply.

Crompton was one of the pioneers in Britain of commercial electric
lighting using arc lamps in which a continuous electrical discharge was
induced between the tips of two carbon rods. nivally his self-contained
lighting units, consisting of a portable steam engine driving a generator by
bele and powering a number of lights, were nsed for agricultural shows and
fetes, but later they were installed in railway stations, the General Post Office
in Glasgow, where two arc lamps replaced 180 gas jets, and in 1882 ar the
Mansion House in London. Here a combination of arc lamps and incan-
descent bulbs, developed by Joseph (later Sir Joseph) Wilson Swan (1828
1914) in Newcastle-upon-Tyne, was used. The incandescent filament Limp
devised by Swan consisted of an evacuated glass bulb in which a current-
carrying filament contnuously glowed; although not as bnight as the arc
lamp, it was reliable and more soited to domestic applications, Almest
simultancously Thomas Alva Edison in the United States invented a similar
lamp, which he patented m Britain. Subsequently Edison and Swan amalga-
mated and formed the Edison & Swan Umited Electric Light Company
later known as the Ediswan Company, registered in 1883 with a capital of
Lim, The factory established by Ediswan at Ponders End, Enfield, in 1886
has recently been redeveloped and virtually all the original buildings have
gone. Fortunately the site was surveyed in 1969 by Enficld Archaeological
Society. Incandescent lamps rapidly became popular and in 1881 were used
in the House of Commeons, on the Inman liner City of Richmond, on 4 train
from London to Brighton, and in the Savoy theatre, where the stage was



FUBLIC UTILITIES 305

lit by 824 lamps, with a further 370 elsewhers in the buildimg.

All these carly mstallations had their own generators, but in 1882 the
Edison Company opened its Holborn Viaduct generating sttion, initially
to provide current for street highting bur larer extended to serve private
consumiers. In 1887 the London Electnc Supply Corporation was founded
to put mto effect a huge scheme devised by 5. Z. de Ferranti (1864-19 10),
who believed that the sanisfacrory development of electric power hinged on
gencration in quantity. The power station, at Deptford (161/TQ 374779),
was designed by Ferranti himself and meluded two alternators designed for
000V and powered by 1,250hp steam engines, and four with 10,000V
W iIh'"‘lgi t‘ﬂu_njmi o a \Iugll: Il.‘ll.:]nl::-l::I-|!1]1 engme. The first current was mans-
mitted from [}E;!Ilhrd in 1T858, :Lh!!luugh the station was not rrgul;ir mse
until 1891, Today Deptford power station (Plate 61) is much altered from
its first form, though most of the ariginal buildings survive, and as such ir
is one of the earliest monuments of the clecericity supply industry,

Thrnughmu[ the 18908 power stations, wually relanvely small, were buile
m many British cities by the newly formed electnc light companics or to
}‘.ll'tll‘."il.fl‘.‘ ]Ig!lt and alsa current for streér frams FI.'L‘!..]HI:HI]':. ane power
station served both functions. In Bristol the original Central Eleceric Light-
g Sunon bulding of 1893 (156/ST so4728) sall survives on Temple
Back, and across the road on Phillip Strect is the Bastol Tramway Company's

61 Turbine hall, Deprford West power station, south-case Londeon
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power station building (156/ST 593720), built in the early 1900s: The latter
is particularly interesting as one of the few stations in Britain built on the'
space-saving American principle, with its boilers on a floor above the engines
and generators.

All these early power stations used reciprocating steam engines with
cither belt drive to the generators or in some cases direct—coupled crank-
shafts. The central-valve engime developed by P. W. Willans (1851-92) in
the mid-1880s was the most widely used type. although by 18pr Bellis &
Morcom of Birmingham were manufacturing smaller enclosed-crankease
high-speed verticals with forced lubrication that were ideal for generating
work. Many of the larter can sull be found, mamly daving from the 19208
and 1930s, generating elecericity in hospitals. The problem: wath the re-
ciprocating steam engine was developing sufficient speed o power 4
generator efficiently. The answer was the steam turbine, which was widely
adopted soon after it had been mvented by C. A. Parsons (1854-1931) in
1884. Today power stations use basically the same arrangement as thae
devised by Parsons, the steam wurbime being direct-coupled to the alternator.

Initially most power stations distributed direct current on 4 two-wire
system at 110V, This was later changed 1o a three-wire system at 220V
offering 110V between each outer wire and the muiddle wire. As syrems ex-
panded, it was found necessary w raise the voltsge to 440 and 220 respec-
tively, with electric lights operating at the lower voltage and the larger
dlectric motors connected across the 440V wires. As the number of con-
sumers grew, the current Howing i the mains became heavier, the mans
themselves became longer and loss of power through voltage drop reached
scriows proportions. The answer, originally proposed by Ferranti, was o
transmit high-voltage alternating current with minimal losses and to break
down the voltage to consumers’ requirements at local sub-stanons and
transformicrs, This system is the basis of our modemn electricity supply net-
work based on a National Grid of 400,000 and 275,000V The area electricity
boards distribute within their areas at 132,000V and below, reducmg w
33:000V for heavy industry, 11,000V for light industry and 415/240V for
farms and domestic users. National Grid lines are almost invariably carried
on pylons for cheapness, although occasionally, as in the Wye valley, they
may be underground to preserve scenic amenitien. At 11,000V power is
generally carned on wooden poles in country arcas or underground in
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towns.

The industrial archacology of the clectricity industry illustrates the ir-
relevance of absolute age when examinmg the listorical significance of a
site, a process or a picce of equipment. It is the degree of obsolescence which
matters and, in an industry changing as rapidly as electricity generation and
supply. obsolescence can oceur very quickly. In 1948, when the generating
industry was nationalised, some 300 power stitions supplied 2 maximum
load of about 1o,000mW. Today four rimes thar load is supplied by less
than 200 stations, and only two or three new anes are required cach year
compared with more than rwenty that would have been needed under the
technology of 20 years ago. Thus operating power stations of the 19208 and
19304 are almost primeval in terms of today’s industry, and even starions
built as recently as the late 19505 may only be used for peak loads. Few pre-
war stations have their ongmal turbines or generators, but 2 number have
been re-equipped, with the resule that it has been possible o reain the
huﬂiiiugs. Many of these stations, erected b}r the old private supply com-
panies, had disanetive architectaral styles and detailing and, being built in
a period of general depression, represent some of the lfew large-scale
examples of building and engineering devign of their period. The most
disuncuve feature i the majonity of modem power stations s the hyperbolic
concrete cooling tower, which enables condenser coolint water to be re-
wined to source, usually a river, at an acceptable temperature. The first
concrete coahing towers in Britain still survive at Lister Drive power station
m Liverpool (100/5] 387917); they dare from the mid-19205 and appear
nunute by the standards of ther majesne Trent valley successors, Other
garly towens may be seen at Croydon "A’ power station,

Efforts are now being consciously made to preserve aspects of the electniciry
supply indusery, and a museum may eventally be ser up 1o preserve
important items of generating, transforming and transmission equipment.
Numerous extsting tmseums contain small electrical items such as early
dynamuos, motors, lighting and switchgear. Appropriately one of the largest
collections is in the Newcastle-upon-Tyne Museum of Science & Engincer-
ing, where the work of C, A. Parsons, J, W. Swan and A. C, Reyrolle is
well represented. Here, insulaton, sections of cable, arc lamps and early
incandescent bulbs abound. The most comprehensive range of material,
however, is in the Science Museum. South Kensington.
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URBEAN TRAMWAYS

The availability of elecericity and of efficient elecrric motors encouraged a
mode of transport that had been developing since the 18605 m a number of
British towns. Initially horse<deawn, the street tram had been mtroduced
from the United States to Birkenhead in 1860 by George Francis Train,
who laid 3 3ft 2in gauge line with Hanged rails from Woodside Ferry to
Birkenhead Park, then a fashionable residential area. Other lines followed,
ncluding a route in London from Notting Hill Gate to Marble Arch, but
maost had been removed by 1862, largely because of the damage the up-
standing edge of the 'step rail” was causing o the tyres of horse-drawn
carnages. However, grooved rails and flanged wheels were substituted in
Birkenhead and on another line in the Pottenies, and proved highly success-
ful. By the late 1860s the horse-drawn tram was becoming accepted as an
efficient meany of moving people in town streets, where a pair of horses
could haul & rramcar seating forty=six and having the low rolling resistance
of the rail-bome vehicle, while the mraditonal bus with two horses was
limited to about twenty-six scats. There is little material evidence surviving
today of the early period of tramway development, although Hull Transport
Misseum has 2 single-deck horse ear of the type used by Train which was
built in 1867 and ran on Ryde pier i the lsle of Wight.

Legtslation allowing the widespread growth of street tramways came with
the Tramways Act of 1870, which, in terms of the development of efficient
and coordinated systems, was something of 3 mixed blesing, Two clauses
in particular penalised the new trani-operating companies, Nor only did they
have 1o lay and maintm their own wracks but they were also responsible for
the road surface between the rails and for tit 6in on cach side of them. In
addition the local authority had the power to purchase the whole system
after 21 years, a tight which then recurred every 7 years. This, not un-
mnu?. discouraged the tramway openators from installing CXPEnsive new
capital equipment, for much expenditure would immediately make theie
takeover more attractive. The ultimate result of this bizarre state of affairs
occureed in Bristol, where primitive open-top double-deck trams were sull
m use until the early 19408, when they were repliced by buses. Bristol is
still the only major Britsh city without municipally owned transpore.

Generally speaking, tramways were taken over by local authorities in
the late nincteenth and carly twentieth centunics, although by then it was
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often too late to develop any integrated inter-urban system on the
American pattern because of gauge variations, though a surprisingly wide
coverage was attained in Britain, By far the most popular was the standacd
it 84in used on railways although an ingenious variation found only in
Glasgow, Huddersfield and Portsmouth involved a gauge of 4ft 78in.
The reason for this was that conventional railway wagons could be run on
the street tram tracks, thus giving them access to numerous industrial
undertakings not normally enjoying a rail connection, but as the depth of
flange on a railway wheel is greater than the depth of groove in a tram rail
and the width of wheel tread substannally wader, the fin reduction in gauge
allowed railway wagons to run on their wheel flanges along the Hangeways
of tram tracks, Elsewhere narrower gauges were used, 3t 6in being universal
in and around Birmingham and 4ft in the Potteries and north Staffordshire.
One of Birmmgham's narrow double-deck electric cars 15 preserved in the
Birmungham Museum of Science & Industry, Newhall Street, Birmingham
i,
In 1879 mechanical power was permitted for trams under the Use of
Mechamcal Power on Tramways Act, bur such severe restnictions were
imposed for the protection of other road users, human and equine, that
really imaginative developments were stultified at source. Despite the fact
that romph was the maximum permitted speed, that all working pares
had to be concealed from view and that machinery had to be pracucally
silent, with no visible emission of smoke or steamn, firms like Merryweather
and Kitson produced reasonably successful steam engines for pulling trailer
cars, A preserved example, from Portstewart in Northern Irclind, can be
seen m Hull Transport Museum.

Electrification came in the 1880s in an experimental way and by the late
18903 had proved itself beyond all doubt as the best means of powering
tramcars. Ar the start of large-scale elecinfication, in the late 1880s, there
were some 800 route miles of ramway in Britaim, and this had increased to
1,040 by 1900, the larger part still being horse- or steam-worked, Between
1900 and 1907 electric lines boomed and a total route mileage of 2,530
had been reached by the outbreak of World War 1, the lhigh point of the
rAmway era.

American practice considerably influenced the widespread development
of electric ramways in Britain, although most of the initial experimental
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wark had been carnied our in Germany by engineers such as Werner von
Siemens and Magnus Volk. Volk came to Britain in 1883 and built 2 2ft $4in
gauge electric failway along the seafront at Brighton from the Aquarium
(182/TQ 316038) to Black Rock. This odd linle line, which stll runs,
vepresents the firse use of electric traction in Britain. Street trams proper
operated at about 600V DC, with current usually supplied to one (positive)
wire and, after passing through traction motors and lighting, being returncd
to the power station through the (earthed) track rails, Trams had four wheels,
with two axle-mounted morors, but later large cight-wheel bogie cars were
mrroduced, notably in London, Glasgow and Liverpool, Current collection
was wanlly by trolley poles, bur Glasgow and Leeds and some Birmingham
routes employed bow collectors, which obviated the needs for complicated
pointwork in the overhead wiring. In parts of London 3 conduit between
the rails carried the current.

The period from about 1900 to the outbreak of World War 1 in 1914
was the golden age of the tram, the first form of urban transport accessible
to the mass of the population. It was a harbinger of social change, continuing
and developing the work begun by the suburban railway services in enabling
peaple to move easily and cheaply between industrialised aress and their
homes in more pleasint surroundings. Every major town had a tramway,
ond m Lancashire and Yorkshire particularly, end-on  junctions of
nnunierable independent systems enabled the diligent traveller with an eye
t econommy rather than speed to make quite lengthy excursions. Thus the
Pier Head in Liverpool could form the start of a tram journey into the upper
Pennines beyond Rochdale by way of St Helens, Atherton, Bolton, Bury
and Heywood. Seven miles over the top was Hebden Bridge, terminus of
the West Riding network. running eastwards ro beyond Leeds and Wakefield,
Suburban housing estates developed along tram rouces, and cities like
Glasgow, Birmingham and Liverpool still reflect their one-time dependence
on trams in the wide central reservations of their main road approaches,
which once enabled trams o run completely separated from road traffic.
It was the incompatability of the tram with motor vehicls and its lack of
H-l:xtbﬂ.tl.‘}' when oump:n:d to the bus thar led to its decline and evenrual
extnction. In addition the high cost of maintenance of track and overhead,
and the very low operating costs of the diesel bus, which began rapidly to
replace its petrol-driven predecessor in the late 19308, made the tram in its
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traditional form largely redundant, A few cities, notably Sheffield and Leeds,
began programmes of tamway modernisation, with ideas of developing
high-speed reserved-track systems, but changes of management and of
political complexion killed these schemes and 1963 saw the last of Briain's
trams withdrawn from the streets of Glasgow. Only in Blackpool can a
near equivalent still be found, with streamlined single-deck cars aperating
along the seafront.

An nterin phase berween the tram and the complete domination of
public road transport by the diesel bus has also recentdy come to an end with
the withdrawal of the last trolleybuses in Bradford, which, with Leeds,
had been the scene of the firse regular services in to11. Of German origin
the “railless ram’ had the artraction of manocuyrability in restricted town
centres, quictness, speed, and in later years temarkable acceleration.
Numerous ram systems were abandoned in favour of trolleybuses in the
19208 and 19305, and new routes were being built well into the 19505 in
several cities. Again, however, some of the shortcomings of the tram applicd
to the electric bus, the cost of overhead wires and pomtwork in particular
leading to their abandonment in favour of high-capacity diesel buses, now
often operated by one man only. Today no trolleybus systems are working
i Britain, although at least two operationsl museams are proposed and
individual vehicles are preserved, notably ar Bournemouth and Bradford,

Trams have always enjoyed a large enthusiast following, and ar Crich in
Derbyshire (111/SK 345548) the Tramway Museum Soclety operates a
thriving museum where over forty cars from places as far aparr as Glasgow,
Sheffield, Southampton, Johannesburg and Oporto are preserved, many
of them in ronning condition. A regular service is operated on a 4 mile
rrack. Museums with collections of non-operational trams include the
Glasgow Transport Museum and the London Transport Collection at
Syon Park,

The pertiod from the 18705 to 1914 tepresented the great age of public
transport, and the tram and cheap-excursion train gave millions of people a
mobility completely unknown before. Although the tram has disappeared
and relatively fow people go to the seaside by cheap-day excursion, a
surprising number of working reminders of this pre-sutomobile age still
survive. In the Isle of Man horse trams, introduced in 1876, still operate 4
summer service along the front st Douglas, providing a connection at
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the northern terminus with the Manx Electric Railway, 3 3ft gauge rural
mamway running (o Ramsey, This iself connecs with another electric
line that connects Laxey to the summut of Snaefell. In North Wales a cable-
operated 3ft Gin gauge tramway, opened in 1902, runs from Llandudno
(107/SH 777827) to the 67oft summit of the Great Onne. Further south
the Farbourne Railway (116/SH 615128) in Merionethshire, 4 1ft 3in gauge
steam-operated miniature line, occupies the trackbed of a horse tramway
opened in 1916 ro connect with lerries across the Mawddach estuary.
Evidence of urban tramways is rapidly disappearing, although a large
number of bus depots are merely wram sheds with the tracks removed.
covered up or, occasionally, left in situ. A firie example of the smaller tram
shed, with 2 section of 3ft Gin gauge track in front of it, can be scen near
Chester General railway station (109/S] 413668), while on the forecourt of
Ashby-de-la-Zouch staton (121/5K 355164) s the terminus trackwork of
one of Britain's few real inter-urban lines—the Burton & Ashby Light Rail-
way, operated initially by the Midland Railway and abandoned by the LMS
in 1926, In London the Kingsway Tramway Subway (160/TQ 10s817),
built for smngle-deck cars i 1905-8 and deepened to take double-deckers
m 1930~31, has been partially converted mto a twio-lane underpass. A rare
survivor i Liverpoal is a section of horse-tram tmack in Queen Square
(100/5] 346906) whose unusual features are 3 centre flangeway with a section
of tread om each side (instead of the normal side flangeway) and rail joints
made at an angle 1o reduce noise and wear. In nany towns where trams were
used in narrow streets the overhead wires were supported from buildings
rather than from poles, and the cast-iron wall rosettes from which they hung
can still be seen. They were particularly popular i Glasgow. In Liverpool

a highly decoranve roserte incorporating the city's emblom—"the liver
bird"—can still be seen here and there,

MISCELLANEOUS PUBLIC UTILITIES

Numerous other public utilitics provide the industrial archaeologist with
fragmentary evidence of their development, althongh generally such
evidence is on display in 3 museum tather than still in use. The introduction
of the penny post by Rowland Hill in &40, the first efficient large-seale
postal service in the world. led to the building of post offices in all towns and
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many villages, and to cast-iron letterboxes appeaning throughout the
country, These have for long been objects of grear affecrion, particularly
the pillarboxes which appear in a variety of forms and bear several makers'
names. The attractive "Penfold’ hexagonal boxes are relatively commaon,
but less so are the dignified fluted pillarboxes found in Malvern, Worcester-
shire, and the magnificently crowned 'Liverpool speaials” introduced in the
t860s to provide additional capacity for newspapers. A good example
of the later will stands on Edge Lane, Liverpool. Railway stations are 4
good source of early and unusual boxes.

The introduction of the successful elecenic telegraph in Britain, after many
years of experiment, parncularly in Germany, resulted from the collabora-
aon of two complementary figures—the far-secing William F. Cooke (1806
79) and the ingenious Charles Wheatstone (1802-75}—who installed 3 direct-
reading system using five wires along the main line of the Great Western
Ratlway between Paddington and West Drayron o 1839, Deflection of the
needles on the telegraph instrument enabled any one of tweney letters o be
indicated, but the high cost of laying five wires resulted in two-needle and
even single-needle instruments being wsed on railways, where codes counld
be used. The best known of these telegraph codes, now the standard, was
devised by the American Samuel F, B. Morse (1701-1872). The Science
Museum has a fine collection of telegraphic equipment, including a remark-
able two-needle mstrument in the gothic style for use in the Palace of
Woestrminster. The railways, which benefited directly from the introduction
of the electric telegraph, became rapidly transformed in appearance, poles
and wires following virtually every ling, Indeed the milway was fundamental
to the success of the relegraph system, as it could supply ready-made routes,
with no problems of wayleaves for poles and wires, along which a nation-
wide all-purpose communications network could be built, Thus the social
changes the railway had helped to ereate by increasing the mobility of people
were furthered by a new demand for the sending of personal messages.

The electric telegraph, perhaps the least recognised but certainly one of
the most important nineteenth-century innovations in communication, was
not in fact the first form of welegraphic system to be used regularly in Britain.
There was, of course, the sixteenth-century system of hilltop bonfires,
which gave warning of the approach of the Spanish Armada; and in the
1790 a series of hilltop telegraph stations were built to connect the Admiralty
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in London first with Deal and later with Porsmouth, Yarmouth and
Plymouth. Initially shutters were used to transmut messages, but semaphore
arms later replaced them. Today a number of stations remain, such as that
on Chatley Heath, Surrey (170/TQ o80585), built in 1823 to replace an
earlier wooden structure. Elsewhere the name Telegraph Hill is 2 common
reminder of the system, while the sign of “The Telegraph' inn on Putney
Heath (170/TQ 233737) illustrates clearly the earlier signalling equipment.
The London to Porsmouth telegraph, the last in use, fmally closed on 31
December 1847,

The electric twelegraph was to a great extent superseded, at fist over
relanively short distances, by the telephone developed from German experi-
mental beginnings by Alexander Graham Bell (1847-1922) m America and
patented in Britain in 1876, The first telephone exchange was established
by a private company in London in 187y and athers quickly followed.
Inter-urhan lines were established and 3 countrywide network grmadually
developed, most of it i the hands of the National Telephone Company.
In 1912 the General Post Office acquired all private telephone systems,
with the exception of one that still operates in and around Kingston-upon-
Hull in Yorkshire. The rapid rate of development of relephony, particularly
since the introducnion of subscriber trunk dialling m the 19508, has resulted
in most carly exchange and tramsmission equipment disappearing, although
numerous carly handsets survive, Micro-wave transmitting, relsy towers
and multi-core cables have almost completely eliminated the poles and
wires which were a featare, particularly of the Great North Road, in the
inter=war period. The telephone kiosk, however, is sill a link with the
earlice days of the public telephane service, a distinguished pieee of industrial
design in cast iron by Sir Gilbert Scott (1880-1960), whose betrer known
works include Liverpool Cathedral, Batterses power station and Waterloo
Brdge.

The beginnings of modem fire-fighting by an organised fire brigade can
be found in the first fire insurance companies set up in London shortly
after the Great Fire of 1666, By the end of the eighteenth century almost
every town and county had its own insurance company, same of which, a8
a result of their very direct pecuniary interest in reducing losses by fire, were
beginning to operate their own fire-fighting forces. These compamies issued
plates to mark the properties msured with them, and many plates survive,
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illustrating the large number of companics, Fire engines, in the form of horse-
drawn hand pumps, were used and numerous examples, mainly dating from
the mid-nincreenth century, can be found i museums: An unusual small
type of ‘fire engine’, developed by the Merryweather company, consisted
of a manual pump with four carrying handles, which could be used in
factories or country houses, An example can be seen in the Glasgow Museum
of Transport. The replacement of manpower by steam was an obvious
development, but initially this was only for powering the pumps. Throughout
the second half of the nineteenth and well into the twentieth century the
standard large fire engine, weighing up to 4 tons, was drawn by horses and
had its pump powered by steam. Numerous examples of these engines,
notably those built by Shand Mason and Merryweather, have been preserved
in museums, Although selfpropelled steam puaimps had been wied, they
were too heavy and cumbersome to be a success, and it was not until the
carly 19oos that the fist petrol-driven fire engines began to supersede
horse-déawn ones For a short tme petrol-engine-propelled fire engines
with steam pumps were used, but before 1910 both road wheels and pumps
were beng powered by internal combustion engines, OF all the types of
public service appliance, the firc engme has had greatest popular appeal,
and large numbers are preserved m museums throughour Bricain, They can
be scen on display at Bristol, Glasgow. Leicester, Liverpool, the London
Science Miseumn and Swindon, to name but a few. In Norwich the Norwich
Union Insurance Group has 3 small museum relating to its work in fire
insurance, Early fire stations, some with stables, bell turrets and smoke vents:
can still be found, and deserve attention from the industrial archacologist.
The whole technology of built-in systems of the sprinkler type and suto-
matic alarms is another area needing recording and documenration.
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ROADS

The development of the road system was mumately ted up with the growth
of scttlements, and early roads were simply paths from one village w
another. They took the easiest, usually the driest, route, avoiding steep hills,
dense woodland or land under crops. With the exception of Roman roads
and new motor roads mamly built in the last 30 years, almost all the roads
along which we travel today have their origin as primitive paths in a period
when long-distance overland travel, let alone the wheeled vehicle, was
virtually unknown.

A road, theoretically, is not a strip of land, but a right of passage and,
during the Middle Ages, the keeping open of a way passable for travellers
on horseback and for trains of packhorses was accomplished with varying
degrees of smccess under manonal jurisdiction. As trade increased with the
widening of the known world at the end of the fiftcenth and the beginning
of the sixteenth centuries, it became difficult for the roads to cope with the
mereasing traffic ospecially wheee this increase comcided with the breakdown
of the manorial courts. A tenant who had recently secured hus freedom from
the agricultural and other servile duties imposed by customary law could
hardly be expected to agree willingly to an increase in the amount of labour
and time he spent on the highways of the manor.

This common law lability on the mhabitants of cach parish to keep their
roads in good repair was remforced m 1555 by an Act of Parliament for
the mending of highways'. Under the Act each parish had to choose annually
a surveyor of highways, or waywarden, who was given power to call out
the available labour of the village or town 1o work on the roads for 4 days
per year. With varions amendments, such as increasing the period of statute
labour 1o 6 days and the granting of powers to levy rates up to 6d in the
pound, the 1555 Act remained the basis of highway admmistration for
nearly 300 years.

In some panshes this system worked fairly well, Where the roads of a
parish were used by the inhabitants only, they received some attention in

16
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turn, although perhaps not every year. When John Smith was waywarden
he would naturally devote most time and labour to the roads he used, and
perhaps neglect those used by Thomas Brown. But Thomas Brown would
probably be surveyor before long, so things would even themselves out. In
some parishes, however, a trunk route berween two large towns might
follow 4 parish road, and excessive wear and tear would result. In others a
main road might cut across the comer of a parish, and although it would be
used by long-distance travellers, its maintenance would still be the respon-
sibility of the parishioners. In thesc situations the system of parish road
maintenance fell into disrepute. On a porous, well drained subsoil heavily
used but lictle cared for roads might stand the strain, bur where the soil
was of clay the road inevitably became, in the words of the nime, ‘deep and
foundrous’. Stones might be laid on the surfice but would soon sink into a
sea of mud, to be followed by the wheels thar rolled them in, Horses died,
bogged down to their shoulders in mud. Roads were in places 6o-100yd
wide where travellers had arempred to skice a treacherous arca. As many
as ten horses or oxen might be required to move a load of 1-1} tons over
heavy ground. In winter, haulage of heavy loads stopped alrogether. In the
carly eighteenth century Daniel Defoe noted that it tock 2-3 years to move a
large tree trunk from the neighbourhood of Lewes to Chatham dockyard.
A few miles would be achieved each summer, with as many as twenty-two
oxen pulling the tree on a vehicle known as a tug, but by September the
roads would be so soft that the journcy would have to be abandoned until
the following June.

It was these circumstances, repeated in greater or lesser degree all over the
country, that led to the first turnpike Acts, under which rolls could be levied
to repair the roads. The prnciple of making travellers pay a conmribution
towards the upkeep of the roads and bridges they used had been established
as early as the twelfth century, some 400 years before the birth of the
turnpike system. Grants of ‘pavage’ were made for the upkecp of roads and
streets, and of ‘pontage’ for the construction and repair of bridges, usually
by the king, to lords of manors or heads of religious houses, enabling them
to collect tolls in specified areas. In 1279 Edward I granted pontage for 3
years to the ‘bailiffs and good men’ of Huntingdon, empowering them to
colléct tolls for the upkeep of the bridge. The great bridge ar Swarkeston
in Detbyshire, a fine surviving cxample of a medicval bradge (121/5K 369285),



118 ROADS AND BRIDGES

was the object of smilar grants in the reigns of Edward 11 and Edward 1L
These grants may be called the forerunners of the tumpike Acts of later days,
bue they did not form the genesis of the system.

The first turnpike road resulted from an Act passed in 1663 empowering
the justices of Hertfardshire, Huntingdonshire and Cambridgeshire to erect
a gate in each county and levy tolls on the Great North Road. No further
turnpike Act was passed until 1605-6 when Acts for the London ro Harwich
road and a section of road between Adlebarough and Wymondham near
Norwich were placed on the statute book. Increasing numbers of Acts
followed in succeeding years, but 1706-7 established a precedent that was to
become standard for all furure rurnpike roads. Instead of the local justices
being empowered to become the road authority, a body, consisting usually
of local gentry, was set up to act as tumpike trustees. In all css where a road
was turnpiked the initiative was local. Parliament did not deaide that certain
stretches of highway were more n need of extra care than others, but local
people, interested in certam parts of the roads, formed themselves into
committees, subscribed the legal expenses, petinoned Parliament, and, having
obtained their Acts, became the trustess.

The key to the functioning of a tmpike trust was its power to raise tollx
At first toll lists were simple, but they gradually becanie more and more
complicated as differential charges were introduced and various restrictions
and allowances were made for wheel width, wheel consteuction, weighr of
lading, and number of draught beasts. On a few points there was general
agreement between one trust and another. No tolls were levied on foot
travellers, and tolls charged by the Acts were maxima, which could be
lowered, but not raised, at the divcretion of the trustees. The charges for
horses, without vehicles, whether led, driven or ridden. varied between
4d and 2d cach. Catde were generally charged 104 per score, and sheep and
pigs sd. The greatest variation occurred in the schedules of charges for
vehicles, some forty separately idenufiable goods and passenger vehicles
appearing in the toll lists of the vanous Acts. In 1753 an Act prohibired
the use of wagons with wheels less than 9in wide, unless drawn by oxen or
less than five horses, and 2 years later another Actallowed 3 years' cxemption
from tolls for wagons with gin wheel. In 1765 preferenual trearment was
given to wagons with the fore wheels on shorter axles than the rear wheels,
on the grounds that a greater width of road would be effectively rolled,
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and in 1774 wagons with 16in wheels or rollers were given complete freedom
from tolls for § years,

The pertod 1750-80 saw the greatest geographical expansion of turnpiking,
although mileage increased at a slower rate down to the late 18305, Ar this
peak period most main roads, especially in England, were under the care of
nearly 4,000 trusts whose responsibility covered some 22,000 miles of road
out of an estimated total of 105,000 miles. Turnpikes were most numerous
in heavily populated industrial arcas, counties such as Suffolk and Essex
having only sonie 10 per cent of their roads under trust maintenance. All
other roads were still, of course, the responsibility of the parishes, and were
generally in a poor state. It was not unel 1835, after nearly 300 years, that the
statute labour basis of mamntenance was replaced by a ratng system, with
parishes formed into districts each covered by a district surveyor.

Throughout the eighteenth century highway legislation had been based
on the supposition that it was impossible to keep roads in good repair
without restrictions on the types of vehicle usmg them. Hence the idea
prevailed that cares and wagons could be so constructed that they repaired
rather than damaged the roads, with comequent agitation for hroad rollers
rather than wheels. At the root of all this was a fundamental lack of knowledge
of any systematic or scientific approach to the construction or mantenance of
the roads themselves. Credit for the introduction of new roadmaking tech-
niques which, as the timings of the mail coaches indicated, revolutionised
toad travel, must go to three men—"Blind Jack” Metcalf, John Loudon
Macadam, and Thomas Telford. John Metcalf (1717-1810) was born at
Knaresborough, Yorkshire. He had been musician, jobmaster, fish dealer,
recruiting agent, hosiery merchant, horsedealer, and possibly trader in
smuggled tea before he took up roadmaking, with a contract to build some
3 miles of the Boroughbridge to Harrogate road, turnpiked in 1765. Blind
from the age of six, Metcalf had an uncanny ability to assess the lie of the
land and determine the most favourable route across it, gaming a picture
by extensive walking or riding. When he retired in 1792, he had improved
some 180 miles of road for 3 score or so of trusts in the Weat Riding of
Yorkshire, south Lancashire and north Derbyshire. Metcalf was the firse
of the great road engineers to appreciate the need for a well drained, firm
foundation. A smooth convex surface of stone and gravel was laid over
bundles of ling or heather set on a foundation of prepared subsoil. Ditches
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on etther side of the road, which was elevared between them, ensured the
surface would be free-draining. This was a great advance in roadbuilding
technique over contemporary practice, and although the amount of road
he improved was relanvely small, Metealf's contribution was of fundamental
significanee.

Macadam (1756-1836) and Telford (1757-1834) were almost exact
contemporanies whose chief work dates from a hittle later than thav of 'Blind
Jack®. Macadam's name is assoctated with the system of road surfacing using
broken stone instead of gravel rather than the variations of his method that
bear his name today, His plan was as follows: "Now the principle of road-
making I think the most valuable, is to pur broken stone upon a road. which
shall unite by its own angles, 50 us to form a salid haed surface.” This material,
no stone of which was to exceed oz in weight, was to be laid o & depth
of about 1oin and be well consolidated. He did not care parncularly what
lay imderneath, argumg that a subsoil base drained by side ditches and
protected from rain penetration by a sound surface would support any
weight. Great care had to be exercised i breaking stone for Macadam's
roads, He imsisted that surveyors trained m his system should be equipped
with a pair of scales and a 6oz weight, or a 2in mewl ring through which the
stones had to pass. A 6in layer of these angular stones was laid a5 evenly as
possible, followed by a further 6in soimne weeks later when the fust hid
consolidated under traffic. A surface 18ft wide cost m the region of £88 per
mile.

The relative cheapness of the Macadam system led to its adoption by the
majority of turnpike trusts. By the late nineteenth century ‘watcr-bound
macadam’ road was almost universal throughoot Brirain, and the name of its
mventor had become part of the English linguage. Macadam himself be-
came surveyor of the Bristol Trust in 1816, and by 1819 the 180 miles of
road of this largest tumpike trust in the country were alecady well known for
their admirable state of repair. The fact that, once unproved, 3 macadamised
road demanded much less mamtenance than other roads anracted many
trusts. Macadam was appomted Surveyor-General of the Metropolitan roads
in 1827, and he and nomerons members of his family advised dozens of
trusts up and down the country in succeeding years,

Thomas Telford was.one of the grear civil engineers of his generation,
a famous bridge and canal builder but mainly memorable perhaps as an
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improver of roads. The son of a shepherd and trained ongmally as a stone-
mason, Telford was appointed Surveyor of Public Works for Shropshire m
1787, Besides undertaking a prodigious programme of bridge building,
he gained wide experience of road work both in Shropshire and, later, i the
Highlands of Scotland, where he built or improved many hundreds of
miles of road as part of a scheme to bring life back to that depressed and
depopulated region, Telford's system of road construction was similar to
that developed in France in the 17705 by Picrre Tresaguet (1716-94). It
consisted of laying a solid course of large stones on the prepared and level
bed of the road ‘in the form of a close neat pavement’, Over this was laid a
¢in spread of hard broken stones, each as nearly cubical as possible, and on
top of this again a 2in top layer of gravel. Grear carc had to be taken in
laying the stone foundation and in applying the top surface of gravel. with
its precisely specified 1 in 66 fll from the crown to the sides of the road.
The cost of Telford's roads was relatively hugh because of the heavy founda-
tion, and s a result they did not find as much favour as Macadam’s ‘clastic’
system.

Nevertheless in 1815, when the Holyhead Road Commission was set up,
Telford was called on to survey the route and engineer a new and efficient
road out of the chaotic situation administered by nio less than ewenty-threc
separate turnpike trusts. South of Shrewsbury the major improvements
consisted largely of casing gradients and building short by-passes to avoid
natraw sections in villages. In Wales, however, a much niore radical approach
was needed, and the road as it stands roday is a remackable ribute
Telford's engincering skill. West of Bettws-y-Coed the existing route wound
north along the Conway valley and then west beside the coast to Bangor.
Even today the section of this old road through the Sychnant Pass (107/SH
750770) between Conway and Penmacnmawr i formudable; ro the carly
mail coaches it was often impossible. Telford surveyed 2 new route westward
from Betews-y-Coed that included a winding ascent up the valley of the
Llugwy to Capel Curig, 3 spectacular fear of road enginecring rendered
almost ordinary by the section which follows—from Liyn Ogwen through
the Nant Ffrancon Pass. Here, without involving a gradient steeper than 1
in 22, Telford carefully edged his alignment up the steep side of the glacial
valley towards its head, This is the real civil engmeering that distinguished
Telford from most contemporary road improvers, who did hrtle more than



laz ROADS AND BRIDGES

remodel the surface of the existng alignment.

It is worthwhile reviewing the impact of tumpiking, its decline, and the
remains of the tumpike era the industrial archacologist can find on the
ground today, Despite the obvious benefits, the new restrictions of gates
on the "King's Highway' were not without opposition and riots eceurred in
a number of places Around Bristol m the 17308 and 17408 collies from
south Gloucestershire and farmers from north Somerset destroyed gares and
burned tollhouses. In South Wales, too, farmers resisted rumpiking with
force as late as the 1840s. This was the period of the ‘Rebeces Riots', when
gangs of small farmers, whose hardships resulting from economic depression
were aggravated by the tolls, mamed Pembrokeshire and Carmarthenshire
destroying the tollgates. The mob was usually led by a man in woman's
clothes, named after lsaac's wife “Rebecea” from Genesis, who receives the
promise that her seed should passess the ‘gate” of those who hate her. These
local difficulties were usually shortlived, however, and the increasing number
of travellers and carricrs had by the 18205, when Macadam’s and Telford's
nnprovements had become widespread, every reason to bless the new roads
and their superior surfaces. For the first time for nearly 2,000 years the speed
of long-distance land transpart in Britain was limited by the capacity of
the horse rather than the condition of the road. In 1784 the introduction of
tightly scheduled mail coaches permirted the traveller to reach Birmingham
from London in tahr and Exeter in 171he. By 1834 English coaches drove
at an average speed of g-1omph, only the severest winter weather causing
dislocation of their services.

Generally speaking, 1t was not until well into the ralway era that the
rumnpike eruses began to suffer financial difficulties, and at first some of them
actually benefited from traffic attracted by the new lines. By the late 18408,
however, some trusts were appealing to the local justices for rates to be levied
for the upkeep of roads, and im 1857 insolvent trusts were allowed to apply
to the Sccretary. of State for provisional ordess w reduce interest and ex-
tinguish arrears. Throughout the 18605, 18705 and 1880s, the tumpike system
wasabolished as the various Acts expired. Most of these Acts were for specified
periods, usially 21 years, and then subject to renewal. After 1831 this renewal
became sutomanc under the terms of the Annual Continuancs Acts, which
extended for + year all Acts due to expite. An increasing number of trusts
asked for their Acts to be excluded from the annual continuance process
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and in 1895 the last umpike Act expired. The system had taken 232 years
to grow, Aourish briefly, and expire, and with its expiry came something
of & decline in the standard of rural roads,

Vistble evidence of turnpiking 1 still surprisingly common throughout
much of Britain, Nothing much survives of the toll roads themselves,
.',itiu'-u:_.;]t .1;';_'.1_-,::\11.1“5' ruul.l l.'.':‘-rkh may lct‘r.1! an L‘:iﬂ‘_- ninéteenth-century
surface buried in the foundations of its modern counterpart. Similarly, and
for obvious reasons, the. gates have disappeared. There are, however, many
hundreds of tollhouses and milestones and, bere and there, signposts also.
Most tollhouses date from the early nmeteenth century, and frequently
have a form which makes them mstantly recognisable (Plates fia and 63).
I'he halt-hexagonal end with windows giving a view in cach direction down
the road, the hipped roof often with a prominent ov erhang to the caves, and
the ares of wall above the central window where the tollboard would
ongmally have hung, are all typical teatures. Few tollhouses still have
their boards MNotable c'!-..nlﬂph‘\' which do are 1o be found at Steamor Bortom
Bar, Todmorden in Lancashire {inhl_.'\-.l) thIIJH] at the junction of Calder-
brook Road and Rochdale Road, and on the Holyhead Road at Llantair PG,
Anglesey (107/SH $32715). The latter, a Telford tollhouse, has the veranda
that typified a number of his other tollhouses and appeared less frequently

62 Tollhowse at the cast end of ."«-{:.'I:h: Bridge, I'ewkesbury, Glouscestershire




63 Tollhowse ar Keswick, Ciunberland

elsewhere, as at Ashron Gate, Bristol (1¢6/87T 573717). A slate tollboard from
a demalished tollhouse & mounted beside the AS(T) ar Shardlow, Derbry-
shire {121/SK 442303); nearby arc the abutments of the bridge across the
Trent, swept away by floods in 1947

The erection of milestones was a satory responsibiliey of the turnpike
trusts, dlthough as early as 1698 parishes had been required to put signposts
at crossroads. Few of these later survive b long runs of milestones can
still be seen, often beauntully maintamed by the county highway authorities,
Many trusts had disnnctive patterns, Telford designed his own milestone for
the Holyhead road—a chamiered taperng stone with 3 cast-iron plate.
Others were made entirely of cast fron and trequently had a 'V* plan to nake
for case of reading, A fine example by L & F. Thomewill of Burton-on-
Trent, dated 1828, 1 on show ar the Staffordshire County Museumns,
Shugborough (119/5] 9p1224), ane of 4 seris on the AsolT) berween
Utoxcter and Newcastle-under-Lyme, of which many survive i sifi.
MNumerous examples of the similar ron posts erected by the Bristol srust
can be seen along the A38(T) between Bristal and Bridgwater, A distinctive
eylindrical type (Plate 64) again in cast iron, oceurs feequently in Derbyshire.
the roads from Leek to Buxton and Ashbourne cach having a substantially
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fig Cast-iron  milepost  at
Shardlow, Derbyshire

complete serics. Signposts are less comman, but notable examples include
the very fine cast-icon Doric finger post in Bristol at the junction of the
Bath and Wells roads (156/ST s09718) and the stone obelisk at Craven
Arms, Shropshire (129/SO 433827). Although these carly signs are reasonably
safe from destruction, more recent examples, erected in the present cenwury,
ate now becoming extremely rare and will almost certamly disappear with
metrication and the adoption of international symbols. Even rarer survivals
of the turnpike era, however, are the vehicle waghing machines introduced
after an Act of 1741 put a levy of extra tolls on carts und wagons laden
beyond certain specified limits. One at Woodbridge in Suffolk (150/TM
272491), opesated on the steelyard principle, may owe samething to the work
of John Wyatt (1700-66), 3 prominent designer of weighing machines.
The Woodbridge machine (Plate 66), mounted on the end wall of “Ye Olde
Bell and Steelyard’, is suspended by a hook from a large pulley-block which
is ieself suspended from another block housed under a small roof., A small
wooden platform is atrached to the massive cantilever bracket that carries the
steel yard, to enable the weighman to adjust the lead weight or poise and

jas



64 Cast-irown road sign
erected in 1g1y by the
Cheshire Automobile Club,

Prenton, Cheshire

so effect a balance. The yard 15 some 2oft long but the load and fulerum
centres are only 2§in apart

Although the introduction of motor vehicles brought about 3 new
revolution in road construction, various attempts to improve on macadam-
sation were made in the nincteenth cenrury. Tar was apphied as carly as
1845 in Notingham and in the 18708 in Shetheld and Liverpool, Aspluh.
a naturally occurring bitumen from Limimer in Hanover and later from
Lake Asphalt in Trinidad, was also used, initially for paving and subsequently
for road surfaces. Tar spraying of macadam roads was widely uduptcd asa
way of combating the dost caused by the suction cffect of ml:.l:cr-l::.';cd
vehicles, Road surfaces in towns were genenally made of granite setes after
the t830s. and huge quarries in Scotland, North Wals and Charnwood
Forest, Leicestershire, were opened to supply the stone. Laid initially on sand
and after abour 1870 on concrete; these setts are still common, particularly
in side streers, Sometimes they are laid in 3 fan pattern, as on the cab rank of
Manchester Central station (101/5] 837977). Wood blocks, with their ad-
vantage of quiemess, were used in many towns from the 18408 down o the
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66 Wagon-weighing machine
based on the steclyard prin-
ciple, Woodbridge, Suffolk

tg20s, but have now almost completely disappeared. Special tracks for
carts and wagons were frequently installed in dock areas. These consisted
of large, well fitted blocks of granite laid railway-fashion in two lines to
match the distance between the vehicle wheels, and separated by a band of
ordinary setts, In 1825 they were laid in Commercial Road, London; a
length in Exchange Street East, Liverpool, where the stones are known as
‘wheelers”, can still be seen.

Despite the massive modermsaton of roads in recent years, they still
provide a fruitful source of intcrest for the industrial archaeologist. Cast-iron
kerbs and gullies, bollards and street signs survive in profusion, as m High
Street, Dorking (170/TQ 166495), and more recent signs, often wvitreous-
eamelled, crected by the Automobile Assocation, Royal Automobile
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Club, Cyclists’ Touring Club and the various petrol companies etc, can
still be seen though in rapidly declining numbers.

BRIDGES

From the industrial archacologist’s point of view bridge building, so inti-
mately connected with the mumpike road movement, is a profitable area
of study, In the mid-cighteenth century bridges were still the exceptional
way of crossing large rivers, and many of thase that did exist were of medie-
val origine and o narrow for horse-drawn vehicles. Fords and ferries
predominated, and a large river like the Yorkshire Ouse, although having
some twenty ferries, had only one bridge. Indeed it was not until 1888 that
there was 4 general statutory obligation for public authorities to build
bridges. A few bridges were maintained before 1750 by county quarter
sessions or hundreds, but most were repaired by ancient and often inadequate
endowments. The General Highway Act of 1773 allowed magistrates o
make indictments in respect of bridges, which meant that counties were
ultimately held responsible for upkeep. In Scotland the state-aided Com-
mission for the Highland Roads, cstablished i 1803 and with Thomas
Telford as engineer, built some 1,200 in 25 years. With the rapid increase
n tratfic brought abour by tumpiking, and the demand for shorter routes, 4
period of major bridge construction began in the latter years of the eighteenth
century.

All bridges arc based on one or more of three fundamental structural
forms: the beam, of which the slab of rock or fallen tree munk are the
sumplest forms; the acch, in which the deck is supported by a structure of
wedge-shaped arch stones or voussoirs; and suspension, in which the deck
is lung by suspenders from a continuous cable. In cighteenth-century
Britain all unportant bridges were of the arch type, constructed on the
empirical evidence available from carlier bridge builders and from buildings
such as the great medieval cathedrals, At ths penod the first cheories of
arches were developed, notably in France where the Corps des Ingénicurs
des Ponts ¢t Chaussees under the guidance of Jean Rodolphe Perronet
(1708-04) was applying scientific techniques to constructional problems.
In Britain Roberr Mylne (1734-1811) carried out much of the pioneer work
on arch-bridge design, his first major work, Blackfriars Bridge, London,
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beinig completed m 1760, (Ie was teplaced by the present wrought-iron
structute in 1860.) In this bridge Mylne incorporated elliptical arches, an
innovation in Britin; inverted arches in the piers between the springmgs
of the two adjacent arches bearing on them; and the multiple or crocket
wedge support for the timber bridge centres, which enabled the centring to
be lowered gradually and any weakness i the arch irself to be detected at an
early stage.

John Rennic (1761-1821) is much better known, but may be regarded as a
suceessar to Mylne in the field of bridge building. Born at Phantassic, near
East Linton, some 20 miiles from Edinburgh, Rennie grew up in contact
with the crafis of millwrighting, blacksmithing, stoncmasonry and car-
pentry and learne much about them from one of his fathet’s tenants, Andrew
Meikle (1710-1811), the celcbrated mechamical engineer and windmill
improver. After an education at Edinburgh Universicy, which brought him
mnto contact with leading scientific minds, Rennie established himself as an
engineer working on canals, docks, steam engines, land drainage schemes,
roads and mills, as well as some notable bridges. His most famous masonty
bridges were Waterloo Bridge, London, completed n 1817 and now
replaced by a reinforced-concrete beam seructure, and London Bridge,
completed in 1831 as successor to the famous medieval bridge and now
removed to Havasu City, Arizona. The foundations of both these bridges
were on piles built within cofferdams. Rennic's Waterloo and London Brid-
ges, and his other Thames bridge, at Southwark, have all now been replaced,
but Kelso bridge over the River Tweed, his first major structure, still stands
at the southern approach to the town (70/NT 727336). It has five elliptical
arches, each of 7aft span, and was virtually a smallscale prototype for
Waterloo Bridge. Rennie's bridge-building abilities, like those of Telford a
few years later, stood him in good stead for his work on canals in which,
besides innumerable humble occupation crossings, mostly built to a standard
design, he was responsible for a number of aqueducts, including the spec-
tacular structure across the River Lune at Lancaster (89/SD 484638). These
will be considered in Chapter 14 His standard bridges may be scen in
profusion along the Lancaster Canal and the Kennet & Avon Canal. Most
have walls curved on plan, so acting as arches springing from the buttress
prers at each end; and in addition the walls are battered, making the whole

bridge immensely strong.
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Before turming to iron bridges, in which Rennie had been involved at
Southwark, a sumber of other surviving masonry structures are worrh
noting. In Chester, Grosvenor Bridge acros the Dee (109/S] 403656),
designed by Thomas Harrson ( 1744~-1820) and opened in 1832, has the
widest masonry span in Britain—200ft, with a rise of 4oft. The complete
arch has, in fact, 4 span of 230f1, a3 it extends into the abutments to carry the
thrust more effectively down to piling foundations. Harrison also designed
the elegant Skerton Bridge in Lancaster (89/SD 479623), Telford’s masonry
bridges never teached the stndards of structural elegance of his graceful
cast=iron bridges. His fiest major work, Montford Bridge (118/S] 433153) of
1792, carrying the Holyhead road over the Severn west of Shrewsbury, is
very much in the cighteenth-century elasscal tradition, but his next, Tongue-
land Bridge (8of/NX 693534) across the Dee near Kirkcudbright, with its
single p12ft span, is of comsiderable technical interest, Here Telford first
introduced hollow spandrels to lighten the load on the foundations, but,
mstead of picrcing with tunnels as Smeaton and Edwards had done, he
replaced the normal rubble fill with 2 series of parallel walls within the
spandrels themselves. Pierced spandrel bridges may be scen ar Pontypridd.
Glamorgan (154/ST 074904), built in 1755 by Willam Edwards (1719-80),
and Coldsiream, Northumberland (64/NT 848402), designed by John
‘Smeaton (1724-92) and completed in 1763, In the latter example the tunnels
are covered at the ends with ormamental discs. Returming to Telford and his
masonry bridges, Dean Bridge, Edmburgh (62/NT 243740), over the
Waters of Leith, completed m 1832, is perhaps his finest surviving stone
structure, while Over Bridge, Gloucester (143/50 817196), 5 intereting
for its ingenuity, The splaying of the 150ft span arch, m which the rwo faces
of the bridge are in effect chamfered 1o form ‘cow's homn voussoirs’, is
based om Perronee’s Pont de Neuilly over the Seine. Over Bridge is likely
to be demolished in the near future,

The completion in 1779 of the first metal bridge structare in the world.
the fron Bridge (Plate 67) over the River Severn near Coalbrookdale in
Shropshire (118/5] 673014), marked the beginning of the end of stone as the

67 The leon Eridge.m:hr&im&mhihmpth&c. Cast at the nearhy
:Wmhinlmthnwuﬂwﬁmmjordvﬂmgimingwkhﬂm
world i which ron played 2 structural role






68 The Iron Bridge. Detall of arch showing dovenailing of radial members into ribs

major bridge-building matenal. The Iron Bridge derives all its structural
principles fron its stone predecessors and is, in effect a natural succeisor to the
works of Edwards and Smeaton, who pioneered the reduction in self-weight

I-‘I{'

bridge structures. Like stone bridges, it has a compression arch, bur close
examination of the methods of construction reveals that techniques more
appropriate to timber fabrication have been used in its assembly. The various
components were designed to pass through one another and mortice or dove-
tail together (Plate 68), and are secured by wedges. No bolts or rivers were
used, The bridge has a span of rooft and the rise is 45ft. Thete are five main
ribs of 12in by 6din secuon and 7oft long, virtually hinged at the springing
and at the crown. They were cast in open sand moulds at the Coalbrookdale
works of Abraham Darby.

Credit for the design of what is perhaps the most Important monument
of the Industrial Revolution in Britain is wswally accorded to Thomas
Famnolls Pritchard (d 1777), 2 Shrewsbury architecr, who certainly prepared
drawings for a 120ft flatsarched iron bridge as early as Ocrober 1775, In
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6 Restoranon of the lron
Bridge. Excavauon of the
north sbutment and mser=
tionn of reinforeed concrete

strengthening

association with the ironmasters John Wilkinson (1728-1808) and Abrabam
Darby I (1750-91), Pritchard discussed schemes for a brdge, bur his death
in 1777 left the project ennirely in Darby'’s hands, Who was responsible for
the design of the 1779 bridge as comstructed remains, therefore, something
of a mystery.

There is no doube, however, that the Iron Bridge proved to be an in-
spiration to other civil engincers. Thomas Telford used iron for the bridge
at Buildwas, a few miles upstream from Coalbrookdale. The previous
masonry bridge had been swepr away by a food in 1793 and Telford
replaced it with a single won span of 130ft weighing 173 rons, in contrast to
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the 378 tons of the first 1770 iron bridge. Buildwas Bridge (118/S] 645044)
survived until 1906, when it was replaced by the present seeel strocture,

Mumerous designs for iron bridges were tricd between 1705 and 1820,
In 1796 a 236ft iron span was completed across the River Wear at Sunder-
land 1o the designs of Rowland Burdon, a local MP, who in the previous.
year had patented a system of construction involving separate openwork
cast=iron voussoirs held together with wrought-iron straps instead of the
ribs being cast complete, as at lronbridge or Buildwas. The idea was not
a complete suceess and two subsequent bridges buile at Staines; 1802, and
Yarm, 1804, collapsed soon after completion. Sunderland Bridge survived
for half a century before requiring substantial modification and eventual
replacement. Two brdges imcorporaung Burdon's patent still survive—
at Spanish Town, Jamaica, 1801, and Newport Pagnell, Buckinghamshire,
where Tickford Bridge (146/SP 877437) across the River Ouzel, completed
n 1870, still carries the heavy traffic of the Aso.

Open-frame voussoirs fell into disrepute as a result of these and other
collapses, and Coalport Bridge of 1818 (119/S] 702021} is an example of the
return to ribs cast in conplete seenons. There are few eighteenth-century
survivors of this type of construction; but those thut do exist usually have
charactenstic features suggestng that the founders had some infuence in the
design. Thus the spans at Cound, Shropshire (118/5] 556053), daved 1797
and presumably supplied to Telford, those at Bath over the Kenner & Avon
Canal (156/ST 758654), one of two supplied to Rennie, and those at Tewkes-
bury (143/50 8g3330), of unknown date. all have a diminishing circle
motif in the outer ribs of the arches.

By 1815 really large iron bridges were being buile, notably by Telford
andd Renmie. At Bertws=y-Coed (107/SH 709548) Telford's graceful arch
provides a splendid example of the ironfounders’ art. The ourside ribs
carry the legend, i finely proportioned openwork letering, Tims arcn
WAS Cqmum IN THE SAME YEAR THE NATTLE OF WATERLOOD WAS FOUGHT,
across the full width of the arch. In the spandrels are enormous heraldic
Howers—roses, thistles, shamrocks and lecks—a degree of decoranaon
seldom seen in Telford's work, The arch was cast by William Hazledine
at Plas Kynaston and erected by William Stuttle. Both their'hames are cast
uito the base of the balustrading. The Waterloo Bridge is surprisingly litle
known, perhaps because a good view of the arch involves scrambling down



70 Thomas Tellord's cas-
won brdge of 1814 acrom
the Kiver Spey at Cragell-
achie, Banfl

71 Cast-tron plaque Craigell-
achic Bridge: "Cast at Plas
Eynaston, Rusbon, Denbigh-
shire, 1814"
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the niver bank almost to water level. The effort is well worthwhile, how-
ever, and an examinanion of the underside of the arch reveals the sympacheric

ray i which it has been strengthened and widened without destroying
its origingl characrer, In Scotland Telford's magnificently sted bridge at
Craigellachie (20N} 285452). with iy ornamental castellsted towers and
1521t arch of trussed iron ribs (Plates 70 and 71), has also been carefully reno-
vated in recent years, using new components and epoxy resin adhesives.
Similar large, although less spectacular, Teltord bridges are Holt Flect Bridge,
Ombersley, Worcestershire (130/SO 824634): Mythe Bridge, Tewkesbury
(143/50 %88337); and Galton Bridge, Smethwick (131/SP o15804). Un-
fortunately John Rennic's masterpicce in cast itan, the 240ft span Sonthwark
Bridge over the Thames, built between 1814 and 1819, no longer survives.
It was replaced by the present steel-arched bridge in 1022,

The need for spans larger than were feasible even with cast-iron hnidges
became a real onc by the 18205, when the new roads and greatly increased
traffic crcated a demand for shorter and more direct routes, The suspension
bridge satisfied shis need, and wrought iron, becoming readily available as a
resalt of Henry Cort's pioneer work m the 1780s on the development of the
puddling process, meant that for the fivst time material exasted from which
suitable chains could be made. A number of suspension bridges were built in

72 Date plague, Prince’s Bridge, Salford, 1504
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south Scotlnd, The greatest, with a span of 30oft, was completed in 1820 by
Captain Samuel (later Sir Samuel) Brown, RN (1776-1842), and crossed the
Tweed ar Kelso. (It has since been demolished.) Brown had introduced the
chain cable to the Royal Navy and in 1817 took out a patent for wrought-iron
links which he incorporated in the Union Chain Bridge across the Tweed
near Berwick (64/NT 934511). Completed in 1820, this carliest surviving
suspension. bridge has a span of 361ft and an 18ft deck hung from twelve
wroughe-tron chains. Major repairs liave been undertaken on two occasions,
the first in 1871-2 by the Berwick and Notham and Islandshire Turnpike
Trustees and the second in 19023 by the Tweed Bridge Trustees; who now
care for the bridge. A steel cable has been added on each side above the
chains to help them support the platform. The wllhouse on the English
side has been demolished (the bridge was made free in 1883) but that on
the Scotrish bank, which once belonged to the Berwickshire Turnpike
Trust, stll stands.

In 1819 the Act was passed for building Menm Bridge (107/5H s356714)
to carry the Holyhead road from Anglesey to the mainland of Wales, les
designer, Thomas Telford, initially favoured a cast-iron arch construction
smilar to a scheme put forward in t8a1 by Renmie, bur Admiralty inststence
on unobstrucred naviganon through the Straits resulted in his adopeing the
suspension principle, and on a scale far exceeding anything previously buil.
Work began on the pices in 1819 and on the manofacture of the ron chains
i 1821, The links, each a hrde over oft long, were wrought at Upron
Forge (118/8) s60113) 1 Shropshire, sent to Hazledine's Coleham works in
Shrewsbury for testing on 2 specially designed tensile machine and for-
warded thence by canal ro Chester and sea to Menai,

The Menai Bridge must be one of the most carefully built structures in
the world, Telford, acutely conscious of the step he was wking into the
unknown, tested each link of the sixveen suspension chains 100 per cent in
excess of the calenlated working load and then tested each complete chain
i wension before final erecoon. The stones of the rowers are dowelled w-
gether with iron pegs and the chains which they support run back 6oft
into tunnels blasted in the rock, The main span s of $79ft, with a headroom
of 1ooft to satsfy Adomralty navigaton requirements. Each of the nuain
prers 15 1531t lugh and ts.approached by a masonry viaducr of three arches
on the Caernarvion side and four on the Anglescy side of the straits, Com-
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pleted in 1826, like its smaller neighbour ar Conway {107/SH 786777) on
the Chester road, Menal Bridge formed the last link in the road from
Halyhead w London. Despite Telford's care in design and construction,
various components have had to be replaced. In 1839 the ymstiffened timber
deck was wrecked in a storm; a heavier tmber deck lasted until 1803, when
Sir Benjamin Baker reconstructed it in steel; and this in turn was replaced
in 1940, when the tolls were also abolished and the chains replaced in high-
tensile steel.

The success of Menai encouraged others to build suspension bridges.
William Tiemey Clark (1783-1852) designed the old Hammersmith Bridge,
built m 1827 and replaced o years later, and a beautiful 271ft span suspension
brdge ar Marlow (159/SU 852862}, completed in 1832 and sull standing,
Sa is Clark's major work, the 666ft span suspension bridge at Budapest.
Victoria Bridge, Bath (156/ST 741650), across the River Avon, completed
in 1836 to the designs of |, Dredge, is of unusual construction, as the sus-
pension rods from the catenary chains are inclined towards the piers insgead
of being vertical, a deviee intended to increase structural stiffiness. Un-
doubtedly the most spectacular of the grear nineteenth-century suspension
bridges, however, is the epic Clifton Bridge (156/ST $64731), designed by
1. K. Brunel m the late 18208 and finally completed m modified form m
1864. The first moves to bridge the Avon gorge at Clifton date from 1753,
when William Vick, a Bristol wine merchant, bequeathed 1,000 to the
Society of Merchant Ventorers with the instruction that it should be allowed
to accumudate to 10,000 when, it was hoped, a bridge could be buile. By
1829 the amount had increased to £8,000, and a competition was held to
seck a suitable design. Numerous schemes were submirted, including an im-
probable gothic structure by Telford, who was one of the judges, and several
by Brunel. A modified Brunel design was finally selected, work began in
June 1831, the foundation sone was laid in 1836 and in 1840, when the
piers were substantially complete, money ran out. The chains were sold in
1853 to the South Devon Railway for use on Brunel's ather major bridge,
the Roval Albert Bridge over the Tamar at Saltash (187/5X 433387)- In
1850, when Brunel died, Clifton Bridge, the starting point of his indepen-
dent engineering career, was no furdher advanced, but the prosperity of
the 18608 coupled with sorrow ar the loss of a great engmeer, ar the relatively
carly age of 33, revived interest in the scheme. A new company was formed
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by some of the principal members of the Institution of Civil Engineers and,
utibsing the chams from the recently demolished Hungerford suspension
bridge across the Thames, also designed by Brunel, they opened Clifton in
December 1864, With hittle modification it stands today, limking Gloucester-
shire and Somerser 243ft above the Avon. The span 15 702ft 3in and the
total weight of ironwark 1,500 tons. Incidently, the piers of Brunel's
Hungerford Bridge still help to support today’s rail and foot bridge between
Watetloo and Charing Cross,

The beam type of bridge had lintle applicanon on roads m the nine-
teenth century, although it was extensively used on railways, Recently,
however, beam bridges in steel and prestressed conceere have appeared in
profusion on motorways and other modemn roadworks. The carly develop-
ment of reinforced concrete was pursued largely in France by enginecrs
such as Francois Coignet (1814-88) and his son Edmond (1850-1915), and
Francois Hennebique (1842-1921). The structural wse of concrete poured
i sitw was adopted only slowly in England and no major bridge in the new
matertal appeared unnl after the World War I A very carly example still
survives across the River Axe at Seaton in Devon (177/SY 253900). It was
completed in 1877 and has a central span of soft. On 3 much larger scale the
Royal Tweed Bridge at Berwick (64/NT 005528), opened m 1928, exemp-
lifics the ponderous designs of the interwar years before prestressing brought
to concrete a supreme elegance and daring worthy of the great nineteenth-
Century pionecrs.

Betore leaving road bridges altogether; a cumous and somewhat bizarre
answer to the problems of spannmg large rivers and at the same time mamn-
taining headroom for navigation is worthy of brief mention, The tran-
sporter bridge, in effect an aerial ferry, had a brief period of popularity at
the end of the nincteenth century and bt‘gimli.ng of the twentieth as a solupon
to the problem in flat country or urban areas of low-level approach roads
making a4 fixed bridge impractical. By supporting 3 girder at high level
between two towers, vehicles could be carnied across the gap on a platform
suspended by cables from a trolley running on rails above, The 1dea was
originally proposed by 1 Bnnsh engineer in the 18705, but was first put
inta practice by the Frenchiman F. Amaodin in 1893 at Portugalete, near
Bilbao, m Spain. Four tramporier bridges were built in Britain and three
of these are sull extant. The largest, in face the largest in the world, crossed
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the Mersey berween Widnes and Runcorn. Tt was of the suspension type
with a span of 1,000t and was in use from 1905 until 1961, when the present
high-level steel-arch structure replaced it.

In 1906 a smaller wansporter bridge, also of suspension type, was com-
pleted across the Usk at Newport (15s/ST 318863). OF 64sft span, it 1s sull
in regular use. The Middlesbrough transporter bridge (85/NZ s00213) is of a
completely different form of construction, as its overhead deck is cantilevered,
the outer ends being anchored with massive vertical cables. Opened in
1911, it has a span of s70tt and accommodation for 600 pissengers and up to
ten vehicles on the electrically propelled carriage. Much less known than these
twao is the privately owned transporter bridge across the River Mersey at
Warrington (100/S] $97877), connccting the rwo halves of the extensive
soap and chemical works of Messes Joseph Crosticld & Son Ltd. Compared
with Newport and Middlesbrough, it is small, with 3 swmi-cantilevered
span of only 187fr. Built in 1916, and out of regular use since 1964, it was
the last of the total of sixteen ransporter bridges o be constructed.



14 Rivers and Canals

Frowm the end of the Roman occupation until the mid-vighteenth century
rivers were the main arteries of communication in Britain. They formed
natural highways and were of paramount importance in influencing the
seitlement of people, the location of towns and the development of trade
and commerce. Although susceptible to drovght and Hooding, rivers
offered much greaver reliability than roads, particularly where these crossed
clay country. The Romans not only supplemented their comprehensive
road system by niver transport but sought to improve the latter with em-
bankments. In the case of the Trent and the Witham they even cut a canal—
the Fossdyke (Torksey Lock, 104/SK 837781 to Brayford Pool, Lincoln,
t13/SK 970713} —in order to establish direct communication between them,
A thousand years elapsed before any further improvements were carried
out, although legislative procedures established rights of navigation over
many rivers. There were numerous obstructions, however, shallows in dry
weather, fishgarths for carching fish, and the dams and weirs of millowners
being the major difficultics. In the sixteenth century eight Acts were passed
dealing with rivers and the improvement of navigation, including one in
1571 to bring the River Lea to the north of London by making an artficial
cat. By 1750, on the eve of the grear era of canal building, Briain had
1,000 odd miles ufmrwg:hic river, some of which, such as the Aire & Calder
from 1699, had only been rendered mavigable by the construction of cuts
and pound locks, The carly river engineers, such as Andrew Yarranton
(1619-847), had sccamulated considerable experience of the problems of
establishing navigations and their work, together with thar of the fen
dramers, provided the esential technological foundation for the canal
engineers of later years.

A prominent feature of many improved rivers was the flashlock, which
had its origins in the Middle Ages, often as 3 compromise between naviga-
tion and milling interests. Where water was impounded for a mill, a device
was needed to pass boats through the weirs; and in between mills also, weins
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wete often necessary to maintain adequate depths of water for navigation.
If 3 section of the weir was made removable, usually by the insertion of a
gate, boats could pass through. These flashlocks, when opened, resulted in 3
powerful flush of water running downstream and boats simply “shooting
the rapids’. Those going upstream had to wait until the main force of water
had subsided, when they weee winched through the lock against the fow.
The lock would then be closed and the water level allowed ta build up for
the next vessel, In a dry summer this might rake several days and could, in
extreme conditions, prevent navigation altogether. In many cases these.
flashlocks were replaced by pound locks, similar o those found on canals
today, for flashlocks were highly dangerous and wasteful of time and water.
A variation of the flashlock, usually known as a staunch, operated on a sumilar
principle but was normally kept open to the river flow. Staunches were
installed where fAsshlocks or pound locks were not always desirable, par-
ticularly on rivers with numerous mills, as impounded water would tend to
back up the tailraces of waterwheels and reduce their efficiency. Also if a
river was crossed by a ford, as, for example, ar Tempsford on the Great
Ouse (147/TL 161542), it was essential that the river level was not increased
at the crossing pomt. The method of operation of staunches was even more
tedious than that of fashlocks; o man usually preceding the boat to close the
gates and allow sufficient water to build up.

Mot flashlocks and staunches took the form of vertically hinged gates;
these were rarely single but generally a pair of mitre gates like those on any
canal lock, The angle between them was commonly go degrees, in contrast
to the 120 or 130 degress of canal and more modern river locks, In East
Anglia guillotine staunches were sometimes wsed, and then the gate was
rased w:ﬂ.ic:ll}r like a sush window and the boats p_asscl:l underneath. A third
and very simple type consisted of plinks let into vertical slots in masonry
walls, and wai similar o the sop-planks commonly used on canals to
tsolate sections for repair. Perhaps the oldet form, however, was the beam
and paddle weir, in which a beam was swimyg horizontally over s wooden
cill across the bed of the lock. When closed, vertical boards or ‘rimers” were
put between beam and cill, and against these were st square planks with
handles to hold back the water.

Most of the remaining Hlashlocks are decayed and ruinous, bur a fine and
nearly complete beam and paddle type can be seen an a small tributary of
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the Thames just below Eynsham Lock (1s8/SP 446080), Oxfordshire,
Although traffic on this 4 mile navigation to Eynsham Wharf ceased in
1928, the beam still survives, bolted to the stop-post and supporting a foot-
bridge. A substantially complete staunch on the Great Ouse may be seen at
Castle Mills (147/TL 094500), with brickwork, 1840, intact and the de-
crepit remains of gates. Its purpose was to decpen the shallows below Castle
Mills Lock, yoovd above. Tuddenham Mill Stream, a tributary of the Lark,
which in tum flows into the Great Ouse, also has a well preserved gate
staunch (135/TL 732720), with mitre gates, cach with a single paddle (or
sluice). There 15 a guillotine staunch, complere excepr for the spoked wheel
used to lift the gate, at Botrsham Lode (r33/TL 516651), which probably
dates from the 18208 and was in use unnl navigatdon on this obscure
tributory of the Cam ceased about 1900.

Like the navigable rivers, canals were chiefly used to move heavy bulky
goods for which roads were msuitable, Britain was slow to begin building
canals, but, once started, quick to extend a network over much of England,
with separate systems in Wales and Scotland. By 1850 the 1,000 miles of
niver navigation that had existed in 1750 had been expanded 1o a rotal of
4,250 miles as a fesult of canal building. The first canals were dug to connect
or supplement existing river navigations or to link otherwise isolated agri-
cultural or industrial commumities with navigable water. The Newry Canal
m Ireland, completed in 1742, was: the first ‘deadwater naviganon' m the
Brirish lsles, It was followed in England by the Sankey Brook Navigation
from the St Helens coalfield in south Lancashire to the River Memey.
Financed by Liverpool merchants, sale refiners and the town corporation, it
was substantially complete by 1757 and can undoubtedly clum the distine-
tion of being England's first canal. lts economic suceess was immediate and
high dividends were paid. Soon after came the Bndgewater Canal, built
by John Gilbert and James Brindley (1716-72) o comnect the Duke of
Bridgewater's collieries at Worsley with Manchester. On its completion i
1761, the price of coal in Manchester dropped by half. The canal revolution
had begun.

James Brindley, the "father of English canals’, was born in Derbyshire and
began work as an apprentice wheelwnight and nullwrighe ar Sutton near
Macclesfield. By 1742, at the age of twenty=six, he had his own business in
Leek, where Brindley Mill (110/5] 9773570) survives as 3 memorial to his early
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career. His considerable abilivies became well known in Sraffordshire and
brought hun for the first tme mto contace with a canal scheme, to connect
the Trene and Mersey rivers, for which he was asked to carry our a survey.
The Trent and Mersey project was to remain a dream for some years, but it
was his work in connection with it that brought Brindley to the notice of
the Duke of Bridgewater and gained hum his first definite commussion for a
canal. The *Bridgewater’, and the masonry aqueduct which Brindley de-
signed to take his canal over the River Irwell, fired the imagination of the
age. The three great arches carnied the canal 38ft above the level of the river,
cnabling Hats (sailing barges) to pass beneath. Completed in July 1761, it
became a local wonder— Vessels o'er vessels, water under water, Bridgewater
tritinphs — art hus conquered narure,” It survived until 1803, when construc-
tion of the Manchester Ship Canal, which was buitt largely on the site of the
Mersey & lrwell Navigation, necessitated its demoliion, The abutments,
however, can still be seen (101/5] 767977), and give an indication of the
massive construction. The replacement is a still more remarkable strocture,
a umique swinging aqueduct designed by Sir E. Leader Williams, engineer
of the Ship Canal. A pivoted steel tank 235ft long, 18ft wide and 6ft deep
provides a crossing for the Bridgewater 26ft above the Manchesrer Ship
Canal. When passage of the ship canal is required, the wnk is swung by
hydraulic power on its central pier; the total weight of the span and its load
of water being 1,450 tons. The first barge passed over Barton swing aqueduct
on 21 August 1893, and Brindley’s pioneer structure was then demolished.
At the west end of the Bridgewater Canal, Worsley Mine was an integral
part of the project, and the line of the canal was continued into the vertical
rock face st Worsley Delph {101/SD 748005) to form the basis of an under-
ground nerwork. of waterways on which the coal was brought out, Under-
ground channels known as soughs were in use before 1750 for draming coal
workings north of Worsley, and it seems probable that these were adapted
to give direct access by boat between the coalfaces and the main line canal,
James Brindley was closely involved with the underground scheme in its
carly years, as was John Gilbert, the Duke's supermtendent engineer, agent
and surveyor, who was probably responsible for extending it in the years
down to his death in 1793, The network grew continually until about
1840, when some 46 miles of underground waterways extended under
Walkden and Famworth. To tap decper scams. separate systems were also
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dug at levels below the main line and connected to it by shafts; the
deepest was 83ft below. the level of the entrance tunmels. Further north a
higher level system was connected to the main level by a 150yd underground
inclined plane on which the boats were worked on wheeled eradles running
on rails. At the Delph can be seen the two entrances to this system, cut about
soft apart in the rock face. Note also the hand-crane with 4 wooden gib
used for inserting the stop-planks (101/SD 747004) and the drydocks on the
Bridgewater Canal, Examples of the Jong narrow boats, nicknamed ‘starva-
tioners', which were used i the runnels can be scen n the North Western
Museum of Seience & Technology, 97 Grosvenor Street, Manchester.

Following the success of the Bridgewater the number of canals multiplied
rapidly before 1773 and after 1787, the movement reaching a crescendo in
the ‘mania’ of 1789-93. Three mam types were developed—wide canals for
somie main lines, particularly those associated with rivers; narrow canals,
with 7ft locks, for hilly inland routes that frequenty suffered from poor
water supplies; and tub-boat canals, where gradients were particularly steep,
Wide canals were built mainly in Lancashire and Cheshire, in the East
Midlinds, and in the south wherever connection with vidal water was
important, The gauge was usually sbout 14ft. The pattern of the narrow
waterways was set by Brindley's Staffordshire & Worcestershire and Trens
& Merscy canals, cmnpicl:cd in 1772 and 1777 rr.spcﬂiw:ly. The need o
economise on constructional costs where large numbers of locks and tunnels
were needed resulted in major concentrations of narrow canals round
Birmmgham and also in South Wales. Tub-boar canals were built in Shrop-
shire and the South West. Within these groups there were numerous nunor
variations, but, generally speaking, a narrow boat 70ft by 7t could travel
anywhere south of the Rivers Trent and Mersey, except on the rub-boat
canals, and a barge s8ft by 13ft 6in anywhere north of that line. Larger
barges worked on the river navigations.

The lack of uniformity in canal size and the cotal absence of planning
prevented the canal network from ever being an integrated system. The
geography of Brioun meant heavily locked warerways, with consequent
problems of water supply for summit levels; and many areas, notably much
of Scotland, the far north of England and the south-west peninsula, were
quite unsuited to arnficial waterways, The web of canals was densest in the
industrial Midlands where Birmingham, first entered by camal in 1773,
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becime a focus of waterways. The estuarics of the Thames, Sevem, Humber
and Mersey were soon connected, the Pennines. traversed, and London
linked with the Midlands and North. In the south of England more than
430 miles of canal were dug, but with one or two exceptions few navigations
paid dividends higher than 5 per cent. OF litde induserial importance, the
largely agricultural south did not have the traffic potential to make profits.
By contrast such waterways as the Aire & Calder nerwork, the Loughborough
Navigation in Lelcestershire and the Trent & Mersey Canal carried huge
quantities of raw materials and manufactured goods. In 1824 the last two
were paying dividends of 197 per cent and 75 per cent respectively. In South
Wales too a series of shorr and generally unconnected canals provided for
the thriving coal and iron trade of the valleys, simulating the growth of
coastal centres such as Cardiff and Newpore, and supplying coking coal and
iron ore to great ironworks complexes such as those at Merthyr Tydfil. The
teerain in much of South Wales, and parts of the North East around the
valleys of the Tyne and Wear, was torally unsuited to canal construction,
however, and in these areas parallel development of horse rramroads began,
to feed canals or rivers.

As already mennoned, the carly canals were buile as cheaply as possible.
A typical Brindley canal, such as the Staffordshire & Worcestershire, follows
the contours with hardly an embankment or cutting of any size upon it. The
extra length resulting from their winding courses mattered little when boat-
men's wages were low and effective competition non-existent. The threat
of road and rallway competition led to an mcrease in the efficiency and
enterprise of waterways and to efforts ar improvement. Harecastle Tunnel
(110/S] 837542 to 840417) on the Trent & Meney canal was doubled in
1827, the new tunnel (16ft high and 148t wide) taking only 3 years to build
in contrass to the 11 years taken by the onginal bore (raft high by oft 3in
wide) of the r770s. Engineering techniques had improved In other cases
coutes were shortened, a notable example of the straightening of a contour
canal being the Oxford, which was reduced from 91 10 774 miles between
1820 and 1834, New canah themselves were made as seraight as possible,
even at the expense of considerable avil engineerng work to maintain the
Jevel. Thus Telford's Birmingham & Liverpool Junction (now the Shrop-
shire Union main line), completed in 1835, has long stretches of embank-
ment and cutting, including the 2 mile long Tyrley Cutting (119/5] 691313),
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the deepest in the country.

The obstacles facing canal engineers were ovetcome in a variety of ways.
Locks were the normal method of climbing hills, tnnels and cuttings for
gaing through them and aqueducts for crossing rivers or valleys. The river
improvers with their flashlocks and staunches anticipated the common
pound lock used on most canals in England. A century after its first known
wse in continental Europe, in 1373, the pound lock was in use on river
navigations m Britain. It consisted of lifting or swinging gates enclosing a
"pound’ of water of sufficient length to sccommodate a boat. On the River
Wey, made navigable from the Thames to Guildford, Surrey, under an
Act of 1651, pound locks with turf sides, now reinforced, have survived in
substantially original form, as at Papercourt (170/TQ 034568) and Walsham
Gates (170/TQ 650578). Shefficld Lock on the Kennet Navigation, Berkshire
(158/SU 649706), is also turf-sided (Plate 73).

On canals the lock evolved with a brick or masonry. pound, generally
rectangular in plan and of the minimum dimensions capable of handling the
largest type of craft using the canal. Thus the smallest amount of water was
consumed. In the Midlands 4 typical *narrow’ lock has 4 chamber 7fr wide
and abour 76ft long designed for boats of 6ft 10 beam and up to 72ft in
length, The extra length of the chamber allows for the inward-opening
bottom gates. The mode of operation is simple. A boat working down re-
quires a full lock to enter. When the boat is in the chamber and the gates
are closed, sluices, usually known in this context as paddles, ar the lower end
or tail of the lock are opened and as soon as the levels inside and outside are
the same, the gates can be opened and the boat passes through. In locking up
the procedure is followed in reverse.

Lock gates are generally of timber, oak beng most commonly used,
although on the Montgomeryshire and Ellesmere canals cast-iron gates were
used in the early nincteenth century. A pair from the former canal can be
seen at the Waterways Museum, Stoke Bruerne, Northamptonshire (146/SP
743500), The gates at the tail of the lock are the heavier because they extend
the full depth of the lock, whereas those at the upper end or head need only
be the depth of the upper pound of the canal. Double gates are generally
used on river navigations and barge canals, bur in narrow locks single top
gates and double bottom gates are commonly found. Both upper and lower
gates bed against a cill at the bottom of the chamber, the upper cill being
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71 The turf-sided Sheficld Lock on the Kennet Mavigation, Berkshire

exposed when the lock is empty. Cills are often made of timber, although
concrete has been increasingly wsed in recent years. Gates have a vertical
timber at the linge end known as the heel post which firs into a hollow
quon in the masonry wall of the lock. Only a light iron strap is needed to
maintain the gate in place a5 water pressure holds the heel post tightly into the
quoin when the gare is closed. The outer end of the gate also has a vertical
post called a breast or mitre post, which fits 2 rebate in the opposite wall of
the lock or, in the case of double gates, the equivalent post of the partner
gate. A gate is operated by a2 balance bean, which, as the name suggests,

74 Guillotine Jock gate on the Shrewsbury Canal
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provides the counterweight to the gate iself. Traditionally this beam was of
timber but in many modern replacement gates rolled steel joists with con-
crete balance weights have been used. The guillotine gate (Plate 74) is not
common on British canals, but examples can be found on the old Shropshire
Caml section of the Shropshire Union north of Hadley (119/S] 672133)
and at King's Norton stop-lock at the junction of the Stratford-upon-Avon
Canal with the Worcester & Birmingham (131/SP 053795). Modern
guillotine gates can be seen on the Rivers Nene and Great Ouse, where their
use more easily enables flood water to run through the lock.

Locks are filled and empued by shuices, generally known as paddles bur
also called slackers in the Fens and cloughs m the North of Englind, Gate
paddles firted on the lock gates themselves are found at head and il of most
river mavigation locks, and on the tail gates and occasionally head gates of
canal locks. Ground paddles are mounted in the wall of the lock and admir
water through culverts; they are generally used in combination with gate
paddles at the head of a lock. Ground paddles used for drawing off water
from a lock are rare features but can be seen on some of the wide locks
on the stretch of the Grand Union between Napton and Birmingham.
The paddle itself usually consists of a slab of elm that dides vertically in a
frame across the sluice aperture, A wide variety of mechanisms for lifting
or drawing paddles can be found, the most common being the rack and
pinion arrangement incorporating a pawl to hold the paddle in the drawn
position. Worm-and-nut gearing is used on the ground paddles of the
Leeds & Liverpool Canal, and on the same navigation pivoted gate paddles
can be found, a very rare feature. On the River, Wey at Worsfold Gates,
near Send. Surrey (170/TQ 616557), some paddles still operate in their
most primitive form; they are lified by hand and held in position by pegs
through holes in the handles (Plate 75). Nearby are the Navigation's work-
shops, which are still in use. Nowadays, of course, many locks are mechanised,
a on the Caledonian and Aire & Calder Canals and the Rivers Trent and
Thames.

Groups or “flights’ of locks are commonly found on canals where great
differences in level ocour in a relanvely shore distance. The Lurgest fighe in
Britain is at Tardebigge on the Worcester & Birmingham Canal, where
chirty narrow locks raise the canal 217ft in about 2 miles. The summit lock
at Tardebigge is, in fact, the deepest narrow lock in the country, with a fall
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74 Peg-and-hol: gate paddles st Worsfold Lock, on the Wey Navigation, Send,
Surrey

of 1aft; this 1s L'xrcptu:-:ml and the average 15 G-Hir. A ﬂ1|_.t|'|r almost ct'ill.li o
Tardebigge can be seen at Devizes, where the Kennet & Avon Canal climbs
out of the Vale of Pewsey through twenty-nine wide locks. This Hight is
far more hp{:rt.u‘ul.:.r,, how ever, a8 the locks are Very close n_‘-gcthrr and most
of them in a straight line. At Combe Hay (166/5T 748604) on the Somerset-
shire Coal Canal one can see most of the Jocks of a Hight of twenty-two
completed in 1805 after the failure of a novel boat lift. The canal was closed
m the 18g0s, and later part of its bed was utilised for the Limpley Stoke to
Hallatrow branch of the Grear Western Railway, opened m 191o.

A variation on the smple flight of locks is the staircase, where the top
gate of one lock forms the bottom gate of the one above. A notable example
15 to be seen at Foxton (133/SP 692805) where the Leicester line of the Grand
Union Canal descends by means of two staircases, each of five locks To
economise in the uwe of water—always important to the canal operator—
ud!.‘-pﬂm{s WEre l'rcqucntly buile i association with staircases of locks, and
these are used ar Foxton. The side-pond consists of a chamber beside the
locks at 7 level halfway berween the upper and lower pounds and com-
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municating with the pounds by culverss controlled by ground paddles
(side-pond paddles). Whien 3 boar enters the full pound and the gates are
closed, the side-pond paddle is opened first, until the levels equate and slightly
less than half the water is in the side-pond. The side-pond paddle is then
cloged and the remainder of the water in the lock released into the lower
I:Hlilllj in the normal way, The saving occurs when a boat locking up enters
the empty lock, which can then be alinost half<Alled wath warer from the
side-pond. Thus only the remaming half has to be drawn from the upper
pond. A well known smircase of wide locks is Bingley 'Five Rise’ (06/SE
108400) on the Leeds & Liverpool Canal (Plate 76). Here there are no side-
pomds and water passes direct from chamber 1o chamber, The largest stair-
case m Botam, of cight locks, 18 ar Banawvie (35/NN 147770) on the
Caledonian Canal.

A curious and unique flight of three locks is to be seen ar Bratch (130/80
867938) on the Staffordshire & Worcestershire Canal, where ar first sight
the locks appear o be ;Jrr;mg:.'J m a starcase. However, each lock has i
own gates, the top gate of onc lock being only 3 few feet from the lower
gatcs of the lock above, Further south ar Botterham (130/50 860074) on

76 Rack and pinion sliding pate paddles, Bingley "Five Rise’ Locks, Leeds & Liverpoul
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the same canal s a double lock or rise of normal type with a common gare
between the two chambers, while to the north lies Compron top lock
(130/50 884080), said to be the first lock built by Brndley. It ts interesung
to speculate as 1o whether Brindley dévised the principle of the staircase
immmediately after building the Hratch locks or whether he was illrr.n{}' aAware
of continental examples, such as the staircase ar Beziere on the Canal du
Midi in France, Other locks of interest include the secoonal cast-iron lock
chambers at Beeston (109/S] $54509) in Cheshire, devised by Telford 1o
overcome the problems of soft sand (Plate 77), and Northgate Locks, Chester
(100/5] 403664), which are partly cur in solid rock. On the Staffordshire &
Warcestershire Canal circular weins instead of the normal stratght cill type
are used for the culverts chat convey surplus water from the head to the tail
ol some of the locks.

Besides problems of water supply, long Hights of locks imposed con-
siderable delays o traffic, particularly where this was heavy. Thus from as
carly as the 1780x canal engineers sought means of replacing locks with other
mechanisms such as inclined planes, lifts; and a variery of patent balance-
lock and caison devices, In Britain ne inclined planes remain in wse, but
their avergrown alignments, often almost v.'mn;*h:h.'l': obscured by trees and

undergrowth, can still be found here and there. There were twenty or soin

77 Cast-tron lock at Besston, Cheshire, built by Telford to withsand the pressures
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south-wess England alone, notably on the Bude Canal and the Torrington
Canal in north Devon, where remains of Ridd incline (163/SS 476217) can
still be traced. Om most of these the boats themselves—usually tub boars
about 20ft long—were hauled up the inclines in cradles or water-filled
caissons running an fails. Perhaps the most spectacular and well preserved
canal ‘mclne, which was also used for b boats, is thar ar Coalport in
Shropshire (119/5] 695028). There was a vernical fall of 207t between the
upper line of the canal and the point at the foot of the Severn Gorge where
goods were transhipped from the b boars into barges on the river. This
incline fell into disuse about 1900, but its alignment has been cleared by the
fronbridge Gorge Museum Trust. which liopes eventually to have it operat-
ing agam. The incline installed at Foxton, Leicestershire (133/SP 692805), in
1900 with the object of superseding the time~consuming staircase of locks is
less gasy to mrace. The inclme was of the counterbalanced type, with movable
tanks:or caissons on wheels mto which the narrow boan were Hadred. A
steam engine at the top provided the power, bur trouble was experienced
with subsidence of the rils, and the volume of traffic did not justify the
expentse of keeping a boiler constamtly i steam wich staff in atrendance. The
mcline had ceased 1o be used regularly by 1910 and the machinery was sold
for scrap mn 1028, Today the oniginal locks are still in active use, but the
unfortunate incline is rapidly disappearing into a jungle of brambles.

The only canal lift still in wse (Plate 78) in Britain is that ar Anderton
(101/5] 647753), near Northwich. It allows boats to pass between the Trent
& Messey Canal and the River Weaver Navigation some soft below. A
proposal for 4 lift had been put forward as early as 1865 by E Leader
Williams, engineer to the Weaver MNavigation, with the ides of facilicatimg
the interchange of maffic berween the two waterways, but not until 1872
were the necessary Aces passed and Emmenson & Co given the lift contract,
The design was by Edwin Clirk of Clark, Stndfield & Clack. consulting
engineens of Westminster, As completed in 1875, the Anderton lift had two
wronght=iron caissons 75ft by 1546t by sf rising and talling 3 distance of
soft g within a substantial tubular iron Famework. Each caison could
take two narrow boats or one barge and weighed 240 rons with ity water,
The catssons were supported on 3ft diameter hydraulic cams, the two rams
being commected by a gin pipe. Removing 6 of water, weighing some
13 tons, from the lower caison made the heavier upper caisson descend,



75 Anderron boar lifi, Cheshire, connecting the Weaver Mavigation with the
Trent & Mersey Canal

and water passed through the transfer pipe to the other ram caused the
second caisson to rise, The finial lift of 4ft was achieved by closing the transfer
|-1| [""-‘ 'i“ld {i“l'l]l’.'i.'nl'lg_ thl{.‘ I.l!.!rll'f I'l‘rt'?-'\ tia lt{'.'l-I“-I.'li'ﬁ'“'tl':d II:F'I{T;'I-I.I]I.'C' I'l'llll'i'i'I u‘“ll.{
accumulator, M{hough a press burst in 1882, the Anderton design was a
good one and formed the basis for other lites in France and Belgium. In 1903
electricity replaced steam power for the hydraulic pumps and in 1908 further
substantial modifications dispensed with hydraulic operation altogether in
arder to simplify working and increase capaciry. As rebuile, the lift's catssons
are counterbalanced by cast-iron weights and can be operated independently.
Power is provided by an electric motor driving through gears. In 1913 the
lift transferred a record 226,000 tons of trafhic, more than would have been
possible before reconstruction. Today it 15 sull in regular use, mamnly by
pleasure boats, and a ‘voyage’ in it is 3 fasanating if slightly unnerving
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experience. One may make an excellent wip on a hire boar such as the Lap-
wing from Weston Docks, Runcorn (109/S] s03830), up through the large
2zoft x 414t locks of the Weaver to Anderton and up the lift, and then along
the Trent & Mersey Canal through three tortuously narrow tunnels to the
delightful lirtle canal hamlet of Preston Brook. Here, at the junction of the
Trent & Mersey and Bridgewater Canals (100/5] 568806) one finds canal
cottages, a large warchouse now used as a club, and a small roofed drydock.

On many canals there was no alernative to a tunnel when it came to
cutting through hilly country. Canal tunnels are wsually, although by no
means always, on the sumumit level, crossing the watershed berween one
side of the navigation and the other. The first were on Brindley's Trent &
Mersey Canal at Preston Brook (1,230yd, 109/S] $70799), Saltersford
(424yd, 101/5] 624753), Barnton (572yd, 101/5] 630749), and Harecastle. The
tatrer, with 15 3,880vd bore, carmied the summit level under Harecastle Hill,
the watershed between the valley of the Trent and the Cheshire plain. The
original tunnel at Harecastle, like others on the canal, had a very small bore—
only gft sin wide and 120 high (110fS) 837542}, Boats had o be
legged through, the ‘leggens’ lying on narrow boards sprung our from either
side of the boat and walking on the sides of the ttmnel to push it through. In
1837 1 new tunnel, parl!]d with the old. was completed to designs of Thomas
Teltord. It was of large section and haid 3 towpath, but this has now been
demolished. For some 90 years both runnels were worked on a one-way
system, but m 1918 colliery subsidence necessitated closure of the older bore.

OF even smaller section than the old Harecastle tunnel is Sandedge tunnel
(102(5E pota79 to o4e120) on the Huddersfield Narrow Canal, which in
places is anly 8t 6in high and 7ft 6in wide, Standedge, completed n 18171, 15
the longest canal tunnel m Britain (5,698yd) and on the highest summit above
sca level. The 44 mile level through the Pennines berween Diggle and Mars-
den is 645ft sbave Ordnance datum. Although the canal was abandoned in
1944, the tunnel is stll navigable. A &truugh passage in a properly organised
party is an cerie expenience, as the bore opens out ar intervals into caverns
blasted in the rock where boats can pass. A fant glimmer of light penetrates
occasiomally throogh the ventilinon shafts, and the rumble of trains in the
neighbouring milway runnel sounds through the interconnecting galleries
used by the engneers of half 3 century later o gain access wo their waorkings.
Several of the larger canal wimnels are now impassable, although in most
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cases their portals and ventilation shaft tops can still be traced. The 3,817yd
Sapperton Tunnel in Gloucestershire, on the summit level of the Thames &
Severn Canal beneath the Cotswolds, is waterless and in part collapsed. For
some years before its closure in 1911 the canal had water supply problems,
owing largely to the dry and porous limestone country through which it
passed. The east portal (157/SO 966006) of Sapperton is one of the few canal
tunnel entrances to have any architectural pretensions, with two niches (but
no statues) flanked by finely cut pilasters. The west portal (157/50 944034)
by contrast is very simple.

The 3,795yd Lappal Tunncl between Halesowen and Seily Oak on the
Birmingham Canal has, like Harecastle, suffered from mining subsidence
and collapsed. So too has Norwood Tunnel, 2,895yd, on the Chesterhield
Canal, and Butterley Tunnel, 3,063yd, on the Cromford Canal. The longest
tunnel still in regular use on a through navigation in Britain was Blisworth.
(146/SP 720520 to 719503), 3,056yd, on the Grand Union Canal in North-
amptonshire until the recent restoration of Parkhead locks put the 3,172yd
Dudley Tunnel on a pleasure crafe route. Blisworth Tunnel caused is
builders 3 great deal of trouble, the first borings being 4 complete fatlure
owing to excessive water inding its way into the workings, Wark stopped
in 1796, and it was not untl 1802 that a new start was made with another
tunnel on a sightly different lme. This was eventually completed in. March
1805, nearly § years after the rest of the canal had opened. Before the runnel
was finished, a double-track horse tramroad ran over the hill from Blisworth
Wharf to what is now the foot of Stoke Bruerne locks. Time in the Blis-
warth ares will be well spent in a visit to the Waterways Muoseum at Stoke
Brueme (146/SP 743500), where there are a number of open-air exhibits,
including & boat-weighing machine, plus a unique collection of relics
housed in an old grain warchouse covering the rich tustory of 200 years of
canals and their peaple.

Of all the engineering works of the great canal builders, aqueducts have
fired the imagmation and excited the greatest wonder, Designed to bridge
valleys that could not easily be negotated by flight of locks, they were
objects of incredulity at the ime they were built, Many have survived the
railway age, which had its own proliferation of great viaducts, with their
splendour undiminished. Brindley's pioneer Barton Aqueduct—'the castle
in the air’, Smeaton called it—has already been mentioned. In fact 1t was the
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highest and visually most spectacular of Brindley's numerous aqueducts,
most of which are squat brick or masonry structures providing linle more
than ‘multiple culverts for the rivers undemmeath. The Dove Aqueduct
(r20/SK 269269) on the Trent & Mersey Canal near Burton-on-Trent is 2
typical example. With approaches it is 11 miles long and has twenty-three
low arches. Others carry the Staffordshire & Worcestershire Canal over the
Trent at Great Haywood (119/8] 994220) and the Sow at Milford (119/8)
9732153).

William Edwards' precedenr of pierced spandrels, which appeared in his
graceful Pontyprdd Bridge of 1755, was used by Benjamin Outram, engin-
cer to the Peak Forest Canal, when he buile Marple Aqueduce (101/§]
9$6900) actoss the River Goyt. Deigned to reduce the structure’s selfe
weight, the holes also visually lighten and enhance the appearance of the
aqueduct. For real clegance and panache, however, the masonry aqueduces
of John Rennie are unsurpassed. OF classical proportions and detailing, his
Dundas Aqueduct, 3 single-arch span carrying the Kennet & Avon Canal
over the River Avon near Monkton Combe (166/ST 784625) in Somerser,
blends into the steep wooded valley and completes the landscape in a very
English way. The warm limestone provides a perfect medium for an
architectural treatment of the structure appropriate 1o nearby Bath, Three
miles to the south the canal recrosses the river at Avoncliff (166/ST Bos6oo),
but here neither the design nor the present condition of the StTuCture are as
good. The bed 15 dry, revealing the cement lining of the trough, while the
stonework 15 covered with mysterious masons’ marks. The sag 1 the centre
of the river span is thought to have occurred soon after the aqueduct was
completed in 180, A larger and more severe example of Rennie’s waork is
the Lune Aqueduct, Lancaster (§0/SD 484639), which has five arches, each
of 7oft span, carrying the Lancaster Canal s1ft above the surface of the niver
(Plate 79). Built in a hard grey sandstone, its top decorated with a handsome
Deoric comice and balustrade, it too blends inco the harsher north Lancashice
latidscape, 4 fine combination of functional simplicity and elegance in
design. The architect, Alexander Stevens (s 730-906), possibly collaborated
with Rennie on its detailing,

The supreme heights of engincering accomplishment resileed from the
use of cast iron in the building of aqueducts, although, unlike the first iron
bridge, the carliest examples had an experimental lack of confidence, Pousi bly
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79 John Rennie's aqueduct across the River Lune near Lancaster

the first use of the marerial was in 2 small aqueduct in Derby, now
demolished. but here it only formied part of the whole structure, One month
ateer the opening of this Derby aqueduct, in March 1796, Telford completed
his crassing of the river at Longdon-on-Tern in Shropshire (118/S] 617156)
with the claim, ‘I believe this to be the first aqueduct for the purposes of 4
navigable canal which has ever been composed of this metal.” Cersainly in
Telford's aqueduct (Plate 80) cast iron has real structural significance, not
only in the construction of the rough itself but also in the supporting legs
and partly cantilevered towpath. More important, however, was the oppor-
wmity Longdon gave Telford to test and demonstrate iron as a construc-
tional material before building his masterpiece ar Pont Cysyllte. Longdon-
upon-Tern Aqueduct is 2 modest structure, with two full spans, one across
the nver, and two half spans springing from the brick and masonry abut-
menes. The cast-iron sections ate arranged in a similar manner to the voussoin
of a masonry arch and bolted together through flanges. The rowpath is
attached to the outside of the wrough, which is thus of the minimum cross




$0 Longdon-on-Tem Aquedact, Shropshire, by Thomas Telford, The first inom ague=
duct m the wotld, buile in 796

section necessary for 4 boat to pass, a design error that was not repeated at
Pant Cysyllte. The problem with the Longdon arrangement was that great
effore was needed to pull a boat through, as it was difficult for water 1o
pass between the sides and botom of the boat and the trough itself; at Pont
Cysyllte the towpath projects inwards over 4 wide trough, leaving plenty
of space for the water 1o pas.

Telford's great test came when he was resident engineer to William Jessop
on the Ellesmere Canal. Here the problem was one of carrying the canal
across the valleys of the Rivers Ceiriog and Dee as part of 2 project originally
intended to tap the coal and iron distnct around Rusbon and the lrenant
quarries near Valle Crucis, Llangollen. The agueduct across the Ceirog at
Chirk (118/8] 287372) has always been somewhat overshadowed by the
proximity of its great neighbour, but on any other canal it would be regarded
as an outstanding work. It has ten arches, each of 4oft span, carrying the
canal 7oft above the river. Although the structure of the piers and arches is
of stone and appears conventional in every respect, the trough itself consists
of cast-iron plates, Aanged and bolted together, which effectively tie in the
side walls of the aqueduct. Telford appreciated thar a puddle~clay-lined
wough of the type wed by Brndley, together with the massive masonry

necessary to contain the pressure of water, would impose impossible weights
on the foundations of the piers; hence the use of cast iron. The foundation

stone of Chirk Aqueduct was laid on 17 June 1796 and it was completed
m 18o1.
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The canal runs north from the aqueduct through the 459yd Chirk Tunnel
(ohe of the first to have a rowpath) towards the much larger valley of the
Dee. Here, at Pont Cysyllee (117/5] 271420}, across the Vale of Llangollen,
Telford carried the canal more than 120ft above the nver on an agueduct
which has remained one of the great engincenng achievements of all tme
Compared with the alternative, of locks down each side of the valley, an
.u|LEr-.".lh|: LeeTs TEI.[ L-h'l.":uux u:|uttnll.', it 15 thl..' :-L.IJ:.‘ ||.|]I.t \]u:rr CNEIMCCTIN G
elegance of that solution, howeyer, which gives Pont Cysylite a justihied
place amongst the industrial archacological sigghts of Britain

At Pont Cysyllte, as we have sad, Telford adopred a trough construction
entircly of cast iron, and the side sections, as at Longdon, are wedge-
shaped to form an arch-like structure, Unlike Longdon, however, the
trough is supported andemeath by cross-braced cast-iron ribs (Plate 81),
four beneath each span. The trough width 1s t1ft yoin and the deck of the
towpath, 4ft 8in wide, i supp wted over the water surface on iron pillars
Cast-rron rarfings protect its outer edge, but on the opposite side the water
lewel 15 only a few inches below the 1:||:1:r"Tﬂl'L"clL'Lt cdge of the ”Hll.l.:h wall.
Nincteen spans, gach of 53it, make a total length of 1.007ft between the

approach embankments, the south one of which, with its beight of 071 at

$1 Developed from Longdon, the mough sectiom of Telford's Pont Cysylie

Agueduct are supported on cast-iron ribs
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the tip, was the greatest earthwork m Britam ar the time of its construction.
The piers supporting the trough are of some interent in that, to reduce
weight, they are of hollow construction from a hicight of 7oft upwards,
with external walls only 26 thick. Internal cross walls, used also in the hollow
spandrels of Chirk Aqueduct and most of Telford's road bridges, provide
the necessary structural stiffening, Today the Pont Cysyllte Agueduct has
much the same appearance s it did on s opening day in November 1805
and, although neglected and m ill-repair for many years, it 1 now scheduled
as an ancient monument by the Department of the Environment and kept
it 2 sound condition befitting perhaps the greatest single engineering epic
of the canal age.

Another aqueduct worthy of notice 1 the Bearley {131/SP 162600) on
the Strattord-upon-Avon Canal.

Ay the network of exnals spread and the intermal wrade of the nation
developed, a whole new transport industry supporting merchants, boarmen,
suppliens of provisions, warchousemen, lock-keepers and lengthmen grew
up also. This industry made its impact on the landscape in the form of new
buildings ranging from tiny and uncompromisingly simple canal-side
cottages to new townships with handsonie mansions and warchouses. Fow
canal buildings exhibir any comscious architectural expression, and many of
the smaller ones are a straightforward and economical translation of con-
temporary  domestic wraditioms to new  circumstances. Exceptions arc
inevitable and one only has 1o look at the Regency-style bri deinmn's
howss on the Gloucester & Berkeley Canal, the barrel-roofed Straford-
upon-Avon Canal cottages or the round-tower canal houses 6F the Thames
& Severn to appreciate that here and there some architecrural thought was
involved. These are very much the exceptions, however, and the general
rule, as exemplified by hundreds of little known and unpretentious struc-
tures, it in great contrast to the ralway buildings of the fallowing centary,

At various places ati the canal network junctions and transhipment points
resulted in concentrarions of canalside buildings which in some cases have
developed into independent commumities. Some of these néw towns of the
‘canal era, small in comparison with the developments which wete to accur
in the age of the railways, sull srvive substantially ingace and are among
the earliest specialised induserial urban groupings in Britain, Perhaps the best
known, and certainly the most highly developed of these communities, is



B2 Wharf crane, Bumblehole Basim, Metherton, Pudley, Worcestershire

Stourport-on-Severn (130/SO B1o710), built ar the end of the cighteenth
centary as o trading and transhipment centre where the Staffordshire &
Waorcestershire Canal locks down to the River Severn. It becamie, in cffect,
an inland port between the Midlands and the sea, where goods could be
transferred from canal narrow boats to river-going barges and sailing trows
that voyaged dows to Bristol and the South Wales pors, Here in Worcester-
shire Brindley ‘caused a town to be erected, made a port and dockyards, built
a new clegang bridge, established markets and made it the wonder not only
of this county but of the nation at large.” Although the bridge was replaced
by a larger cast-iron span during the nmincteenth century, the centre of
Stourport has changed little. Tr just survived the neglect followmg the decline
of canals and is now reviving as a leisure boating centre, A fine brick ware-
house with clock tower, stately merchants” houses and humble cottages all
reflect the unselfconscious inspiration of the early Industrial Revolution. At
Shardlow (121/SK 444104), near the junction of the Trent & Mersey Canal
and the River Trent, stands another such point of interchange, buile purely
far comnercial purposes but exhibiting through the architecture of its
warchouses 4 fimetional beauty deriving from the simple use of traditional
building materials. Warchouses of 2 muore spectacular scale may be seen ar
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Ellesmere Port, in Cheshire {100/5] 405775), another junction, between the
Wirral line of Jessop and Telford's Ellesmere & Chester Canal and the River
Mersey. Dating origimally from 1705, Ellsmere Port continued to grow
until the 18504, suffered a temporary relapse, and thrived again after the
completion of the Manchester Ship Canal in the 1890s, although its prosperity
then no longer came from inland canal rraffic. Unfortunately Telford’s grear
general warchowse, one of the finest structures on Britain's waterways, has
now gone, destroyed by fire in 1970, bur other impressive structures sl
survive and the general arrangement and layout of the port and its facilities
are worthy of examination.

Today much of the canal network, the larger part of which is no longer
wsed at all for commeraal purposes, is undergoing a mansformavon. Groups
of enthusiasts working m cooperation with the British Waterways Board are
energetically purting many of the more scenic routes back into commission
for leisure purposes; the names and addresies of the leading socreties and
coordmating bodics are given in Appendix 3. Already the northern seetion
of the Stratford-upon-Avon Canal is operationul again, restored from a state
of complete dereliction, and working parties are sctive on canals such as the
Peak Forest, the Kennet & Avon and the Caldon, Morcover, the amenity
value of waterways is also being recognised by local authorinies. and enter-
prsing conservation schemes have been carried out in the Little Venice arca
of Paddington; at Farmer's Bridge, Birmingham, the junction of the Bir-
mingham Canal Navigation main fine and the Birmingham & Fazeley Canal;
and at the nearby Gas Streee basin. Tree planting, landscaping and the re-
habilitation of derelict canal-side cottages all contribute to the suceess of
schemes which amply demonstrate that the canal in i ueban ares does not
have ta be an eyesore.

Although the future of the narrow canal system must lic in amenity usage,
there are a pumber of commercial waterways acuvely n operation and
employing i many cases up-to-date cargo-handling techniques, Centred on
the Humber are the Aire & Calder Navigation, giving aceess for 540 ton
barges to Leeds and Wakefield, and the Sheffield & South Yorkshire and
Trent Navigations, running to Rotherham and Nottingham respectively.
The Weaver Navigation can take sizeable ships, as can the Gloucester &
Sharpness Ship Canal, a link in the navigation of the Sevemn up to Stourpart.
The South East has the Thames and the River Lee. Only on these kinds of



RIVERS AND CANALS 164

waterway, and of course the Manchester Ship Canal, can further cargo-
carrying developments be expected. On the majoricy of mland naviganons
the commercial traffic which brought them into existence in the second half
of the eighteenth century has gone for ever, and only the archacological
remains reflect the buoyant enthusiasm, panache and grinding labour of the
canal promoters, their enginecrs and navvics.




15 Railways

T ue railway captured the imagination of the people as did no other form of
mdustrial rechnology. In the country of origin of the steam locomonve,
the UK, and elsewhere too, the openmg of 3 new railway line was almost
always an occasion for festivitics and rejoicing. A century or more later the
demise of steam on British Railways in the late 19608 evoked a wave of
nostalgia quite withour precedent. Today more than goo steam eailway
locomotives are preserved in Britaim in museums, on privately owned branch
lines, or merely on short stretches of track where they can be pur into steam
for a few hours at & weekend. The railway was the first form of transport
with which the mass of the populace had any contact, and as such it has been
regarded as rightfully subject to both public erincism and affection. Criticisim
of railways and their methods of aperation has always been a fashionable
sport, while affection, of almost equally long standing, bas centred largely
around the mystique of the steam locomorive. Much of the enormous
bibliography which railways have geterated s also devoted to steam power,
s in this chaprer the civil engineering works, the ‘real sstate” of the railways,
will be considered primarily. '
The 1dea of using rails for vehicular tratfic dates back much further than
the steam locomotive, and dus early period, which might be clled the
‘prehistory” of railways, can be a fruitful sres of study for the industrial
archacologist. The profusion of field remaim and frequent wealth of docu-
mentary and cartographic information has enabled a retitarkably complete
picture to be built up of the role of the railway before the comiing of seam
power. Specifically archacological evidence has made 4 major contribution.
The first use of rails in Britain wis probably in the late sixccenth century
Shropshire, Nottinghamshire and Northumberland. In these arcas lines were
built for moving coal relatively short distances to rivers or the coast, where
boars could load ir. The rails were made of wood, s ar first were the wheels
that ran on them. Not unril the second guarter of the cighteenth century

were ron wheels employved and wooden rails faced with iron plates to
reduce wear.
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The first known use of iron rails was m 1767. Cast ar Coalbrookdale in
Sheopshite, they were thereafter used extensively on local lines in and
around coal workings and also in South Wales, They were “edge rals’,
designed for use with flanged wheels, and weee probably laid on timber
cross sleepers. In the 1780s iron rails of an 'L’ section—with the Hange cast
on the rail instead of on the wheel—were introduced and quickly became
popular, In South Wales, for example, some 300 route wiles of this “plate-
way' were in use in the carly years of the nincteenth century, and in Shrop-
shite, the birthplace of the iron edge rl. the L section plates became almost
universal (Plate 83), The new rails were supposedly stronger than the edge
rails, bat 1t is doubtful if the other climed benefir—that the vehicles could
be used off the rails in colliery yards—was found to be particularly useful
A note on terminology s relevant here, as a vanery of sometimes coti-
ficting nomenclatare has been applied to these early pre-locomotive rail-
ways. All were technically railways, in that the veluicles ran on rails, although
the term *railroad’ was more widely used before 1830 and was later adopted
a4 sandard in North Anicrica. It the North of England particulacly, where
edge rails were favoured, ‘waggonway' was used, and this persisted untl
celatively recently. Elsewhere, however, ‘tramroad’, ‘dramroad’ and
“tramway’ were after 1790 applied specifically to lines employing L section
rails. The origin of these terms i uncertain, but they possibly denive from

#3 Dusl-gauge cast-iron plateway, Coalbrookdale, Shropshure
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the old German or Scandinavian words for a beam of wood, a ‘traam’,
which might have been the mil. Cermtainly ‘trammy” and ‘tram’ were
applied o the velcles themselves in the sixteenth century, There ks no
evidence to support the theory that "wramroad” had any connection with the
name of Benjamin Outram, one of the chief protagonists of the cast-iron
rail. Laver in the ninceeenth contury, of course, the word ramway was
revived in a différent context, to describe the new passenges—carrying street
tramways, finst horse~drawn and later clearically propelled. Yet another
word specifically applied 1o the early railways using L section iron ratls was
"plateway’, from which the modem rerm ‘platelayer’ originates.

Three distinct forms of pre-locomotive railway developed before i830
and all were in operation side by side ar the outbreak of the steam-powered
railway revolution. The first rype, as we have seen, compnised lines built
and wsually owned by coalowners to conncer their collicries with existing
river of sea transport. Successurs to theie are still operated, as conventional
railways, by the National Coal Board in County Durham, one of the longest
systens being the Bowes Railway, with lines mdistng south-westwards
from Jarrow Staithes (78/NZ 353650) rowards Pontop. The second type of
wamway was built as an adjunce to 4 canal and was vsually ownesd by the
canal company. Tramways were less restricted by topography than canals,
and from the 17808 onwards were built in large numbers as feeders to canal
branches. The third variety came imto being on 26 July 1803 when the
Surrey fron Rulway was opened as a double-track public tramway from the
Thames at Wandsworth to Craydon, 9 miles away. This line, which was
seen as 4 possible first stage in a route from London 1o Porsmouth. heralded
the cra of public lines promoted 25 common carriers by separate railway
companies.

Of the colliery-owned and operated lines, numerous remains survive,
particularly in the North East. One of these remains, at Tanfield in County
Durham, s the Causey Arch, built i 1727 and generally acceped as the
oldest exisung railway bridge (78/NZ 220537). It i o spectacular inasanry
structure about 6oft high, its span of ro3it the fifih largest of any masonry
railway bridge in Britin. Near Whisfield, also south of the Tyne, early
cightecuth-century tramway earthworks are to be seen ar High Spen
(78/NZ 137594).

One of the carliest surviving railway buildings 4 2 weigh-house of 1799
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at Brampton Sands, Cumberland (76/NY 550600), on the alignment of the
Brampton Railway, an extension of the Tindale Fell Waggonway opened
about 1775, Near Kirkhouse, cuttings and embankments are casily traceable
(76/NY 367300), while the earthworks of the Parker waggonway, south of
Whitchaven harbour, can be seen at Monkwray Brow (82/NX 069167),
This line, owned by Sir James Lowther, was opened m 1738,

The 6 mile Middleton Colliery Railway in Leeds, daung from 1758, was
built under Parliamentary Acts and is thus claimed w be the hrst officially
authorised railway. Not a great deal cn be seen of the original alignment,
but the incline, known as the 'Old Run', can still be traced and stone
dleepers are visible on Hunslet Moor where they have been re-used as
platform edging. Three miles of the railway are operated with steam
locomotives by the Middleron Railway Trust, Some of the line is protected
by the Nanonal Trust.

Lines feeding canals are well represented archacologically and, unlike the
colliery lines, which are mainly in the north, they are concentrated primuarily
i midland and southern England where the canal network was densest.
One of the earlicst examples ran from the Froghall basin termmus of the
Caldon Canal in Stuffordshire (111/SK 028477) to limestone quarries at
Cauldon Lowe. The canal itself, & branch from the Trent & Mency, at
Etrunia passes through the Churner valley and some of the fimest scencry in
north Staffordshire, It is bemg restored by the Caldon Canal Society.
Remains of the tramway, built odginally in 1777, and realigned in 1783
and again in 1802 (by John Rennic), are numerous. At Woodcock there is
a rumed bridge and at Whiston a complete bridge, an cmbankment and the
remains of one of the three sclf-acting inclined planes (r11/5K oz294706).

In Derbyshire extensive remains can be seen of the Peak Forest ramway
engineered by Benjamin Outram and opened in 1796 from Bugsworth
(now politely renamed Buxworth) basm (111/SK 020820) to Chapel-en-
le-Frith and lmestone quarries at Doveholes. The 85yd wnnel ar Chapel
Milton (111/SK 058817) must be the earliest railway tunnel in the world.
Much of the alignment can be waced, including long lines of stone slecper
blocks. A wagon is preserved in York Railway Museun:.

Another well preserved line extended from Willesley on the Ashby-de-la-
Zouch Canal in Leicestershire to linsestone quarries at Ticknall and Cloud
Hill in Derbyshire. The best sites are in Ticknall itself, where a bridge



3?0 RAILWAYS

crosses the main street (121/SK 356240) and a 138yd cut-and-cover tunnel
has been pur in to preserve the amenitics of the approach ta Calke Abbey
(121/SK 353238). On the Somersetshire Coal Canal sparse remains can be
seen of an inclined plane tramway that was laid as a remporary link at
Combe Hay (166/ST 748604) while a thght of twenty-two locks was being
built. The alignment of a similar type of ramway, later used as a bridle path,
liniks the two ends of Blisworth Tunne (146/5P 720520 o 719503). It was
used berween 1800 and 1803 to connect the two ends of the canal while the
rumnel itself was under construction. A permanent inclined plane for the
transhipment of goods from canal boats 1o wagons connected the terminus
of the Tavistock Canal above Morwellham with quays on the River Tamar
2471t below (187/5X 446608). It was opened in 1817, The remains of slate
sleepers are preserved in the Morwellham Quay Centre for Recreation &
Educarion.

Of the Iines built to lmk sections of canal, the longest was the Cromford &
High Peak Railway in Derbyshire, opened in 1831 to join the Cromford
Ganal with the Peak Forest Canal near Whaley Bridge. Tapping the lime-
stone resources of the Peak, it spanned 14 miles of central Derbyshire, reach-
g ar 1t sumumt a heghe of 1,266ft above sea level. Inclines comnected the
central sections with the termini. Much of the ling, which was using steam
locomotives as early as 1834, remained in use as a railway rather than a
mramway until 1967, Miles of its trackbed can be walked, inclading the two
great inclines—Middleton and Sheep Pasture. At Middleron Top (rr1/SK
275552 the steam winding engine is preserved.

The biggest mileage of canal-owned tramways was in South Wales, where
almost all the companies had extensive feeder networks. The Monmouth-
shire Canal, for cxample, owned 14 route miles of railway, comprising nine
sepatate lines, A particular advantage wany of these coal-carrving lines
enjoyed was that the down gradient favourcd the loaded trains. There is a
bridge ar Blacnavon in Prince Steeet, and a milepost at Abersychan. Also in
Monmouthshire, although nor on canal-owned lines, are the 20506t Pwll-
Ddu Tunnel, opened in 181 partly theough old mine workings (141/SO
248114), and a fine bridge carrying an incline (Plate 84) on the Redbrook
branch of the Monmouth Railway, opened in 1812 (142/50 537103).

It was inevitable that the success of the tmmway as an aid to canal and
river transport should result in 1ts use 25 4 common carrier in its own right



84 Tramway incline bridge in the Wye Valley st Redbrook, Menmouthshire

tor providing crosscountry links. The Surrey Iron Railway of 1803 was
the first and others followed quickly. By the 18208 several of these liorse-
drawn public railways were being authonised cach year, mamly for freight
haulage, although as early as 1307 the Oystermouth Railway running along
the coast between Swansea and the Mumbles was carrying fare-paying
passengers, It is important to appreciate that the railway proved is value,
and perhaps even its supenority over the canal. before the mroduction of
steam power, and that by the mud 18208 mter—<ity routes were being pro-
poted. Lines such as the Sichowy (r802), the Sevem & Wye (1809), the
Mansficld & Pinxton (1817) and the Suatford & Moreton (1821) were all
concerved as horse railways, and as such were highly successful. Some of
their major civil engineering works remain, such as the bridge acros the
River Avon at Stratford (144/5SP 205548) now used as 3 footbridge. Some
re~crected track of the Surrey Iron Railway can be seen on s onginal
alignment at Purley Rotry Feld (170/TQ 316622) and some more, though
not on the old roote, at the Joliffe Arms (170/TQ 290543) md ouside
Wallington branch library (170/TQ 288638). In Ayrshire there are notble
ITRnTwWay l:lm|gc remains at Fairlic (67/NS 383160), where the Kilmamock &
Troon Railway crossed the River Irvine, and the remams of an early skew
bridge on the Doura branch of the Ardrossan & Johnstone Railway (59/NS

538423).
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It took just 25 years for the locomotive m prove jtself the most suitable
means of applying the power of steam to railways. Richard Trevithick
(1771-1833) built what is generally considered to be the first steam railway
locomotive ac the Coalbrookdale Ironworks in Shropshire in 1802, and 2
years later operated a similar machine successfully on the Penydarran Rail-
way in South Wales (154/ST 083960). For a quarter of a century the
locomotive developed spasmodically, in competition with the use of
stationary steam engines to haul trains with cables, until in 1829 the railway
engineer George Stephenson, in an effort to decide which form of power
to apply to the Liverpool & Manchester Railway, then in an advanced
stage of canstruction, proved beyond all doubr that the steam engine should
maove with the train. The Rainhill trials of 1829, won by Stephenson’s own
Rocker, were the tuming point in the fortunes of the locomotive and the
effective beginning of the railway revolution,

A number of "pre-Rainhill’ locomotives are preserved, and they demon-
strate clearly the evolution of design. Trevithick was a pioneer of high-
pressure steam in stationary engines—that is engines operating ar a pressure of
20-25lb per s in—and it was this use of high pressure that provided the key
to the successtul development of the locomotive. The great size of the low-
pressure beam engine, and more particularly its enormous condensing
apparatas, prevented its use as 3 mobile power source. Trevithick's own
locomotive, which has not survived, employed a horizonml cylinder of
small bore and long stroke rather like his stationary engines. Similarly other
carly locomonves were adaptanions of available high pressure designs.
Wylam Dilly in the Royal Scottish Museum, Edinburgh, and Puffing Billy n
the Science Muscum, London, both dating from 1812-13, arc in effect grass—
hopper engines on wheels, whereas the Hetton Colliery locomotive of 1823,
preserved at the York Railway Museum, and the Killingworth locomotive
m the Newcastle Museum of Science & Engineering have the more direet
form of deive of the Maudslay table engine. By the late 18208 locomotives
were being buile with pistons connected dicectly 1o their wheels through
piston and connecting rods. Sans Pareil and Rocker, both contenders ar Rain-
hill and both preserved in the Science Museum, London, are of this type.
More important at this date, however, was the way in which the boiler
was developing, with numerous tubes between fircbox and smokebox
giving it a good steaming rate. It was primarily the superiority of its boiler
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85 Gravestones in Bromsgrove Churchyard, Worcestershire, of two ENEIMNemen on
the Birmingham & Gloucester Railway killed by a boiler explosion in 1840

that gave Rocket the edge over its competitors at Rainhill. Within $ years
Stephenson engines such as Northumbrian and Planet had established the
general torm of the locomotive, which was to survive virtually unaleered
until the demise of steam power on Britsh Rail in the 196as.

The success of the steam locomotive was very much a personal tnumph
tor George Stephenson (1781-1848) and his son Roberr (1803-18¢0). In
1825 the elder Stephenson had engincered the first pablic railway on which
steam locomotion was used, although initally only on a small scale, between
Stockton & Darlington. Five years later he built the Liverpool & Manchester,
the first railway to carry passengers and the first 1o be com pletely steam-
worked from the beginming. Both were built to the now standard gauge of
4fe 84 The origins of this gauge are obscure but it seems likely to have
evolved from the tramways of the North East, a natural derivation from the

373
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width between pairs of horse-drawn cartwheels. The Stephensons were
untivalled as railway engineers in the early 18305, and 1t was their apprecia-
tion that one day all local lines would be joined together in a nationwide
network that led 1o the adoption of the 4ft 83in gauge throughout maost of
the country. Only one major line, the Grear Western, brainchild of the
balliant engineer lambard Kingdom Brunel, did nor adopt standard gauge.

Lines such as the Stockton & Darlington and the Liverpool & Manchester,
and other contemporane like the Canterbury & Whitstable and the
Leicester & Swannington, had been buile to sausfy speaific local require-
ments for the haulage of goods, but m the event the traffic pattern was quire
different; passenger receipts were more than double freight makings on the
L & MR might down to the mid-1840s, and the naponal consciousness
suddenly became aware that big profits were there for the mking. By 1836
nearly 2,000 route miles of railway had been sancnoned, including mose of
what were to become the major trunk routes focused on London. The furse
of these was S:cphl:um:l'i superbly enginecred London & Birmingham, to
be quickly followed by routes from the capital o Southampton, Brighton

86 Gatekeeper's cottage at Glenfield level eroming, Leleester & Swannington Rallway,
1832, Demuoliched
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and Bristol, by an extension of the L & BR northwards into Lancashire, and
by a collection of small lines which eventually linked London with York,
the North East and Scotland, Three of these—the Midland Counties, the
Birmingham & Derby Junction and the North Midland—aumalgamated in
1844 to form the Midland Raibway, one of the largest companies not to have
a London terminiss, a face which was significantly to alter the skyline of the
Euston Road 3 quarter of a century later.

The ‘railway revolution” born out of the sucees of lines like the Liverpool
& Manchester and London & Birnungham got going in carnest in the 1840s,
It was one of the most remarkable phenomena of the whole period of
Britain's industrialisation. The landscape changes the milway brought about
were more widespread and more fimdamental than those created by any
other industry. and this is reflected today in the profusion of remains. The
direct effects could be seen in terms of embankments and cuttings, viaducts
and tunnels, on the one hand, and by new towns such as Crewe and Swindon,
which were creations of the railway companics themselves, on the orher.
Less direct but just as obvious was the inerease in general economic activity
brought about by the improvement in transport, a trend thar had begun
with canals and accelerated rmapidly with the coming of milways. Railways
performed the same basic cconomic function as canals, shifting bulk goods
at low cost. In addivien, however, they offered the equivalent, on a larger
scale, of the best eighteenth-century post roads, winch provided rapid com-
municanion for people, mail and specialised freighe.

The enoemous mmpact the ralway had on the cconomy and the seale of
its development are worth studying. To the success of the second-generation
steam railways—early main lines like the London & Brimingham of 1838
and the Great Western of 1841—may be directly attributed the enormous
boom in railway building which reached a peak in 1848, when 1,253 miles
were opened. The peak years for simctioning construction were 1843
(2,816 miles), 1846 (4,540 miles) and 1847 (1,295 miles). Many lines pro-
moted in these franric years of the mid-1840s were never built, so thar by
1851, when a total of 12,608 miles had been <anctioned, only a little over
half (6,803 miles) had been completed. This in ioelf was a formidable
figure. During the years 1846-8 railway investment was absorbing §-7 per
cent of the national income, about half the total capital mvestment and
equivalent to abour two-thirds of the value of all exports. It entalled o wage
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bill of £16 million for a construction force of 250,000, and by 1850 there.
were 60,000 employees running the new railways. The significance of rail-
way building in the natonal economy was such thar during the late 18408
and the 18505 the railway indusery itself could be regarded 1 a major factor
in determining the cyclic movements of the economy. Iron, coal and brick
prices moved in parallel with the dming of railway contraces; indeed the
demands of the railways were almost solely responsible for the enormous
growth in iron rolling mills during the 18505 and 1860s. By 1850 railway
locomotives were burning 1 million tons of coal a year, and, although this
was anly some 2 per cent of national production, the railway-stimulaved
mdustries all consumed their share too. Railway development led directly
to increased urban growth, while the railway industry ftself became one of
the greatest beeeding grounds of the new technocrats who were to be the
mainstay of Victorian mdustrial might. The effect on other transport
systems was cataclysmic. By the 18508 the long-distance road coach had been
virtually climinated and most canals rendered unprofitable. There was a
real deterioration in road conditions in many parts of Britain as the turn-
pike trusts were wound up and road mamtenance became again the responsi-
bility of a reluctant panish.

With the completion of the Great Northern main line between King's
Cross and York in 1853, nearly all the major routes of the modern railway
system in England had been developed. All the major industrial areas, cities
and ports were linked by a network which, although its individual com-
ponents belonged to dozens of separate companies, could be regarded as a
national railway system. There was still much filling in of the gaps to be
undertaken, however, and both Wales and Scotland, with the exception of
the mdustrial lowlands; were virtually withou railway lines. By 1914, irs
approximate peak, the total network of the United Kingdom was 23,000
miles. The L1300 million invested in the system had created the most
expensive, extravagant, wasteful and at the same time spectacular symbol of
Victonan success.

British railways were very costly o build, and at an average of [ 40,000
per mile were three or four times as expensive as American and most conti-
netal systems. They became an engineer's paradise, with lavish sandards of
finish to major bridges and viaducrs, runnel portals and stations. There were
real reasons, however, for the heroic quality of much railway engineering
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and architecture, particulsrly in the late 18308 and carly 1840s. Firstly,
cngineers such as the Stephensons and Brunel, while conscionsly designing
for the future, had to allow for the hmited locomotive tractive effort and
relatively underdeveloped mechanical knowledge of their day. So they built
lmes with casy gradients—he London & Birmingham had a ruling gradient
of 1 in 330—and therefore committed themselves to building heavy earth-
works. Secondly, there was the problem of making the railway a socially
acceptable means of travel, and this was solved by magnificent termini,
architecturally acceptable in a city enviconment, lineside stations of a
vernacular or domestic style often beautifully acuned to their geographical
and social surroundings, and major enginecring structures handled with 3
panache and yee sympathy for lindscape umequalled 1o this day. Euston or
Temple Meads had the 4ame function as the airline terminals of today,
being designed not merely to book the passenger on to a train but to inflate
his ego, enhance the prestigiousness of the railway experience, and reassure
him that it was not as dangerous as he imagined.

Both the Stockton & Darlington and the Liverpool & Manchester rail-
ways were built before this atnmde had become fashionable—they were
after all buile primarily as goods lines. On the S & DR stone sleeper blocks
can still be seen on disused inclines ar Brusseltan (85/NZ 195243) and
Etherley and there are the carthwarks of abandoned stretches of the line at
Low Etherley (85/NZ 170280) and North Leaze. A fine stone three-arch
bridge by Ignatius Bonomi crosses the River Skerne at Darlington North
Road (B5/NZ 2891 7); this is perhaps the first bridge of the steam age, and
although it has been widened, the south face is original. Another bridge, of
cast and wroughr iron, crossed the River Gaunless near West Auckland
bur it was removed in 1901 and can now be seen in the York Railway
Museum—one of the first picces of conscious industrial archacological
prescrvation. Here too s an S & DR chaldron wagon, very like the
thousands that worked the colliery lines of the North East ymtil relatively
recently; examples can also be seen at the North of England Open Air
Museum, Beamish. Two locomotives from the line— Locomotion of 1825
and Derwent (Plate 87) of the late 18305—are preserved at Darlington Bank
Top Sunon (85/NZ 204140).

The masonry arch in a variety of shapes and sizes was by faf the commonest
type of railway bridge structure until the 1860s and 18705, when fabricated



87 Stockton & Darlington
locomotive  Derwemt pre=

served ar Darlingron: Station

girders began to appear. The Liverpool & Manchester has two fine masonry
viaducts by George Stephenson i the nine-arch Sankey Viaduct near
Warnngton ilur_:l-'S'T $60047) carrying rracks 7oft above the v:t“c} floar, and
a1 smaller one of four arches at Newron-le-Willows {100/5] s91954). On the
sime railway the skew arch bridge carrying the main Liverpool to Warning-
ton road over the line at Rainhill (100/5] 201914) has been widened, bur the
basic structure of the arch with 1ts intricate compound eurves is still intact
beneath the present deck. Little remaing of carly station buildings, although
thye 11n!_{|1|.|“ & MR eastern terminus at |.n-'1;'rpn-c-| Road Mar

chester (o1 [5)
%30078) sull has some of the origimal offices and receprion areas: Line=side
buildings were domestie inseyle, mbuenced if anything by CONIEMpOrary
road and canal architecture. The cottage situated in Bridge Road, St Johns,
Stockton- on-Tees, on the 5 & DR, and claimed to be the first railway book-
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ing office, i« now administered by Tecsside Museums. There is a building
with more obvious lineage at Bagworth (121/5K 446091) on the Leicester
& Swannington Railway, opened in 1832; with its half-hexagonal end and
p:gm:'l for 3 non-existens tollboard, it is 2 perfect replica of a contemporary
tollhouse and is now, since the demolition of the gem at Glenficld, the only
one of 1ts kind on the line and a curious example of the transter of style from
one transport system to another.

The remains of the fisst inter~city main lines, like the London & Bieming-
ham and Great Western, are surprisingly common, and as spectacular today
as when J. C. Bourne tecorded them in his dramatic series of lithographs of
the early r840s. At Tring, Hertfordshire (159/SP 940137) the great cutting
(Plate 88) is 24 miles long and 6oft decp, and at Roade another bites 7oft
deep into the Northamptonshire hills (146/SP 750525). The greatest work
on the L & BR, however, is Kilsby Tunnel (133/5F 565715 1o 578697); nearly
(4 miles long it is marked on the surface by the brick towers of its ventilating
shafts, the largest of which are 6oft in diameter. All these works reflect

#8 Trng cutting, Henfordshire, cot in the late 18308 for the main line of the London
& Birmingham Railway and subsequently opened our to four-track width
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Gearge Stephenson's insistence on gentle gradients; had the line been built
20 years later, Kilsby Tunnel could have been avoided altogether.

Stations on the L & BR have not fared so well. The destruction of the
Euston arch, Pllip Hardwick’s' magnificent gateway to the world's first
main line railway, was a major loss. It is perhaps some consolation that
Euston’s demtse was 2 major contributory factor towards creating an
mformed and articulate lobby prepared to argue the case for preservation.
Indeed the industrial archacologist of the future may well look back on the
loss of Euston as the first grear sacrificial price that had to be paid before
other monuments of Britain's industrial heritage could be spared. North
of Euston, however, ax Camden, stands a very tangible memorial to the
carly days of the L & BR—the roundhouse locomotive shed (166/TQ
282843) designed by George Stephenson and built in 1837 at the head of the
mile-long incline up from the terminus iself. Inigally the trains were cable-
hauled out of Euston, locomotives taking over at Camden for the journcy
norch. Hardwick’s othet terminus building, at Curzon Steeet, Birmingham
(131/SP 08a871), with its lonic columned facade and affice block substantially
intact, maintains a dignity and presence truly monumental in character amid
the grimmest of urban surroundings. Birmingham could ill afford its loss.

Another carly mam line built in the grand manner, and of which con-
siderable: evidence survives today, was the Grest Western connecting
Bristol with the Metropolis. Conceived in Bristol and engineered by
Isambard Kingdom Branel, only 30 years old when the railway's Act was
passed in 1836, the Grear Western was part of 3 splendid vision, the child of
a brief spell when Bristol recalled its former glories and saw iiself again as
the Gateway to the West. Brunel alone among the engineers of his period
rethought the railway from basic principles and argued that in engincering
terms & much wider gange—he adopted 7ft—wauld provide a better ride,
permit higher speeds, give greater carrying capacity and allow much more
latitude for future development than 4ft $4in, There can be no doubr that
he was night, in engineering terms, bug unformunstely there were other
factors to be considered. Goods and passengers had to be changed wherever
the standard and broad gauge met, and there wa no passibility of through-
running trains ot rolling stock. By the end of the nincteenth century, when
Britain had the second densest rail network in the world (after Belgium),
the Grear Western had to capitulate and change to the seandard gauge, an
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operation which was completed in 1802,

The journey west from Paddington is d triumphant succession of major
civil engineering works culminating in the minute (by modem standards)
but still surprisingly complete terminus at Temple Meads, Bristol. The firse
Paddington station has gone, repliced by the magnificent multiple-aisle
transepted train shed of 1854, designed by Matthew Dighy Wyartt, The
transepts give the whole roof structure 4 remarkably complex appearance,
but they did once fulfil 2 vseful purpose, providing clearance for carriage
traversers, now extinct mechanisms for moving individual vehicles laterally
from one track to another.

The first major work westwards from Paddington is Hanwell Viaduer
(160/TS 150840) spanming the valley of the Brent m eight yellow brick
arches and demonstrating in a restrained way Brunel’s predilection for the
Egyptian style, to be scen also in his Clifton suspension bridge ar Bristol,
The armus of Lord Whamcliffe were placed on the south face in honour of
one of the staunchess supporters of the Grear Western Bill in Parliamen,
At Maidenthead comes the first crossing of the Thames (159/SU go1810),
on two 128ft semi-clliprical arches, their rise of only 24ft 6in making them
the flattest brick arches constructed at that date. Westwards agan the line
passes through the grear cutting at Sonning (150/SU 759743), origimally
planncd as a wnnel some 2 miles long, before reaching Reading and the
route up the Thames valley towards Dideot (Plate $9). In following the
Thames the line departs from the wadinonal route to the west, taken by the
Bath Road and the Kennet & Avon Canal, o pursue 3 miore northerly
course across north Wiltshire 1o a summit west of Woonon Bassert, The
descent into the valley of the Avon through the 2 mile tunnel ar Box is the
climax of the lnc. Box Tunnel, with its gradient of 1 in 100, was to be for
Brunel whar Kilsby had been for the Stephensons—the civil engineering
tour de force of the line, the one major work on the suceessful completion of
which the railway depended. In addition to the engineering problems of
this greatest railway munnel so far anempted (it killed over 100 men duri
comstruction) almost every conceivable bad omen was called down upon i,
with predictions of wholesale death and disaster for any wha venrared
inside, Bue the tunnel was completed, 9 months behind schedule, n the
summer of 1841. At its western end (156/ST 820689) Brunel, always sus-
ceptible to a serung in which to make a grand gesture, created a portal that



89 Great Wstern Railway broad-gauge standard-gange goods ranster shed, Didcot,
Berkshire

epitomuses the early milway age and the man. Is dignified architectural
style and enormous proportons sit perfectly in the curting east of the Bath
Road, which the I’.I:Il\.'-'.l':. here repoins. Only Brunel could stage-nunage this
suIpreme advertisement for the new Great Westemn Railway at the entrance
to: that ‘'monstrous and extraordinary, most dangerous and impracticable
nmnel ar Box'. West.of Box the line contmues is descent towards Bath.
which 1f enters :hr-:m-::fl 4 beaufully  brshed cutting .ulnn:__*_ the 1'11__;3' of
Sydney Gardens and a great viaduct of seventy-three arches on which
stands the station, now much alrered. Between Bath and Bristol are five
maore tunnels (there were onginally seven but two were apened out in 1804),
a twenty-eight arch viaduet at Twerton and Four large bndges now all
substantially modified. In Bristol inelf is the grand finale, the rerminus at

. |
Temple Meads, the most complete sarly milway werminus in the world, with
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1s 72t span timber-roofed train shed and Tudor-style office block fronting
on to Temple Gate. Although the train shed s fulfilling a new function asa
car park for the later Temple Meads, completed in the 18705, the office
block is wirtually nnused and under threat of demolition for the inevitable
road widening. No railway station extant today 15 more deserving of
preservation.

An aspect of any major railway project, for which no real precedents in
other forms of transport existed, was the provision of repair and maintenance
facilities for locomotives and rolling stock. On the London & Brimingham
a works was established approximately halfway along the line at Waolverton,
and on the Great Western a similar “green field’ simation was chosen by
Brunel about a mule north of the marker town of Swindon m north Wiltshire,
On Brunel's Great Western over 70 of the total of 118 route miles had a
ruling gradient of less than 1:1,000, on 4o more this was inereased to 1:750
and only in the western section, between Wootton Basset and Bath, were
steep gradients encountered ar all, the 3 miles including Box numel mvolv-
ing the sharpest secrion ar 1:160. The chioice of Swindon as a suitable place
to set up a locomotive works thus seemmed nor only from its approximate
mid-point position, It was a place where locomonves suiable for the heavy
gradients. of the western section could be changed and also, as an added
advantage, a point where the projected brinch to Gloucester and Cheltenham
could meet the main line.

Swindon was the first of the major milway towns, for Wolverton was
eventually to be eclipsed by Crewe. Despite Swindon's enormous industrial
diversification in the last 10 years or so, it retams something of the flavour of
the Great Western about it. MNeat terraces of workery' houses faced in the
local stone were buile by the milway company around the entrance to the
works on the south side of the line, and these, together with the msurute and
church, formed 1 new town second only perhaps ro Saltaice near Bradord
as an example of planned urban development. One of these railway-buile
buildings, possibly designed by Brunel himself, houses the Grear Western
Railway Museum, which contains 3 small but comprehensive collection of
locomotives, including the replica broad-gauge North Star, and innumerable
small items which add up to form the complex organism that wis a railway.
The Great Western name 15 still kept alive by numerons preservanion
societies, and it Jocomotives and stock are run ar Dideot by the Greae
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Western Society, on the Dart Valley Railway in Devon and on the Severn
Valley Railway, centred on Brdgnorth, Shropshire.

Cariously, some of the most widespread picees of archacological evidence
of the carly days of the Great Western are sections of broad-gauge rail
designed by Brunel and made redundant by smndardisaton of gauge.
Brome| designed his broad-gauge rrack wath a conunuows longradinal

“tunber sleeper beneath each rall 1 give good but resilient support, and
these longitudinals were tied cvery 156t and the ties initially piled into the
trackbed. On the timbers were laid rolled-wrought-iron tails of "top hat’
secvion fixed down by bolts through the base flange or "brim' of the hat. It
seetis probable that Brunel devised this paricular section to give maximum
strength for 4 minimum amount of iron, and alio powibly to arrive at &
section. that could be rolled satisfactorily withour suffering the lamination
experienced on other types ot rolled iron rail at this period. With the eventual
adoption of stundard 'I" secrion bullhead rails, first in iron and Later steel, the
‘bridge rail’, as Brunel's rail was called, became redimdant; bue it was re-
wwed for fencing stakes and as such can be found all over the old Grear
Western system, as far west as- Comnwall and Pembrokedhire and north-
west in Cheshire on the line to Birkenhead Woodside. A similar rolled section,
althouglt probably not re-used rail, can be seen in the roof girders of the
Swindon railway works drawing office. Another rype of eail, used on the
Grear Western and by some standard-gauge companies and devised by
W. H. Barlow, aimed ar dispensing with the longitudinal timber baulk
altogether, the rail being laid directly into dhe ballast. Of an expanded “top-
hat’ section withya base width of 12in, it was not a great success, but sections
of the rail can still be found quite frequently in the form of gate-posts 10
goods and coal yards, mainly on old Grear Western lines.

Although few other railways were to be buile throughout to the standards
of the Grear Western, dozens of major engineering structures and thousands
ot minor ones dotted the immense network of lines which grew up through-
out the remainder of Victoria's reign. Some 25,000 bridges were added by
the railways to the British landscape between 1830 and 1860 alone: The
majority still survive, many in substantially ongmal condition and mast still
in use. A number of bndge types have aleeady been mentioned and the
point made that in the early period of railway building brick or HIASONTY
atch structures were by far the most numerous. The largest masonry span



RAILWAYS 385

in Britain is the 181ft Ballochmyle Viaduer (67/NS so8254), built in 1848
on the Glasgow & South Western Railway between Kilmamock and
Dumiries to the designs of the Scotush engmeer John Miller. Almost as
spectacular is the seven-arch Vicoria Bridge across the River Weur in
Sunderland (78/NZ 396573), completed in 1838 by the Durham Junction
Railway, with a largest span of 161ft.

Most major brick and stone-arch bridges on British ratlways have multple
arches with spans ranging from 25 to soft. A fine early example with
unusually large spans of 6oft is the twenty-arch Dutton Viaduce (109/5]
$83764) built by George Stephenson and Joseph Locke to carry the Grand
Junction Railway linking Birmingham with Manchester and Liverpool
across the valley of the River Weaver in Cheshire. By far the longest arch
structure, however, was buile as late as the 1880s, when the Midland Railway
put in its alternative route to the Soar valley ling running from Kettering via
Oakham and Melton Mowbry to Nottngham through the rich Jurassic
iron-ore fields of cast Leicestershire, Harrmgworth Viaduer (133/5SP 914975)
across the Welland Valley, Rutlind’s only major mdustnial monument, is
swie 3,500ft long and has eighty-owo brick arches. It is litle used roday
except by occasional mineral trains.

By the end of the nimeteenth century almose all bnidges were being buils
in wrought iron or steel, but concrete was just sufficiently developed and
accepted as 3 building material to be used in some of the last viaducts con-
structed on British lines. There is an example at Glenfinnan (35/NM g10813)
on the Mallaig extension of the West Highland Rulway, opened m 1898,
which has twenty-one arches cach of soft span and is built on a curve of 12
chains radius (Plate 9o). The concree is not reinforced but simply poured
into timber form-waork, the curve being achicved by tapering the piers so
that simple semi-cylindrical arches could be used. To allow for any possible
differennial settlement of the piers, a sliding joint consisting of two steel
plates is incarporated m the crosn of cach arch, but no noticeable movement
has ocrurred since the bridge was builr.

OFf the variety of metal bridges built to carry railways, the carlicst lirge-
span types were beam structures made in the form of tubular or plate girders.
The Bntanma rubular bridge (107/SH s42710) built by the Chester &
Holyhead Railway across the Menai Straits was the most important of these,
not merely as a railway structure bur as a Jandmark in the evolution of



90 Masconcrete viaduct 3t Glenfinnan on the Malhig extension of the West
Highland Railway, 1403

avil engmeenng. It marked the first use of the beam principle for a long
span bridge, and its design and comstruction was the culmination of the
model experiments carried out by William Fairbairn {178g-1874) and their
translation into usable theoretical terms by Earon Hodgkinson (178p-1861).
Hoberr Stephenson, engincer to the Chester & Holvhead, approached
Fairbairn, & shipbuilder and engineer of Millwall, London, as carly as April
1845 regarding the desirable shape of the wbular deck of 3 wrought-iron
suspersion brdge he was proposmg. By December of 1845 Farbairn, in
consultanon with Hodgkinson, who was later appomted Professor of
Mechanical Principles of Engineering at University College, London, had
evolved a recrangular seetion beam design, cellular ar the top and bottom
ko resist any possible collapse through compression of failure through
tenmon. Fairbaim advocated the vse of the mbe a3 simple beam structures,
sugEesTng that chains would be unnecessary, & onc-sixth scale model of
otic of the bes was tewed 10 desuction before the evenrual ii!fﬁrl.';ﬂ was
arnived at and comstruction of the Menai bridge and its smaller nci:zhbuu.r
ar Conway (107/SH 787776) could begm. Conway ‘was buiile I'lmh‘“ the
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tubes were snaller and only had to be raised some 18ft. It proved a useful
trial run for the larger-scale and much more hazardous operation at Menai.
Both bridges consisted of a pair of parallel tubes, cach containing a single
track: At Menai Stephenson was able to avoid heavy underwater engincering
by siting the central pier on the Britannia rock in the nuddle of the Straits.
By carly 1846 the working drawings for the piers were well advanced, at a
period when Stephenson was still considering the use of chains, The piers,
were, in fact, built considerably higher than the level of the tubes and the
holes through their tops for the chains that were never used are a feawre of
the bridge roday. As at Conway, the tubes were built on shore and fioated
into position, hydraulic rams being used to elevate them. When all were
raised, they were riveted end to end to form a pair of continuous beans,
t,s11ft long, Stephensan hinself driving the last cver on § March 1850,
s completing the world's longest span bridge at that time and also, at
£600,000, the most costly. The bridge carried main line traffic to and from
Holyhead until fuly 1070, when a firc i wooden staging inside the tubes
resulted in their distortion beyond all hope of repar. Today a steel-arch
structure sits, far from happily, between the piers, and the most imporrane
single monument of wrought-ron bridge building and early suructural
theory in the world is gone, Conway still survives, however, and, although
strengthencd  with intermediate  piers near each end. illustrates the
constructional technique, but it has neither the dimensions nor the grandeur
of the great Menai Bridge.

Shghely later in the 18505 wrought iron was used for an ingenious railway
bridge designed by 1. K. Brunel to carry the line of the South Wales Railway
over the Wye at Chepstow (156/ST $39941). The two parallel mam spans,
of 300ft, consisted of plate girders supported by chains from piers at each
end, but insecad of carrying the chamns back to an anchor poms on the ground,
Brunel held the piers apart by wrought-iron tubes 8ft in diameter. The
tubes could not support themsclves over this distance, so they were in tum
supported from the bridge deck by wrought-iron A frames. Brunel's
Chepstow Bridge was replaced by the present lattice stec structure in 1962,
but the much more sophisticated design which derived from it suill carries
the old Great Western niain line across the Tamar from Devon into Cornwall.

The River Tamar represented the most formidable obstacle o the
westward progress of the Cornwall Railway from Plymouth and, as ac
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Menay, the exacting Admiraley stipulations about clearance for heights for
shipping had w be met to the letter. Brunel was faced at Saltash with the
problem of bridging 1,000ft of tidal water at a height of rooft. The design
eventually decided upon owed something 1o Chepstow, but here the tubes
were elliptical in section, arched in profile and selfsupporting, Besides
withstanding the inward pull of the suspension chains, they shared with the
chains the load of the bridge deck. Each of the spans s of 445ft, the com-
posite truss, consisung of tube, catenary chains, suspender rods and deek,
being oft deep at its centre and containing 1,600 tons of wrought iron.

The problem of the central pier was solved by using 2 37ft diameter
cylinder or cison—the "Grear Cylinder’, weighing abour 300 rons—
which was lowered verncally through the water and mud to rest on the
bed rock of the estuary Hoor, The whole end of the cylinder was sealed
off by the use of an airught bulkhead, and in this pressurised space the
foundations of the masonry pier were buile, This was the first example of
the use of a pressurised caisson for underwater work. Saltash Bridge (Plate
1) was opened to traffic by Prince Albere on 2 May 1850 but by then Brunel,
who had gone abroad for his health before the second span had been raised,
was within a few months of death. He returned ro cross his bridge on s
couch placed on a Hav truck. Four months Liter he died and the inscriptions
on the piers of Saltash Bridge, "I, K. BRUNEL - ENGINEER - 1859",
were placed theee in his memory by the grateful directors of the Cornwall
Railway,

By the 1860s wrought-iron bridges were becoming numerous. In the
main they wtilised fabricated plate ' section girders for small spans and lattice
girders over greater distances. A fine example of a large wrought-ron girder
bridge is to be seen ar Runcomn (100/8] $00835), where the L & NWR main
line to Liverpool crosses the Mersey (and the later Manchester Ship Canal)
on three 30sft spans. The bridge was completed in 1863, At Charing Cross
a ming-span wrought-iron lattice girder bridge designed by Sir John Hawk-
shaw was opened in the following vear on the site of Brunel's Hungerford
suspension footbridge, which had been acquired by the South Eastern Railway
and demolished. In later years Charing Cross Bridge was widened to carry
three further tracks. Wrought-iron, sometimss in combination with cast
iron, was also wsed for a series of remarkable and clegant lartice girder
viaduces thar crossed steep valleys ar high level. The first of them, built at
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91 Brimel's Royal Albert Bridge, Saltash, spanning the Tamar between Devon und
Comwall
Crumlin, Monmouthshire, m 1857, had ten 1501t spans in the form of lattice
beams known as Warren triangular girders after Captain James Warren,
who, with W, T. Manzoni, p;tc:uml the system in 1848, The essence of the
design 15 that no members i the girders are subjected to bending stresses,
only to simple tension and compression. The piers were made of cast-iron
columns braced laterally and diagonally with wrought-iron rods, giving
the whole viaduct 2 delicate and ethereal quality which belied irs strength,
Crumlin Viaduet has been dismantled, as have two of basically similar design
built in 1859 at Belsh, Westmorland, and Deepdale; County Durham.
Only Meldon Viaduet in Devon (175/SX $65024), built by the London &
South Western Railway and completed in 1874, survives as a representative
of the lattice girder and pier type of construction

The final and in some respeets greatest peniod of railway bndge building
came very late in the evolution of the network and was part of a move 1o

‘L d-m L
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shorten existing and often circuitous routes. The last barriers to direct rilway
commumication were the grear estuaries of the Tay, the Forth and the Severn,
estuaries which were not 1o be tackled by the roadbuilders until nearly a
century later. The first major railway bridge of this type was completed
across the Tay in (878, and m the following year, as a result of design and
construction faults, was swepr away in s gale with the loss of seventy-five
lives. It was a wrought-iron latrice girder seructure like its wiccessor which
stands today, the last of the great wrought-iron bridges and, with a total
length of 10,711f, the longest railway bridge in Britain. The present bridge
was designed by W. H. Barlow and opened on 20 June 1887. Beside it can
still be seen the stumps of the piers of Bouch's narrow and spindly creation.
The second Tay Bridge was the first civil engimeering work in Britain in
which an cfort was made @ calculate and allow for lateral wind pressure,
It was designed to resist 56lb per sq fi. giving a generous margin of safety
and resulung in a rather solid and ungeaceful structure, The next estuary to
be tackled was the Severn, which was crossed in two places. The first crossing
was completed in 1879 near Sharpness with wrought-iron bowstring
girder bridge, 4,161ft long and carrying a single track. Tt was hardly a trunk
route bnidge, however, being designed muinly to give aceess w0 the Forest
of Dean coalfield, and after being struck and badly damaged by a barge in
1960, it was subsequently demolished. The maimn crossing of the Severn
came much lower down the estuary in the form of Britain's longest runnel,
opened in the 1880s.

The bridging of the Firth of Forth was the grand finale for the nineteenth-
century bridge builders. It was the largest cantilever bridge in the world
when opened in March 1890, and the first large avil engineering structure
to be built in muld steel instead of the radivional wrought iton. The scheme
to bridge the Forth started in camest in 1873 when the Forth Bridge Com-
pany, a consortium of the North British, Midland, and Grear Northern
railways, was formed. Thomas Bouch, designer of the first Tay Bridge was
appotnted engineer and work had already started on an enormous suspension
bridge when the Tay disaster occurred. Work on the Forth Bridge came to a
standstill, the suspension bridge scheme was dropped and two new engincers.
Benjamin Baker and John Fowler, were appointed in place of Bouch. In 1883
the contract was ler for a cantilever bridge based on three towers made of
raft diameter steel tubes riging 361ft above high water. From each rower
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the lartice-braced cantilevers stretch out towards those of the next tower, the
connection being made by two suspended Littice girder spans. Approach
spans at each end ase of conventional lattice girders on tapered granite picrs.
The central rower stands on the litde ishind of Inch Garvie but the other two
have concrete bases built in caissons: wrought-iron caissons yoft i diameter
were in fact sunk into the clay bed of the Firth under each of the four tubes
of the towers. The Forth Bridge has a toral length of §,206f1.

In additon to the main rypes there were a number of minor rypes of
railway bridge in Great Britain. Some were quite numerous but have now
gone, like Brunel's imber viaducts in Devon and Comwall, of which only
the masonry piers can be seen here and there, Wooden viaduces sall run
across the Mawddach estuary south of Barmouth (116/SH 624150) and
turther north on the same line ar Penrhyndeudracth (116/SH 619384). Cast
iron, too, was used as 3 bridge-building matenal surprisingly late in the
railway age. At Ironbridge, Shropshire, the Alberr Edward Bridge of 1863
15 sull in use (118/S] 661038); it was designed by John Fowler. later of Forth
Bridge famie, and cast by the nearby Coalbrookdale Company. In Derby an
even later cast-iron arch, of 1878, crosses Friargate (121/SK 347364), Buile
by the Grear Northern Railway, it was cast in the Derby foundry of Andrew
Handyside, and exhibits par excellence the decorative possibilities of cast iron;
the parapet panels and spandrels are full of floral omament and also display
the town's coat of arms, all cast in relicf.

The large number of viaducts on Briush railways reflects the need for
well graded, direct routes across undulating country, the same factors that
resulted in so many tunnels. In towns, to, viaduets and tunnels are numerous,
the obvious answers to high land costs. Paradoxically, tunncls in particular
are nowhere near as common on lines in the mountainous areas of Wales
and Scotland, where the economic incentive for a direct route was usually
low and the ropography so severe that circuitous valley-located routes
involving minimum engineering works and therefore minimum expenditure
were the norm. It must be remembered oo that many of the lines in Wales
and Scotland were built lae in the railway era after the fist Aush of
extravagance had died away. Thus there s only one timnel in Wals over
2 miles long, at Blacnau Fiestiniog (107/$H 687505 to 697460), and there are
none at all in Scotland. Britam's major ratlway tunnels are therefore concen-
trated in the Pennines and lowland England, cutting through what in many
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places appear to be insignificant hills. Kilsby Tunnel through the North-
amptonshire uplands has already been mentioned as an example of a shallow
depth bore made necessary by Stephenson's stringent gradient requirements.
Another carly Stephenson tunnel, the first railway tunnel in the world over a
mile in length, is av Glenfield in Leicestershire (121/SK 545065 to s61061)
on the Leicester & Swannington Railway, opened in 1832. Is narrow single-
track bore is now closed. Quite unavoidable, however, was the el onder
the Pennines at Woodhead (102/SK 114900 to SE 156023) between Man-
chester and Shefficld, completed in 1845 after 3 7 year saga of death and
disease in the workings and the shanty navvy encampments on Pikenaze
Moor above. Buile initially for a single track, it was later duplicated, and
then in the 19508 replaced altogether by a modern double track tunnel
put m (0 accommodate the 1,500V DC electrification scheme initiated by
the London & North Eastern Railway. The stark portals can be seen, however,
and one of the bores is now doing useful work carrying a power line that
would otherwise hiave necessitated unsightly pylons across the moors.

To the industrial archacologist the nost obvious evidence of wunnels is
their portals and, on the longer bores, their ventilating shafts. Unlike the
canal builders the railway engineers used tunnels as an excuse for archirecrural
extravagance, of which numerous examples can still be seen. The south
poral of Primrose Hill Tunmel (160/TQ 276843) on the London & Birming-
ham 14 miles out of Euston is Italianate in style, while ac Shugborough in
Staffordshire (119/5) 082216 o 988216) onc end of the tunnel is castellated
and the other Egyptisnesque. In the latter case the cosmetic architectural
wreatment, like that of the adjacent bridges, was required by the Earl of
Lichfield, owner of the estte through which the line passed. Two other
‘fortified” portals are to be found at Redhill (121/SK 496308) on the Midland
main line between Leicester and Derby and ar Grosmont (86/NZ. 829051)
on the abandoned alignment of Stephenson’s Whithy & Pickering Railway.
At Bramhope, Yorkshire, the 2 mile tunnel on the Harrogate line has an
omate castellated north porral (06/SE 256438) which 15 reproduced on a
smaller scale at nearby Odey Churchyard (96/SE 202455) a5 2 memorial o
the men killed during its construcrion.

Britain's longest railway tunnel came late in the railway era and, like the
longest bridges, spanned an estuary. From the 1850s the mouth of the Severn
hdbmannhndtmmlunﬁc&nwmﬂaumWMMﬂM_
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which had to travel via Gloucester. In 1863 the first attempe at a shorter
route was completed with the opening of the Bristol & South Wales Union
Railway to New Passage (153/ST 544864) and a ferry connection to Port-
skewert and the South Wales Raillway. Little remains of this venture roday
other than the stone lindward section of the original timber pier and the
flourishing New Passage Hotel, At Blackrock on the Monmouthshire side
(155/ST $14881) two bodges andan overgrown curing are all thar remam of
the connection with the main line. A nunnel as the final answer to erossing
the Severn by rail was devised as early as the 1866s, taken up by the Great
Western Railway in 1872, and eventually completed in 1886 at a cost of more
than (14 million. The Severn Tunnel when completed represented the
ultimate in the engineers’ fight against adversity. A natural freshwater stream,
the Grear Spring, was broken into and the workings were fooded by the
river, delaying operations for about 3 years. The Great Spring has had to be
pumped ever smce, muttally by steam engines and now by clectricity. Ac
Sudbrook (155/ST s07874) the huge 20ft shaft through which most of the
Great Spring water is pumped can still be seen, but the six superb 7oin
Comish beam pumps have been scrapped.

The design of paswenger railway stations presented engineers and archirects
with considerable problems, for they were working in a field where no
precedents existed. The logistics of handling large numbers of people arriving
and departing simultaneously represented something completely new, and
demanded 2 parncolar type of building combining all the basic functions
in a logical and well articulated way. Thus the layout of stions is peculiar
to the nature of railways themselves and represents 3 response to a specific
challenge. In architectural terms, however, the designers of railway stations
exhibited less originality, and, although the great roofs of termini were
undoubtedly allied closely to the function of the station, the treatment of
fagades, of booking office blocks and of railway hotels was frequently
pedestrian and derivative in the extreme. On the other hand the railway
companies were responsible for some very good architecture both in large
city stations and simpler rural surroundings. Railway architecture has become
a study 1n iself and raillway buildings, which often reflected the relanve
wealth and desire for presuge of their owners, illustrate in microcosm many
of the essentialy of Victorian architectural thought, As we have scen, the
first railways required little in the way of buildings, but as early as 1830 the
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termini of the Liverpool & Manchester Railway, of which the Manchester
one still survives, had the essentials of booking office, waiting rooms and 3
sheltered platform for the passengers. By the late 18305 the U-shaped
terminus station that was 1o become the standard had evolved, with arrival
and departure platforms linked by a cross platform containing the entrances,
waiting rooms and offices. An carly example, now demolished, was Nine
Elms, designed by Sir William Tite. Brunel's Temple Meads, Bristol, is
another, which happily still exises.

Most carly termini had one arrival and one departure platform, often
separated by a number of tracks on which empty rolling stock could be
stored. As traffic increased, the area of sidings in the centre was reduced and
further platforms added. This happened a King's Cross [160/TQ 303831),
the London terminus of the Grear Northern Railway, which was designed
by Lewis Cubitt and opened in 1832, King's Cross is a classic terminus,
its simple brick facade penetrated by the arches of the double train shed
behind expressing so perfectly its ‘arrival’ and ‘departure’ functions, Cubit's
claim that the sration would fulfil irself architecturally through ‘the largeness
of some of its features, its fitness for its purpose, and its characteristic ex-
pression of that purpose” is admirably demonstrated.

Much more typical in London and other major provincial termini has
been the combination of the hotel with the station offices in the transverse
section of the U, resulting in the train shed being completely obscured.
Nawhere is the duality of function and treatment better demonstrated than
at 5t Pancras (160/TQ 302829), the terminus buile by the Midland Railway
when it finally gained access to the capitalin the late 1860s. Bath companents
of the station are larger than life; the iron and glass train shed by W. H.
Barlow and the Butterley Company is enormous, its span of 240ft then
being the largest in the world, and in frone Sir Gilbert Scotr’s romantic red
brick Victorian Gothic hotel is; in its architect’s words ‘possibly too pood for
wts purposc’! St Pancras is still, happily, an operating station dominating the
Euston Road, the ultimate expression of Vietorian confidence and the might
of the railway.

Other London termuimi incorporating hotels are Paddingion (where
Philip Hardwick's building of 1854 is architecturally interesting as an early
example of French Renaisanee and Baroque influence in England), Charing
Cross, Cannon Street, Liverpool Street and Marylebone. The last named,
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where the hotel now provides the headquarters for the British Railways
Board, shows a marked disparity n size between the huge hotel block and
the mimature station behind it. Marylebone, the terminus of the last main
line into London, was built in the late 18508 by the Manchester, Sheffield
& Lincolnshire Railway, which, ro celebrate its new-found status, changed
its name to the Great Central Railway in 1897. Today Marylebone only
handles suburban traffic, the main line to the north through Rugby, Leicester
and Noningham having gone after little more than 6o years of life.
Through stations presented peculiar problems of design, particularly when,
as was often the case, the town lay on one side of the railway. It was con-
sidered undesirable for passengers to have to cros the lines, so there was
sometimes just one long single platform for both up and down trains. At
Reading and Slnugli Bruncl built stations of this type, with up and down
station buildings both on the south side of the line, and at Derby Francis
Thompson did much the same along the street side of an immense 1,050ft long
platform (121/SK 363355). Although there were clearly some advantages
in this type of layour for the passengers, the operanng difficulties were
considerable, since trans had to cross each others” paths on entering and
leaving the stmtion. Only one survives today in operational form, a
Cambridge (135/TL 462573), the GWR starions having been rebuilt, and
those ar Derby, Chester General, Huddersfield and Newcastle having been
given extra platforms. Thompson's Chester station of 1848 (100/5] 413660)
still retaing its great facade—over 1,000t of vaguely Venetian symmetry in
stone-faced brick pumcruated by little towers. The awning was added later.
Almost every conceivable architecrural style can be found somewhere in
British railway stations, Initially classicism was favoured, as ar Euston and
Birmingham Curzon Street (131/SP 080871), and it later spread vo Hudders-
beld (102/SE 144169), Monkwearmouth, Sunderland (78/NZ  306577)
and, finest of all, Newcastle Central (78/NZ 245638). Huddersfield, by J. P.
Pritchett, is an example of a station (Plate 92) planned to be balanced by the
same architect’s designs in other adjacent buildings, in this case the George
Hotel and Lion Arcade in St George's Square. Similarly at Stoke-on=Trenc
(110/S] 879456) R. A. Stent matched the second Stoke station with the neo-
Jacobean North Srafford Hotel on the opposite side of the square, while in
Ashby-de-la-Zouch, Leicestershire (121/SK 355163), the frontage of the
beauriful lirle Grectan station of 1849 (now disused) was part of a grand
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plan to develop a spa town. Perhaps the last purely classical station facade
is that of the also disused Bath Green Park (166/SO 745647), built in the
carly 18708 as the terminus of the Midland’s branch from Mangotsfield
and the Somerset & Dorset Railway

The Tudor style appears in Bristol Temple Meads and Shrewsbury
(118/5] 494129) but is exemplified in its purest form in the Carlisle Citsdel
station of 1847, designed by Sir William Tite and described as Britain's
‘finest piece of railway architecture in the sixteenth century collegiate style’.
Jacobean' stations are mainly small, as at Maldon, Essex (162/TL 853077),
and Stone, Staffordshire (119/S) 896346), although an unusua Ily large railway
building in this style is the old General Office of the Bristol & Exeter Railway
beside the approach o Temple Meads station in Bristol (156/ST s06724),
completed in 1854 to the designs of S. C, Fripp. The Italian idiom was used
by Tite in the laze 1830s on the London & Southampron Railway and the
original Southampton terminus (180/SU 422100) survives Euuq_l (see also
Gosport station, Plate 93). Campaniles in the same vein appeared in the
pumping stations installed by Brunel on his “atmospheric’ rail way along the
south Devon coast, but only Starcross (176/SX 977819), dating from 1846,
is in anything like complete condition.

From an architectural point of view the stations of citics and larger rtowns
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93 Ruinous colonnade of William Tiee's Gospore Stanon, Hampshire

must be considered in the context of the other public buildings, with which
they ofteny compare well, It is in small towns and villages, however, that
‘-“E“'A}' architecture rm[l‘,r‘ comes ineo 1ts own, and where stattons and often
ather railway buildings mosr frequently reflect the characteristics of indi-
vidual companies. Their varicty is enormous, but careful observation of the
works of 3 particular railway will soon reveal similannes of style and frequent
use of standardised components, Indeed one of the major contributions made
by the larger British railway companies was in the development of pre-
fabricated buildings based on a range of standardised components, Thus
't]'armighnut the ternitory of the Midland Railway, for example, from St
Pancras 1o Carlisle and Lincoln to Avonmouth, one may find signal boxes,
station waiting rooms, level crossing gates, phtfurm |.1mps and awnings fit-
ting into one style. The typical Midland signal box was of unit construction,
tomprising standard nmber posts, beams and panels that could be built in
any number of bays, depending on the number of signal and point levers
in the frame. Waiting rooms, too, were of standard design and, although
wsually buile of brick, included standard components such as doors, barge-
boards and cast-iron window frames. It1s in this field of what IT]Ight‘ be called
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‘vernacular railway architecture’ that much interest lies, and where, as the
result of the great reduction in the number of passenger stations: over the
last 10 years, comsiderable recording and preservation effort is needed.
Fortunately railways have received the attentions of innumerable enthusiastic
devotees anxious ro record every detail of & particular system, and although
thewr cfforts have tended to be concentrated mainly on locomotives and
rolling stock, other aspects of railway operations are receiving increasing
attention.

The whole field of aperational railway preservation is in itself a remarkable
phenomenon, which has resulted in a number of lines being kept running
after official closure and others being revived and brought back into use,
sametimes after many years of complete derclicrion, The first line in the
country to be saved by enthusiast interests was the Talyllyn Railway, which
m 1953 had been brought to the point of closure by declining slate eraffic
and road competition. Built in 1863 to serve slite quarries ar Beyn Eglwys,
it was opened for goods in the same year and for passengers in 1866, Today
the aft 3in gauge line, covering the 6] miles from Wharf Station, Tywyn
(127/SH 386003), to Abergynolwyn (127/SH 671064). carnies over 130,000
passengers cach season. Also at Tywyn is o narrow-giuge railway museum.
Other operating narrow-gauge railways in Wales include the Festiniog,
running from Porthmadog (116/SH 571384) to Dduall; the Welshpool
& Llanfur Light Railway, based ar Llanfair Caerimion, Montgometyshire
(r17/5] 106068} ; and the Vale of Rbeidol, Bratids Rail’s only steam-operated
line, which runs from Aberystwyth (127/SN 8381 5) to Devil's Bridge
(127/SN 738769). Ao in Walss and unique in Britam 15 the Snowdon
Mountain Railway, a aft 7hn gauge rack line that climbs from Llanberis
(ro7/SH 383597) to a haghe of 3,401t It was opened in 1896 and operates
with o-4-2T inclined bailer locomotives of Swiss manufacture,

Standard-gauge preservation schemes are widespread chroughour the
country and vary enormously m their aims and methods of aperation.
Most are concerned primarily with running steam locomotives and, although
ostensibly “preservation societiey', few go further than preserving locomotives
and stock in original condition. Some, such s the Keighley & Worth Valley,
based ar Haworth (96/SE 035373) in the Wen Riding of Yorkshire, and the
Bluebell Railway centred on Sheffield Park Station (183/TQ 404237) in
Sussex, include locomotives and rolling stock painted in non-original liveries,
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whilst others like the Dart Valley Railway at Buckfastleigh (188/SX 746663),
Devon, and the Severn Valley ar Badgnorth {130/SO 715026), Shropshire,
maintin locomotives and rolling stock in the colours of their old owners.
[t is perhaps a linle regrettable that, despite all this wealth of mterest in
railway preservation, as yet no line has been retained as a living example of
how it used to be operated, with appropriate locomotives, stock, signal and
telegraph equipment and so on,



16 Ports and Shipping

Tue Industrial Revolution in Britain needed good nternal rransport systems,
but equally important was the provision of facilities for impart and export.
The ‘workshop of the world” was dependent on trade, and by the middle of
the nineteenth cenrury over 40 per cent of the entire world output of traded
manufactured goods were produced in Britain, through whose ports passed
over a guarter of total international erade. Over 9o per cent of British exports
were composed of manufactured goods, which comprised only 7 per cont
of imports. At no other nme has one country so dominated the world
economy. First canab and then ralways gave manufachirers access ro the
coast, where sophisticated ports developed to handle goods in and out.
Capital at Jeast equal to that absorbed by canals was invested in the con-
struction of these pores, although i was spread over a longer period.

In 1700 British trade was concentrated very heavily on London, which
handled over 8o per cent of the nation’s imports, 70 per cent of her exports
and 1o less than 86 per cent of her re-exports. Defoc remarked thar London
"sucked the vitals of trade in this island to 1eself”. n 1700 alio London opened
its first *wet dock” at Rothechithe. Previously Landon, like all other pots,
had been entirely ridal, with ships either tying up ar wharves and lying
an the bottam over low tide or mooring in the river and bemg loaded and
unloaded by hghrer. The Rotherhithe wet dock consisted of a basin with
entrance locks through which ships could pass into an area of water at
constant level, There cargoes could be transferred safely and quickly between
ship and shore. In Bristal, Britain's second port after London, ships made thcir
way laboriously up the River Avon to the wharves of the city, where they
lay on the bottom over low water. Bristol's exceprional tidal range, which is
4aftat Portishead near the mouth of the river, meant thar a shi p in port would
be grounded twice a day, and vessels wading regulardy with the city had to
have specially strengthened hulls.

It could take as long as 4 months to turn a ship round in Bristol, and many
had their backs broken while they were there. In 1712 2 wet dock was com-
pleted lower down the Avon st Sea Mills (1$5/ST 550760) and, although long
disused, substantial evidence of it can sull be seen in the form of 2 masonry
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wall and entrance lock. Sea Mills never became a real competitor to Bristol
uself, being too far away from the commercial centre, and eventally it
was used only by whaling ships, whose unwholsome cargos were not
welcome i the city.

The new trading activaty of the cighteenth century, muoch of it transoceanic,
led to rapid growth in other west coast parts, This growth was most dramane
n Liverpool. Defoe in 1720 thought its expansion ‘one of the wonders of
Britain . ., . what 1t may grow ro n nme I know not’. Ar the end of the
sixteenth century there had been fewer than 200 houses there and the Dee
estunry, with Chester at its head, rook prominence over the Mersey. By 1700
Liverpoal's population was between §,000 and 7,000, but it had reached 10,000
by 1720 and 10,000 by r750—and canals had not yet comnected the town
with the heart of industrial England. Bristol also doubled its population in
the firse half of the eighteenth century, reaching po,000 by 1750, but then
growth slackened as the port lost ground first to Liverpool and then Glasgow.
Liverpool's first wet dock was completed in 1715 and a further six were
added in the succeeding century,

In Glusgow improvements in the Clyde were made by John Golbome
between 1773 and 1781 and by the Clyde Trust after 1809; and on the cast
coast Hull, with its Baltic trade and close waterway connections with the
West Riding, had formed a dock company by 1774 and opened three inter-
connected docks by 1829, Completely new ports were also created, often for
speaific purposes, such as coal shipment. Seaham (8¢/NZ 435405) was the
creation of the Marquess of Londonderry, who had coal interests in County
Durham. On the west coast Maryport (82/NY o3e365) in Cumberland
developed for similar reasons,

Other new ports were canal-inspired, like Grangemouth (61/NS 02¢82),
opened in 1777, at the castern end of the Forth & Clyde Canal, or Goole
(98/SE 745230), opened in 1826 at the Humber end of the Aire & Calder
MNavigation.

Between 1753 and 1830 some 370 actes of wet docks were provided in
England alone, Harbour commissioners or trustees were formed at numerous
places round the coast to put port finance on a firmer basis and carry out
improvements in response to the growth of trade. They engaged outstanding
civil engineers to advise them, including such illustrious names as John
Smeaton (1724-92) and John Rennic (1761-1821), Rennie alone was involved
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in over seventy harbour schemes. Not surpnsingly the struggle with the
sea to provide safe harbourage for ships led to many technological discover-
ies, including steam dredging, hollow walls and the diving bell. Although
the cost of improvements was enotmous, most of them enjoyed a much longer
life than other works of the period, parmicularly the canals, which were soon
to be ruined by railways. Their long-term usefulness, coupled frequently
with very high uandards of workmanship and materials, have meant that
large numbers of port installations have survived to the present. As yet
relatively little work has been done on the industrial archacology of pors,
which, with today's rapid rate of change in shipping techniques and increase
in vesiel sizes, are likely o undergo radical alterations in the nexe few years.
The closure of Bristol's city docks in favour of concentrating traffic at
Avonmouth can only be a few yearsaway, and in Liverpool plans are already
in hand to shut down all docks south of the Pier Head.

As an example of a port complex now almost completely extiner but
offering much of mterest to the industrial arcabeologist, the estuary of the
Lune in Lancashire 18 worthy of examination. Before the late seventeenth
century the port of Lancaster confined inself mainly o coastal trade, but
shortly after 1700 the opportunity was taken of widening its scope 1w
includes the West Indies. Warchouses were built in large numbers along
St George's Quay (94/5D 474623), and several of mid-cighteenth century
date still survive, their gable walls complete with wooden beam cranes or
‘fucams’, which were used for hoisting goods w upper floors. Some mer-
chantsy built dwellmg houses, of which several remain, bur the most norable
reflection of Lancaster’s importance as a port in the cighteenth century is the
fine Custom House, erected in 1764 to the design of Richard Gillow. A
number of streets running back from the quay area to Cable Street were laid
out around 1800, with names like Antigua Street, Barbadoes Streer and
Jamaica Sereer, bur these have long gone, swept away by the railway in
1849.

Also in the early eighteenth cenury Sunderland Point (94/SD 426560),
which lies between the Lune estuary and Morecambe Bay, was promored
as an outport for Lancaster by Robert Lawson, a prominent local mer¢hant.
Here ships too big to make the difficult passape up to Lancaster itself could
moor; & jerry was buile and moderate prosperity enjoyed for a few years.
The willage is lintle changed voday, with its two terraces of houses accessible
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from Overton by 2 causeway submerged by the tide twice daily. According
to legend the first bale of cotton 1o reach Lancashire was landed at Sundee-
land Poing, to begin the industry for which the county was 1o become most
famous. Across the river from Sunderland Point was Glasson (pg/SD
44§562), a safer anchorage, which soon ook over as the unloading point
for cargoes that were then shipped by lighter o Lancaster. In 1751 the port
commissioners placed a chain and mooring stone there, and i 1791 a wer
dock large enough to accommodate twenty-five merchant ships was com-
pleted. In 1826 Glasson Dock was linked with the Lancaster Canal, which
necessitated the construction of a large inner basin. In 1814 3 patent slip was
laid down, in 1836 a grid-iron or frame on which ships could be repaired at
low water was pur mn, and i 1838 a graving dock was opened. Today
Glasson is the home only of pleasure craft and the odd surviving Morecambe
Bay prawn boats or 'nobbies’, the graving dock filling with rubbish, and
the fine five-storey warchouse demolished for car parking. Yot the place
has an air of former glory, and. like Lancaster itself, exudes the atmosphere
of a once important port.

There is lintle remaining today in Bristol docks of cighteenth-century
date with the possible exception of one or two small warchouses at the
south end of Broad Quay. The whole harbour, which was tidal uneil the
carly nineteenth century, was completcly remodelled by William Jessop,
who mstalled an entrance basin—Cumberland Basin {156/5T s70723}—
with lock gates, and in effcer created a huge wet dock occupying the whole
of the bed of the River Avon and its tributary the Frame for over a mile
upstream, River water was diverted down a new specially excavated channel,
the New Cut, These enormous wotks were completed in 1800 and for a
tume enabled Brstol 1o compete with the up-and-coming Liverpool. As
the size of ships increased, however, problems of access along the tormous
Avon arose, and Jessop's entrance locks were soon found to be too small,
L K. Brunel, who had recently brought the Great Western Railway into the
ciry, was called im by the Bristol Dock Company to carry out improvements,
which he completed in 1848, A new south entrance lock (156/ST 570723),
whose chamber can stll be seen, was built for Cumberland Basin, and
improvements made to the dredging system by the use of a steam-powered
cable-hauled scraper. The engine of this boat is preserved in Brstol City
Museum, where there is also a model of the complete vessel, By the 1860s
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problems of increased shipping sizes arose again and the Port of Bristol
Authority, the then municipal owners of the docks, undertook o build a
new and larger north entrance lock, which s in use today.

Bristol city docks are stll in use and contam a wealth of matenal of
televance to the industrial archacologist. Their life cannot be long, however,
as the néwer docks built after 1877 at the confluence of the Avon with the
Bristol Charmel—Avomuouth and the smaller Portishead (1879}—have for
nearly a century been the focal pomts of Bristol's port activities. Ae the
entrance to Cumberland Basin in the shadow of 2 modem road swing-
bridge is a grid-iron, installed in 1884 for the repair of small vessels, while
over the entrance lock and Brunel's now redundant lock of the 18405 are
two wrought-iron girder swing bridges. The first of these, dating from
1848, was installed by Brunel and is thought o be the carliest wrought-iron
girder bridge in existence, if not the first ever constructed. The second bridge,
built over the new entrance lock in the 18705, 15 almosr identical:

Like many ports in the nineteenth century Bristol used, and to a small
extent still uses, hydraulic power to drive the numerous ancillary installa-
tions like Jock gates, capstans and crancs. The hydraulic press, consisting of
a small hand pump and reservoir connected to a hydraulic cylinder and ram,
had been patented m 1795 by Joseph Bramah and was soon to be widely
adopted for engineering work and, as modified by Matthew Murray (1765-
1826) of Leeds, for baling cloth. In 1812 Bramah proposed the installation
of hydraulic power mains on a mumcipal basis, with 2 central generating
station and users paying by meter for the power they used. Although this
far-sighted idea was not adopeed for a further 65 years, it was in essence the
basis for numerous dock installations. Both Bramah and Murray developed
hydraulic cranes but it was the work of William (later Sir William) George
Armistrong (1810-1000), whose first hydraulic crane was erected in New-
castle in 1846, that made hydraulic power widely acceptable both in docks
and elsewhere. Armstrong devised the weight-loaded hydraulic accumulator
o provide sufficient bead, air vessels to balance the fluctuations between
supply and demand and smooth out pump pulsations, and the hydraulic
jigger (consisting of a jack with pulley sheaves mounted at each end) by
mieans of which the effective stroke could be multiplied and excessively long
Jack cylinders obviated.

The first public hydraulic supply was nstalled in Hull in 1877, to be
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tollowed in London by the installacions of the Wharves & Warchouses
Steam Power & Hydraulic Pressure Company, which in 1883 operated some
7 miles of mains on both sides of the Thames. In the following year this
company was absorbed into the London Hydraulic Power Company, which
by the 1930s supplied over 8,000 separate hydraulic machines through 184
miles of mains, About half this number of machines are at present supplied.
Elsewhere many of the large public hydraulic-power companics have closed,
in Hull because of war damage, and m Liverpool as recently as 1970 as the
result of a dwindling consumer demand. The Glasgow and Manchester
systems have also closed down recently. (An electrically powered hydraulic
generator pump is on display, working i the local history gallery of the
City of Liverpool Museums.)

By the standards of these installations, thar at Bristol is small, supplying
power only for the port authority’s own use. The generating station is near
the Cumberland Basin at the Underfall Yard (156/ST s72722), where there
are three clecrically driven pumps by Fullerton, Hodgart & Barclay of
Paisley. A brick accumulator tower near the generating station is no longer
used, but ousside is 3 modern steel tower where the weight can be seen
falling and rising intermittently as water is taken from the mains and then
replenished. The system is used regularly for the older swing bridges of
Cumberland Basin and the lock gates. A few hydraulic cranes may still be
seen in the city docks, but they are now out of use. Prince’s Street Bridge
(156/ST 586723), although not now hydraulically powered, also has a small
booster accumulator rower,

Numerous examples of hydraulically operated machinery can sill be
seen in most ports of any size, the accumulator rower usually being the
most obvious cluc to their existence. OFf these, the campanile-style tower
standing between the entrance locks at Grimsby (105/TA 281113), Lincoln-
shire, must be the most spectacular, Dating from the early 1850s, it is 3136t
high and was built by the Manchester, Sheffield & Lincolnshire Railway to
provide a head for the hydraulic mains of the port and support a freshwater
tank for ships. It is not an accumulator tower in the true sense of the term,
but an artificial head of water for the hydraulic mains, consisting of a
33,000 gallon tank into which water was pumped by a steam engine. The
enormous cost of providing a rower like that at Grimsby was instrumental
in the development of the accumulator proper, in which a large weight is
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raised on 4 piston to create the same sort of pressure. The Gamsby tower

now serves only as a television reliy station and for supplying water to wash
down the fish pontoon. Other towers may be scen in Liverpool docks and
at Glasgow.

Mumerous bridges are stll powered by hydraulics, mecluding the
famous swing bridge acros the Tyne at Newcastle (78/NZ 253637)
built by Armstrong in 1876, and several swing bridges on the Manchester
Ship Canal, including the Barton Aqueduct and the adjacent road bridge
(r01]S] 766076). The best known of all, Tower Bridge, London (160/TQ
337802), an engincering masterpiece and architectural absurdity to the
designs of Horace Jones; architeet to the City of London, and John Waolfe
Barry, was upmnd m 1894 Comstruction was by Wilham Arrol, with
hydraulic equipment supplied by Armstrong’s of Newcastle. There are four
hydraulic engines to each 1,070 ton bascule leaf, and in ordinary working
only one engine to each leaf is used, the other six engines being in gear and
running idle with water arculating through their eylinders and valves: The
four accumulators were untl recently charged by a pair of double-tandem-
compound steam engines, each of 360hp, but these are now out of use and
hydraulic supply is drawn from the London Hydraulic Power Company's
mamns. Each rower also has hydraulic lifts giving public access to the high-
level pedestrian deck. Visitors may at present see all this equipment by
appointment, but eventually eleciric power may be installed or the bridge
itself demolished in favour of 3 fixed bridge of higher traffic capacity. The
very improbability of this worldwide tourist atrraction justifies its preserva-
tion; how appropriate that it should retain its hydraulic equipment rather
thanl become still more of a sham, with electric motors or perhaps no power
atall,

The growth of rrade through British ports in the carly years of the nine-
teenth century necessitated a completely new approach to the provision of
port Installations, particulacly warchousing (Plate g4). Traditionally quay-
side warchouses bad been relarively small, of up to four storeys, and with
timber floors supported on timber beams presenting problems of load
capacity and fire visk. The warchouses in Lancaster, already mentioned,
typify what might be called the "pre-industnial’ warchouse building. Other
examples may be seen in ports as far apart as King's Lynn, Norfolk; Boston,
Lincolnshire (Plate 95); Bideford and Exeter in Devon (where appropriately
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some warchouse buildings form part of a developing and wide-ranging
maritime museum). One-of the King's Lynn buildings, incidentally, on
Nelson Street overlooking Mill Fleet, provides a fine example of a new use
for an old industrial building, for here the granaries have been sensitively
converted into offices. In Portsoy, Banffshire (30/NJ 589665) a group of
miscellancous harbour buildings have been converted into council houses.
Bristol also has 3 number of early warchouses of traditional construction,
alongsde others which represent the transition to a larger scale of port
building that developed mainly in London and Liverpoal. One of these
wransitional warchouses 1s . & R. Bush's tea bond on Prince Street (156/ST
$86723), ovetlooking the traditional heart of the city’s harbour ar the
juncrion of the Avon and Frome. Dating from the 18308, it is a five-storey
structure. with: timber floors supported by cast-iron columns. The boldly
featured stone exterior, with its prominent string coursss and arcli-headed
windows, heralded a more exotic style of Bristol warehouse thar developed
after 1850, but in terms of constructional technique nothing more advanced
was built in the port until the great robacco bonds of the early 1goos. The
city docks continued to be provided with relatively small warchouses,
appropriate to the size of ships trading there, of which a few classic examples
survive. Two beside Bathurse Basin (156/ST $87722) extubit in a restrained
way the polychrome brickwork and ogee arches which typified lirge
numbers of buildings in the Victoria Street area in the third quarter of the
nineteenth century, a style which has since become known, with some
architectural inexactitude, as 'Bristol Byzantine’. The prize example of the
style i on Welsh Back (156/ST 588726, buile i 1860 to the designs of
two local architects, Archibald Ponton and W. V, Gough. It epitomises
Bristol Byzantine at its most exotic and yet, despite its unusual ourside

appearance, the intemal structure i of conventional nmber joists and
floorboards. The building is now a jazz club.

London's carly wet docks, like that at Rotherhithe, had no warehousing
of their own—indeed the Rotherhithe Dock had 3 double row of poplar
trees round the basin as a protection against wind. Similarly Brunswick
Dock, Blackwall, opened in 1790, was chicfly intended for the safe accommo-
dation of the East india Company's ships, and the only building of note was
the masting house. Not until the opening of the West India docks in 1802
was a system of warchousing provided, solving at ance two major problems—
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the difficulty of unloading ships in tidal water and, by the provision of
Customs wall, the pilfering of cargoes, which had been causing merchants
grave concern.

The origins of large-scale port warchousing may still be seen, in 2 some-
what diminished state, in St Katharine Dock, London, The purpose of the
dock was to provide both an unloading place for ships and quayside ware-
housing as close as possible to the commercial hearr of London. The St
Katharine Dock Company Act was passed in 1825 for an enclosed wet dock
system immediately to the cast of the Tower of London (160/TQ 339805).
Thomas Telford was chief engineer, with Philip Hardwick (1792-1870) as
architect. The two major criteria which Telford and Hardwick had to apply
n developmg the 23-acre site were the need 1o obtain as much quayside
length as possible for unloading purposes and the provision of the maximum
amount of warchouse storage space. Room had also to be made for several
vessels docking together as, unlike today, arrival times were very dependent
on the weather. The final design consisted of two irregularly shaped docks
cach linked to a smaller entrance basin, although here the originally intended
second entrance lock was never built. In having all its warchouses built up
to the water's edge, St Kathanine Dock was umique. Normal practice was
to have an open quay, transit sheds and 4 road between the water and the
warchouses, The ided ar St Katharine's, however, was to save double handling
by taking goods straight from the ship's hold to the appropriate floor of the
warchouse by means of overhead cranes.

The result was a magnificent range of six-storey warehouses, cubelike,
compact and functional, with a ground foor arcade of giant cast-iron Doric
colunms and full-height round-headed blank arches embracing the windows
above, Most were designed by Thomas Telford but the block on the west
side facing the Tower Bridge approach is by Hardwick. Architecturally
their importance lies in the combination of utilitarian function and a cassical
disaipline of design, and they represent an important stage in the develop-
ment of buildings adapted specifically to the largeseale requirements of
the mnetcenth century. The constructional technique of the initial buildings
was in fact fairly conventional, with timber floors, but the ceneral block.
added in the late 18405, had an iron frame and stone slab floors. After
suffering extensive bomb damage in 1940, after which several of the ware-
howses were demolished, St Katharine Dock was eventually closed in
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October 1068 and the site is now the centre for an ambitious redevelopment
scheme under the auspices of the Grearer London Council which invelves
the retention of most of the surviving buildings and dock area.

Although London has always retained its lead as Britain's major port, the
cighteenth and nineteenth centuries saw Liverpool take Bristol's place as the
second most important, with Hull, Glasgow and at the end of the period,
Manchester, all overtaking her also. Liverpool's small cluster of wet docks
near what is now called the Pier Head formed the basis for the remarkable
linear development of docks, now exceeding 7 miles m length which is
tluserated m Fig 31. The evolution of this dock estate during the nineteenth
century was inflisenced by a number of factors, including the need for more
dock and warchouse space as traffic increased, the building of larger vesscls,
the coming of stearmships, and the need for greater security, which led to the
separation of the dock area from the city, In much of this development the
central figure was Jesse Hartley, who was dock engineer from 1824 unsil
his death in 1860 and whose indelible stamp still characterises much of
Liverpool's dockland, This linear development and need for greater security
was emphasised by the grear wall that Hartley built on the landward side
of the dock estate and alongside which the present Dock Road runs.
Entrances were protected by huge sliding gates and towers that have all
the appesrance of miniature fortifications. Only Stanley Dock, opened in
1848, lics outside the wall, but this was because it formed the link between
the main dock system and the Leeds & Liverpool Canal. By the time of
Hartley's death the line of docks stretched from Canada Dock on the
northern edge of Liverpoal to Brunswick Dock in the south, the larter the
first dock to be butle by Hartley himself.

Undoubtedly Hartley's masterpiece is Albert Dock (100/S] 342897), close
to the traditional heart of the port and immediately south of the Pier Head.
Albert Dock (Plate 96) is the logical extension of the principle established in
St Katharine Dock, London, in the late 18208, but here the rectangle of open
water 15 surrounded by an almost complete wall of warchousing coming
right up to the edge of the quay, although sill retaning the arcade with
cast-iron columns at ground floor level. The columns are modelled on Greek
Doric prototypes and are hollow drums 121t 6in in circumference and 1 sft
hugh. Encased with walls of brick, the five floors of the warchouses are
supported on iron columns, the spaces between them spanned by cast-iron
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THE GROWTH OF THE LIVERPOOL DOCK SYSTEM
1760-1960

5 Salthouse Dock

Fig 31



of Albert Dack, l.:wrpnnl.
Colonnade  with  cast=iron

colnmns

beams of inverted-Y section tied laterally with wrought-iron temsion rods.
From these besms spring the brick arches of the Hoars (Plate g7), the whole
method of construction evolving directly from the pioneer work of Strur
and Bage in Derbyshire and Shrewsbury at the end of the cighteenth century

-1 A - A . o
At Albere Dock, however, even the roof trusses sre of iron, and the roof

itself is made of wrought-iron plates. Tucked into the north-east comer is
the Dock Trafhe Office, dating; like the warchouses, from the mid-18408
but m this casc designed by Philip Hardwick, who had colls
Telford ar S¢ Katharine Dock and moeanwhile

borated with

: — P built a triumphal arch ac
Euston. Hardwick’s design for Euston seems to have influenced him in

Liverpool, and the Tuscan portico of the Dock Traffic Of
constructed In cast~iron, symbolises par exeellence Victorian
achievement and self-conhidence,

ice, entirel ¥
;‘::[tln:n:rn'l.ll
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97 Alberr Dock, Liverpool. Interior of warehouse !.huu.‘:ng cast-iron columns and
bearms with brick vauleing

Granite, brick and iron are the materials for the monumental mass of
the Albert Dock warchouses, the ultimate demonstration of the maritime
prosperity of the Port of Liverpool. Today they stand disused, ships having
outgrown the dock facilities, and multi-storey warehouses having lost
their raison d*étre in a world of containers and fork-life trucks. Their colossal
bulk rising above the Mersey Wall presents every planner or would-be
conservaniomst with a problem, for while it 15 casy to save 1 warermill or
even 4 reasonably sized railway station, the supreme monuments to Victorian
industrial and commercial might have become commercial white elephants
in areas of high land values. They are 100 big to retain and yet their retention
ts essential. They could be tumed into maritime museums or 2 polytechnic
— Piethead Poly” has been proposed—aor into offices, small workshops, cven
residential accommodation. Perhaps a combination of all of these is the
answer, bor fundamental vo achieving the night solution is the need for juse
a traction of the spint of adventure, confidence and imagination that gave
birth to Albert Dock over 130 years ago. What |, A. Picton in 1875 described
as "2 hideous pile of naked brickwork' in his Memorials of Liverpool can now
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be appreciated as one of the supreme archacological monuments o the rise
of the first industrial nation.

Albert Dock, however, is not the only site of industrial archaeological
significance m the Porr of Liverpool. Whele areas of the city are nich in
dockland archacology. Within the cstate are swing bridges, including cast-
iron examples designed by Hartley ar Albert, Salthouse and Wapping Docks,
and a curious timber footbridge across the entrance to Canning Dock
(100/S] 342800), supposedly by John Rennie. Similarly the warehouses and
transit sheds, particularly those of the Hartley era, are almost universally of
a monumental scale and impeccable standard of construction. By contrast
much of the private warehowsing inland from the Dock Road s mean and
penny-pinching. Despite the Liverpool Warehouse Act of 1843, which
introduced reduced premums for brick and iron structures, many were atill
builr with timber Aoors up ro the latter part of the nineteenth century.
Other worthwhile sites mclude Hartley's Victoria Tower (100/S] 333022)
completed in 1848 ar the entrance to Salisbury Dock (Plate 98) and the
Floaring Landing Stage (100/S] 337004) at the Pier Head by G. Fosbery Lyster
and Sir William Cubirt {1876), Victoria Tower, built of the same grey granite
as his other dock works, is unmistakably Hartley, the stone blocks carefully
dressed and fiteed rogether like a jigsaw puzzle. It carries an unusual six-Ficed
clock and bell to ring out warnings, The Landing Stage, on the other hand,
is much more utilitarian. Built on iron ponwons and originally nearly
4 mile long, it was the place from which Liverpool's transatlantic liners
departed—Cunard and White Star until they moved to Southampton,
Canadian Pacific more recently. Now it is only used regularly by the ferries
and the packes boats to the Isle of Man.

Unlike London, Liverpool had no other major function during the
ninetcenth cenrury and first part of the twentieth than being a port, so the
down-town part of the city, more so than any other in Britain, reflects 4
deep involvement with ships and commerce even today. Marine msurance
offices, shipping company offices, dockside pubs, warchouses and merchanes'
houses are all still there, some still thrving but others in the final stages
of decay. The Sailors’ Honie in Canning. Place (100/5] 3145900), dating
originally from the 18405, came into this last category. Externally a fair
representation of Hardwick Hall, it cast-iron inside closely resembled an
Amenican pemitentiary. It has now been demolished. In a healthicr state is
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the Albany (100/S] 340006) on Old Hall Street, :!.mng from 1858 and one
of the finest of the Victorian office blocks that grew up immediately inland
tfrom the waterfront, It is built round a courryard that is spanned by a
delicate cast-iron bridge reached by a spiral swircase, The yard provides
light to the inner offices, as do skylights above galleries at each side of the
building.

The industrial archacologist in dockland has unrivalled opportumnities for
the discovery of obscure and obsolete equipment in addition to the more
obvious large-scale installations, Winches and hand cranes frequently bear
makers’ names cast into them, 2 do iron mooring bollards. Cranes alone
(Plate o0) are worthy. of detatled examinanon, as-almost any which are not
electncally powered may be regarded as obsolete. Harwich (150/TM 262325)
has what iy probably the oldest crane (Plate 100) in Britain, dated 1666 it
consists of 1 fixed wooden house containing a treadmill and a swinging jib
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mounted on heavy framing at one end and tumning through 180 degrees. It
has been moved from its oniginal site in the original harbour area. Steam
cranes were introduced about the same time as Armstrong was experimenting
with hydraulic power, but few of cither type now survive, A heavy lift steam
crane with riveted wrought-iron plate jib dating from the 1870s (156/ST
584722) can be seen in Bristol, and there s a smaller example in Dover.
Electric cranes, introduced in the 1890s, are now almost universal, although
the earlier types, like the one at Southampron dared 1893, are becoming
increasingly scarce.

To cuable ships to navigate coastal waters safely, lighthouses have been
provided from ancient times. but it was not until the eighteenth century
that there was any systematic approach to the design of either the tower or
the light it carried. John Smeaton (1724-92), who built the third Eddystone
Lighthouse 14 miles from Plymouth in 1759, was one of the first to examine
the civil engmeering problems, and his dovetailing of the core stones of the
tower became a standard technigue. Smeaton’s light continued in use at the
Eddystone unul 1882, when it was decided ro build a new tower on a
different part of the reef because the foundation rock was becoming under-
mined. Smeaton's lighthouse was then re—erected on Plymouth Hoe (187/SX
478538), where it may still be visited. In 1836 Parliament transferred all
English lighthouses to the care of Trimity House, while in Scotland the
Comumissioners for Northern Lighthouses, established i 1786, were
cesponsible for a number of notable lights,

SHIPBUILDING

During the first century or more of industrialisation in Britain the nation’s
trade was handled by sailing ships thar changed relatively little in design or
size. Shipbuilding was an industry steeped in tradition and slow to respond
to new requirements. [t was no accident that Caprain James Cook (1728-79)
circumnavigated the world in whar was basically a Whitby collier. This
was the best type of vessel available to the British Admiraley, so it was used
for the job: Towards the end of the erghteenth century came a gradual
move to improve ship design led by the French, although liter the North
Americans took the lead in merchant shipbuilding. Despite conservatism of
design and constructional techniques the British merchant fleet grew



418 FORTS AND SHIPPING

cnormously during the eighteenth century, the totl tonnage nsing from
323,000 tons in 1700 to reach the 1 million ton mark by 1788,

There were, however, improvements to individual parts of ships and to
the techniques of constructing them. In the 1780s copper sheathing of the
wooden hulls to prevent attack by the Teredo ship worm was introduced,
while in the carly 1800s Sir Marc Isambard Brunel, father of 1. K. Brunel,
designed mass-production machine tools for the manufacture of pulley
blocks (see pr86).

Although the first steam paddle boar to run commercially, the Comet,
designed by Henry Bell (1767-1830), had indicated the potential of the new
form of power as carly as 1812 on the Clyde, it was some years before steam
navigation had any real impact. In April 1838 the 703 ton Sirius made the
first transatlantie crossing manly by using its steam engine, beating by 1 few
days the paddle steamer Grear Western, Designed by 1. K. Brunel, the Grear
Western was the first ship built specifically for the rrnsatlantic trade. She
was 236ft long and weighed 4,000 tons, bur the hull was basically of tradi-
tiomal rimber construction although heavily strengthened with iron knees
and bolts. Not until the hulls of ships were built complecely of fron could
the potential of the steam engine be fully realised.

The first iron vessel had been launched into the River Severn at Preens
Eddy below Ironbridge as carly as 1787, Designed and built by the local
tronmaster John Wilkinson (1728-1808), it was no more than 3 barge,
probably of similar general appesrance and constructional technique to the
mid-nincteenth century tron wh boat preserved on the Shropshire Canal
m the Blists Hill Open Air Museum (119/S] 604034). The demand of the
steam engine promped active investigation of the possibilines of iron hulls
and this e, coupled with the success of Brunel's Creat Western in 1838,
encouraged both her owners and designer to think on a completely new and
unprecedented scale when planning their next ship. That ship was the Great
Britain, the first screw-propelled all-iron merchant ship to enter Aclantic
service. Designed by Bruncl, she was the largest ship afloat when Prince
Albert launched her in Bristol on 19 July 1843. Unilike most vessels then and
now Great Britain was not built on a slipway but in a drydock that had been
specially built to accommodate her enormous bulk, Thae dock sl eXIstS,
holding once more the ship to which it gave birth (1 $8/ST s78724). After 2
varied but successtul career involving a number of alterations to engines and
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tig, Great Britain's active life ended in 1886 when she was abandoned as a
hulk in the Falkland Islands. Then, a century and a quarter after her launch-
g, she was returned to Bristol showmg signs of age but not of any major
deterioration, a remarkable testimony to the skill and workmanship of her
builders. The Great Britain Steanship Preservation Project, which raised
the money to salvage the ship, 15 now actively engaged on her restoration,
which visitors to Bristol are welcome to see.

Although the Grear Britain in her dock is perhaps the most spectacular
combination of maritime and shipbuilding archaeology to be found any-
where, there are numerous other remains of significance to the mdustrial
archacologist. Unfortunately shipbuilding rends to produce few lasting
remains other than the ships themselves, and the adoption of prefabrication
and welding techniques in an industry that since the 19205 has been in an
almost perpetual state of fhux and reorganisation has meant that there is often
little of significance left to see, There is ample evidence of the products them-
selves, however, in the form of models in museums like Glasgow, Sunder-
land, Liverpool and Bristol, and in the Science Museum, South Kensington,
the Manitume Museum at Exeter, and the National Maritime Museam,
Greenwich. Other evidence is available in the form of plans and drafts,
and in the records of Lloyd's.

Naval shipbuilding has left more to posterity than the merchane ship side
of the industry, In addition to HMS Victory at Portsmouth and the cruiser
Belfast in the Pool of London, efforts are now being made to preserve the
hull of HMS Warrior, the first British armoured bartleship, launched in
1560, and now part of an oil pipeline jetty ar Pembroke. The Naval dock-
yards, too, are rich in important structures relating to both the building of
ships and their subsequent operstion. The four dockyards at Portsmouth,
Chatham, Shecrness and Plymonth (Devonport) all contain an assortment
of buildings of all periods from the seventeenth century onwards, including
stores, docks, workshops, barracks, foundries, ropewalks, dwellings and
chapels, Particularly important are the No 53 Boat Store at Chacham
(172/TQ 765700), built in 1813 for building and repairing men-of-war; the
cast- and wrought-tron framed boathouse of 1858 at Sheerness (172/TQ
910753); and the cast-iron framed fire station, previously 4 storehouse, at
Porsmouth (180/SU 630005). The Sheerness boathouse ts one of the
earlicst known multi-storey iron-frame buildings, and was designed by
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Colonel G. T. Greene, Director of Engineering and Architectural Works at
the Admiralty from 1850 to 1864, It is a frame building, ie the whole strucrure
is supported by its frame, and the external walls are non-loadbearing panels
of standardised form. Beams supporting the floors are fabricated from
wrought-iron plate and angle riveted together to form H girders, the
carliest known large building in Britain where this form of construction
oceurs. Since 1960 the Navy has stopped using Sheerness Dockyard, but at
the others access may be obrained by special permission.

One remaiming aspect of the industrial archaeology of ships and shipping
is worthy of mention because it is a rapidly developmg field offering some
considerable passibilitics for research. Submarine archacology has forged
shead in recent years with the improvements made in self<contained diving
apparatus, and although most of its practtioners have so far been largely
concerned with wrecks, the possibilines for underwater surveying and
recording in the industnal archacological field are obvious. Recording and
excavatnon underwater can be as accurate and thorough as on land, and the
mformation recoverable from the ‘closed site' of 3 well preserved wreck i
often very grear. The standards of surveying, recording and plotting of
finds are at a relatively elementary stage in Britain, but the Committee for
Nautical Archacology, foumded in 1964, is endeavouring to coordinate and
systenmutise the approach to this new fickd of rescarch and climinare some of
the regrettable unscientific exploration of sites that has occurred so far.



I7 Conclusion

In this review of the major industries an attempt has been made to link
processes and the stages of their evolution with the surviving visual cvi-
dence. This has not always been posisble, however, with the resule that
tnbalances occur which in no way reflect the relative importance of various
industrial activiries. Thus the chemical indusiry, of enormous and generally
unrecognised importance throughout the Industrial Revolution, has re-
ceived less than its due because the physical remains, or at any rare the
significant and comprehensible anes, have virtually disappeared. The present
state of industrial archacological knowledge, together with the vanability of
individual enthusiasms, contributes to this problem; canals and ralways are
more mspiring than lead-chamber sulphuric acid plants, even supposing any
stll exist, With the increasing amount of disciplined and well organised
work within the field of industrial archacological recording, however, these
enthusiast imbalances arc being redressed, partncularly as local societies build
up comprehensive surveys of the whole range of sites within their own areas.

Numerous industries have not been mentioned ar all, but this does not
mean to say that they have no archacological significance. Food processing,
clothing, and boor and shoe making are some of the areas which have been
neglected bue, in the case of the latter, a detailed analysis of the industry in
and around Northampton will reveal through surviving buildings the
rransition from a domestic to a factory-based industry in the mid-nimeteenth
century. This change occurred ro some extent as a result of the introduction
of Amencan-made sewing machines, initially for closing the uppers but
later for sole and welt sewing. Examples can be seen in Northampton
Museum. In the ‘domestic’ system the uppers were cut and sticched together
(closed) ar a central premises and then sent out to hand-sewers working
usually in sheds at the botom of their gardens. These “shops’ can still be
seen in many Northamptonshire towns and villages. By the end of the nine-
teenth century the processes had all been gathered together into factonics,
with the cutting of the leather (clickmg) and closing on the top Aoor where
there was most light and the machines were not heavy, lasting and actaching
on the floor below and at the bottom the leather stores and heavy cuttmg
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presses. This simple functionalism, with the work Howing down through
the building, still exists in some Northampton factories. Thus the physical
evidence of buildings and 1o a lesser extent machines exists to illusteate the
stages in the transition from a cottage industry to that ultimate in mid-
nineteenth century shoe factories, the Manfield Building in Campbell Square,
Northampton (133/5P 755600), To find out why shoes are made in Nor-
thampton requires evidence of a completely different type. Only a detailed
analysis of documentary sources and a thorough appreciation of a range of
geographical factors will build up the picture of coinciding elements—of
cattle for leather, perhaps of oak trees providing bark for tanning, of agrarian
unrest and unemployment associated with enclosure—creating the conditions
for the growth of the industry. Northamptonshire tended at first o specialise
i cheaper shoes, as the top end of the market was largely the province of
London-based shoemakers Jocated near their discerning customers. Nor-
thamptonshire shoemakers prospered on army contracts, initially for
Cromwell's New Model Army, and eventually gaining a virtoal monopoly
of all service foorwear. All this. bat partcularly the relation of the physical
evidence to other sources, is the concern of the industrial archacologist.

Besides the evidence of its own specific technology, the brewing mdustry
affords the industrial archaeologist an Opportunity to examime fimetionalism
m building design and construction at its purest. In addition the appreciation
of the rale which many of the spectacular structural elements, particularly of
maltings, play in both urban and rural landscapes is a refined aesthetic ex-
perience in its own right. Malting as an essential part of the brewing process
has been carnied on both at the brewery itself or in separate establishments.
The process consists of encouraging barley to germinate and thereby change
its starch content into sugar, at which stage the process is arrested in drying
kilns. Before the development of large-scale breweries, malting was a local
and very smali-scale activity carried our in almost every town. Even so,
some had marked concentrations of small malthousss. Marshfield
Glouesstershure, for example, had dozens, and the characteristic perforated
tiles from the drying floors are commonplace there.

The development of large-scale maltings, often separate from the breweries
themselyves, in the second half of the nineteenth century resulted i sonie of
the most visually stimulating and dynamic examples of functional building
to emerge durmg the Industrial Revolution. East Anglia and the Home
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Countics; areas not noted for their lugh degree of industrialisation, are rich
in these sophisticated and often beautitul buildings. The main part of the
structure usually has three o more floors for the germination process, often
with floor to ceiling heights of only 6ft or even less, with small recrangular
windows louvred ro serve as vents. Very typically there are tie irons passing
through the building whose presénce is evident on the exterior in the form
of tic plates—huge crosses or discs of cast iron regularly spaced along the
facades. Artached are the kilos with their rall pyramidal roofs and cowls. The
architectural personality of these structures derives from the common
ingredients of functional elements often combined with grear size (Plate
1a1), so that they make their presence feltin the landscape in a very positive
but honest and unobtrusive sort of way., Often, because of their rural
sttuation,, it is difficult 1o associare them with an industrial process arall; they
are more an extension of the agricultural tradition of building.

Their extensive floor arcas and artractive proportions have led to some
highly successful conversions of disused maldngs to new purposes. Best
known are the Snape, Suffolk, malings now a hall for the Aldeburgh
Music Festival (137/TM 302575), while 1n Newmarket a2 much larger
maltings 1 occupied by a colour-processing laboratory. The oasthouse in
which hnp-; are dried, also for brewmg, is another distinctive structure
common in Kent bue also to be found in Woreestershire and Herefordshire.

191 Late mnetecnth-century malings a Ipswach Docks, Suffolk
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Cylindrical kilns with their characteristic wind vane cowls are, generally
speaking, older than the recrangular type; both are in demand for con-
version to dwellings. This funcrional simplicity extends, too, to some of the
older whisky disrilleries in Scotland, of which the main concentration is in
Strath Spey. The malting process is basically the same and the characteristic
cowled pyramidal roofs can still be seen here and there.

Town brewerics also have an architecture all their own, with pronounced
tendencies towards simple and symmetrical Georgian propartions con-
tinuing well into the second half of the nineteenth century. External features
rypically include clocks or clock towers, weather vanes, large lettering pro-
cliiming the name of the firm or the brew and more functional details such
as cranes, or ‘lucams’, above loading bays. Bullard's Anchor Brewery i
Norwich (126/TG 231088), dating mainly from the late 1860s, has strongly
emphasised arch-headed windows and doors with iron frames, while the
somewhat larer Tadcaster, Yorkshire, brewery of John Smith's (97/SE
484433), with its ornamental ironwork and spectacular chimney (Plate 102),
represents a less common Victorian ornateness, Young's Ram Brewery in
Wandsworth (170/TQ 256747) is even more remarkable, with its two work-
ing beam engines, of 1835 and 1867, used for driving mashing and milling
machinery, as well as coopers” and farriers' shops and stables. Horses are sull
usedd regularly for local deliveries.

These are examples of mdustries that make o visible contribution to
the urban or rural landscape and are therefore important not only for
the intrinsic characteristics of their own processes but for their role in
creating the personality of an arca. The mdusirial archacologise in studying
landscapes 15 involved in the analysis of their personalitics, which depends
not only on collecting and collating detailed field evidence and relating it
to documentary sources but also on 3 subtler aesthetic appreciation of the
components of that landscape in terms of building materials, of the size and
shape of windows, the pitch of roofs, the depths of mouldings and string
courses, the design of rainwater goods, the types of paving and road sur-
facing. Here the work of the industrial archacologist is wedded immutably
with the feld evidence, and only by exhaustive and dewiled examination
of large numbers of structures can he isolate the components that make up
the personality of an area. Industrial landscapes, even of the late nineteenth
century, possess as much visual variety, structural and architectural indi-
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102 John Smith's Tadcaster Brewery, Yorkshire, 1883

viduality as do their rural predecessors, in which the regional variations of
the vernacular tradition have long been accepted. The industrial archacologist
mn t‘xmltt'lng from the sun'ivmg bulh.lmgs and other features of the Iandscnp-r
the specific characteristics that in total ceeate its personality is carrying out
a vital archacological function, and providing what may be the only basis
for defining rational conservation policies. He can only analyse those
characteristics after recording in painstaking detail large numbers of mdi-
vidual structures and comparing the results. Students of vernacular archi-
tecture have long used a system of building record cards which enables a
basic tabulation of constructional details, materials, etc, to be made. The
technique 35 as valid for industrial buildings, parncularly howsing, and the
results of analysis contribute in the same way not only to our knowledge
of social conditions but also to an understanding of the intngible visual
characteristics of an ares.

The Industrial Revolution was characterised, we are told, by umiformicy
and standardisanion, by idenncal machine-made artefacts that could be
produced in large numbers. This it to 2 great extent true, and it poses a
peculiar problem of both recording and preservation. It is Pnrr':culnrly
important to preserve the typical, as this represents as closely as possible what
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conditions were really like, but it is on y by the most diligent processes of
archacological investigation that the characteristics of the typical can be
isolated. Having defined a typical row of pitmens’ coteages or silk weavers'
garrets, the industnal archacologist is faced with the even greater problem
of justifying their retention hecause they are typical, ordinary and everyday.
It 35 only by a detailed knowledge of what those typical characteristics are
that a eredible case can be made on industrial archacological grounds,

In South Wales David Anderson and Jeremy Lowe of the Welsh
School of Archutectire in Cardiff have been able to analyse m derail the
characteristice of numerous workers' houses, Jllimugh unt'nruum:i:,'
this has often had 1o be done in advance of or during the demaolition of these
houses. They have been able to build up 4 picture, based largely on the
collection of massive quantities of field evidence. of the evolution of house
types, providing an insight into the social conditions of the area and the
development of techniques of building construction. Now they are able to
use their mass of accumulated information as 3 means of dating, or at least
establishing a relative chronology, on the basis of field evidence alone. In thew

103 Carpenters’ Row, Coalbrookdale, Shropshire. Workers cottages buile m the
17908 and now being restored by the Ironbridge Gorge Museum Trust
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Iron Indusiry Housing Papers No 2 they examine two cottages, one in Coed-
penmaen and the other in Gelligaer, which they describe as ‘protorypes’,
drawing conclusions from a wide variety of constructional features
that are campared with other buildings i the area. The absence of beams in
the floor construction, the provision of three fireplaces and the wse of wall
structure above the first floor windows they see in one cottage as being
advanced for the late cighteenth century, but the dimensions, particulacly
of the span, the extensive use of oak and the heavy complex roof suggest
an carly date, probably before 1811, They recognise both cottages as the
continuation of a much earlier seventeenth-century tradition. Physical and
documentary evidence combine to pin down the date and their accumulated
survey mformation indicates the coexistence in South Wales in abour 1810
of three forms of floor structure—cross-beams alone, cross-beams and joists,

and joists alone, They are thus able o make observations based on the
collection of comparative evidence, as would the archacologist of any other
period.

The industrial archacologist, then, can have a valid place in both the
processes of dara collection and interpretation. The sources available o him
are wide, demanding a disciplined and well organised approach but offering
m retamn @ vivid nsight o the past. This vanety of matenial and
documentary evidence and its dircct relevance to current society is the key
to the mvolvement of so many people in industrial archacological investi-
gation, and offers in many ways much wider opportunities for making a
fruitful contribution than those afforded to the average amateur digging on a
conventional archicological excavation. The future strength of industrial
archacology rests in this integrated but inter-disciplinary nature of the study,
drawing its expertise from a wide range of sources in order ro analyse all
the available evidence. Few cconomic historians would today consider
writing about industrial sites if they have not examined the physical remains,
which is progress in iself, but industrial archaeology offers more than adding
an extra dimensional quality o documentary source material. It is the meeting
point of people whose motivating mterests range from history to complex
technologics, from geography or mming geology to architecture or the
pure unalloyed aesthetic enjoyment of functional buaildings, but whose
common inspiration is the physical evidence of the Industrial Revolution,
the material heritage of our contemporary culture.



Appendices:
| Gazetteer of Sites

mm}ﬂﬁthhtﬁmﬁnc&hthhgm:mmdmt&!mmdlplgﬂ
mfermhgimnithcachmny.wh:r:appmpmw.m.gmminmngdundn
ciginmginmmdwithinachnpmthcmﬁmlimdimrhnmd:rn[th:d:apt:n
htﬁhmk.%ununm&rdfmqumuuun;dmh&m;&mhpmﬁ&d
ﬁ:thcﬁarmhkdymbcmmmvmku:mﬂumdmﬂ:wphicﬂdnmwm
refer to the old (pre-Apnl 1974) county and county borough boundaries, Map
numbers refer to the Ordnance Survey tin series, an index to which appeans on the
back cover of all Ordnance Survey sheets. Grid references sre presented in the
standard form with the grid letcers followed by 1 six-figure reference, In some cases,
wlu:mummh:rthmnpcdﬁrpnhthm&nrdm,zfumﬁgmzufmuh
given indicating the kilometre square within which the site comes.
Sites mensioned in the gazetteer which do mot appear in the text are listed at the
end of the appropriate sub-section in italics.
The eight gazetteer regions are
i Scotland
2 North West England (Cumberland, Westmorland, Lancashire, The Ixde of Man and
3 North East England (Nocthumberland, Durbam and Yorkshire)
4 The West Midlands (Shropshire, Staffordshire, Hercfordshire, Worcestershire,
5 The East Midlands (Derbyshire, Nottinghamshire, Lincolnshire, Leicestershire,
Rutland, Northamptonshire)
amsumhhu{l-hmﬁngdnmhim,&mbndgmhiu. Norfolk, Suffolk, Oxfordshire,
Buckinghamshire, Bedfordshire, Hertfordshire, Essex, Berkshire, Greater London,
Hampshire, Surroy, Sussex and Kent)
7 The South West (Gloucestenshire, Somcrset, Wiltshire, Cornwall, Devon, Dorset)
B Wales

ACCESS TO SITES
Mot of the sites described in !hruﬂlnd]imdhlﬂtgmﬂurmm]:ﬁnmpm?cﬂy,
and although the majority can be viewed frmnpuhl.icm:m:uthcmisby
428
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courtesy of the owners. It nust be remembered thar in many cises owners arc unaware
of the significance of their buildings or plant. Visitors are advised to make prior
arrangement and o no account o regard acces 3 automatically forthcoming.
Although some firms welcome mdividual visitors and cven parties, others do ne,
and often for reasoms of safety cannot permit entry to their sites. Remember too that
in, for example, derclict mining areas where public acces is not restricted there may
be hidden shafts or workings. Keep a sharp lookout for these and never enter derelict
mines without guidance from a local expert who has permission and knows the site
well.

1 SCOTLAND
WIND AND WATHR FOWEN

Sire Map  Grid ref Paye
Click Mill, Orkney 6  HY 200100 o6
Wanlockhead water pump, Dumines 68 NS35144 76
Preston Mill, Exst Lothian 63 NT w30 7R
Alford watermill, Aberdeen 19 NJ 612167

Carlulee wivdmill, Lavark f1 NS #4psos

Hilton windmill, Aberdeen Jo NJpq2342

Mowswald windmill, Dusmfries 74 NYosgnaé

Shortrigg windwmill, Dumfries 75 NYibaze

STEAM AND INTERNAL COMBUSTION POWER
Prestongrange pumping engine, East Lothian 62 NT 374737 103
COAL
Prestongrange pumping engine, East Lothian 6z NT 374717 138
[ROX AND STEEL
Bonawe furnace, Argyllshire 35 ‘NN a0 154
Carron Iromworks, Stirlingshire 61 NS #8odzs
Dalmellington Iranwocks, Ayrshire 6r NS yfoote
Muirkirk Iromwerks, Ayrshire 67 NS fgra8s
ENGINEERING

Barblues Forge, Airdrie, Lanark 61 NS Soybrs

Eagle Foundry, Port Dundas, Glasgow fo NS gpadés

London Road Foundry, Edinburgh dr NT 251744

Macfarlane’s Saracen Foundry, Glaggow B NS 192608y
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Site

New Howe Machine Cycle Works, Glasgour

Nerth British Locomative Campany Works, Glasgow
Atlas
Hyde Park
Cueest's Parke

NON-FERROUS METALS
Wanlockhead water pump, Dumfnss
Copper mines, Hridge af Allan, Stielingshire

ATONE, CLAY AND GLASS

Alloa glass cones, Clackmarman
Cratgdullyears limeworks, New Cwmmock, Ayrshire
TEXTILES
Mew Lanark
Cottom milly, Paisley
Woollen mill, Hunaly, Aberdeen
CHEMICALS

Torhane oil shale sire, West Lothian
Broxboum otl shale village, Wesr Lothian
Campsie Alum Works, Lennoxtown, Stirling

PUBLIC SERVICES
Perth Waterworks
Biggar Gasworks, Lanark
Maybole Ganvorks, Ayevhire

BOADY AND BRIDGES
Kelso Bridge
Tongucland Bodge
Coldstream Bridge
Dean Bridge, Edinburgh
Craigellachie Bridge
Smeaton’s Bridge, Perth
Telford's Cantland Cray Bridge, Lanark

Map

35
55
67

i1}
to

kL

L

Grid ref

NS

NS
NS
NS

'k
NS

NO
NS
NS

M5
NS

f17641

Bogfzs
Boslirs
s946z27

?‘ii 144
Taserd

195206
S1o2g
f6gi53

BBog2s
#podys

& 407034

NJ

NS
NT
NS

NO
NT
NS

EEEFE

NS

i3a303

9530668
ORTTaE
dz9773

121233
038377
Jodopd

727330
01134
HyRqoz
41740
284452
FFIFE L
68445

Page

210

237

231

&3

300

319

330

330
130
336
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Sitr Mg

RIVERS AND CANALS
Neptune's staircase locks, Caledonian Canal, Banavie 33

Clachnakarry sea lock, Caledonian Canal 28
Laggan eutting Caledoniom Canal 16
RALLWAYS
Tramway bridge, Fairlic, Ayrshire &7
Tramway bridgt, Doura, Ayrshire [
Ballochmyle Viaduct, Ayrshire &7
Glenfinnan Viaducr, Invernes 15
Connel Railway Bridge, Argyll b
Forth Railway Bridge [ F]
Tay Railway Bridge 50
POBTS AND HAKBOURS
Grangemouth Harbour, Stirling 61
Portsoy Harbour and Warehouses, Hanff 10
Telford breakweater, Aberdeeni g
MISCELLANEOUS 3ITES
Bucker Mill, Birse, Aberdeen L]
Edradour distillery, Pitlochry 49
Horse gin howse, Kilwinning Landward, Ayrshire fier
Ladywell tamery, Maybole, Ayrshire 72

s NORTH-WEST ENGLAND

WIKD AND WATER FOWER

411

Grid ref Pagr
NN rig4770 352
NH 454068

NN 286065

NS 3860 g7
NS 338423 571
NS gofage 385

MM g10813 385
NM p1i4

NT 1am

NO spsaby

NS pagdzs 401
NJ s8o668 408
NJ  gbrasy

NO sdagrz
NN gsps7e
NS gboeqzr
NS 298097

5T abrioy

SD 335420
SC 432841

-~

S| d4a703

S gugoo I3

Bidston windmill, Cheshire 100
Thomton Cleveleys windnall, Lanes w4
Laxey watcrwheel, lsle of Man 87
Nether Alderley Mill, Cheshire 101
ATEAM AND INTEANAL COMDUSTION FOWER
Dee Mill, Shaw, Rochilale, Lancs 101
CUOAL

Astley Green Colliery, Lancy 161

§] 705000 134



43z GAZETTEER OF SITES

Site Map
Worsley Delph, Lancs 1o
Salford Mumeum, Buile Hill 101
fRON AND STEEL
Duddon Furmnace, Fumness, Lanes 1]
MNewland Furnace, Lancs i
Laghton, Amside, Lancs b
ENGINEERING
Walmsley's Atlas Forge, Bolton, Lanes 101
MON-FERROUS METALS
Guldscope copper mine, Derwentwater 82
Coniston copper mine L1
Greenodd copper mine, Lancs 88
Tilberthwaite copper mine, Lancs L]
ﬂﬂtr 1th tower 109
STONE, CLAY AND GLASS
Pilkington Glas Museum, St Helens, Lanes 1660
TEXTILEL
Hargreaves” cottage, Stanhill, Lanes 9§
Higher Mill, Helimshote, Lancy a5
Froae's Mill, Macclesfield, Cheshare 110
Card focrory, Maccleshield, Chethire o
Seyal Mill, Cheshire 101
Galgate Mill, Lancs 4
Centenary Mill, Preston, Lanes o4
Dee Mill, Shaw, Rochdale, Lanes 101
CHEMICALS
Crosscanonby 82
Marston 1kt mine, Northwich, Cheliire 101
Salr thedy, Winaford, Cheshire 110
Winningten, ICI Works, Cheshire Lo
Port Sunlight, Cheshire 106

Grid ref

sD
s

sD
D

S

5D

s
SJ
3

s
)
5J

Tahoos

157884
200708
4857748

713084

2R PR
236587
2BOLBE
114826
jodooT
415667

408046

728377
TTraty
18737
900737
B34830
485557
451247
G4 5003

ondgor
i)
99907
G474
1484

158
140

154
L54
154

188

197
197
197
197
a3

218

248

ab1
261

260

274
275§
275
a7s
273
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Site Map  Grid ref Page
Blackbeck gunpowder mill, Westmorland g SD 334850 284
Haverthwaite gumpowdes mill, Westmarlund Bp  NY 328048 284

PUBLIC SERVICES

Water towers, Ormskick, Lancs 100 SD 4z3087

& 423088 203
Water tower, Newton-le=Willows, Lancs 1o 8] 400057 208
Lister Drive power station, Liverpool 1wo 8] 38w o7
Tram depat, Chester 109 S| 41366R 312
Huorse tram track, Queen Square, Liverpool o S| gttt 312

ROADS AND BRIDGES
Tollhouse, Todmorden, Lancs 101 SD gas5198 323
Central Station, Manchester ot 5] 8wy a6
Grosvenor Brdge, Chester 1o 5] 403656 330
Warrmgton transporter bridge, Lancs wo 5] serl i 340
Skerron Bridge, Lancaster §fp 5D 4me623 330
RIVERS AND CANALS
Barton Aqueducr, Bridgewater Canal, Lancy or 8] 767977 344
Worsley Delph; Lancsy 1wr SD 74¥cos 144
Worsley Delph, Wharf Ceane, Lancs ror  SD 747004 345
Beeston Cast-iron Lock, Cheshire 100 S| $54500 333
Northgate Locks, Chester 1op 8]  4oi066 153
Anderton boat lift, Cheshire tor S| G477y 3s4
Preston Brook canal hamler, Cheshire 100 5] ¢68806 356
Bamton Tunnel, Cheshire no S| 610740 356
Saltersford Tunnel, Cheshire tor S| 624753 336
Harecastle Tunnel, Suffs o 5] Byrs4z 40
Marple Aqueduct, Chshire 103 5] osfooo 358
Lone Aqueduct, Lancaster Ba  SD 484t 358
Ellesmere Port warchouses, Cheshire 109§ 405775 3164
RAILWAYS

Viaduce, Earlestown, Lancs 1o §]  sbogsr 378
Viaduer, Newton-le-Willows, Lancs 100 S| s91044 374
Skew-arch bridge, Rainhill, Lancs oo 5] 4prerg 378

Liverpool Road Station, Manchester 1er §]  Biooys 378



434 GAZETTEER OF SITES

Site Map  Grid ref

Duteon Viaduct, Cheshire g 5] sBy7hg
Runcom Viaduct, Cheshire oo 5] soofis
Chester General Station g 5] 413660
Huskizson memorial, Newton-le- Willows, Lancs we S dofpss

PORTS AND SHIPPING

Maryport Harbour, Cumberfand 82 NY ojoiss
5t George's Quay, Lancaster 94 5D g2y
Sunderland Poine, nr Lancaster g4 SD  ge6¢60
Glasson Dock, nr Lancaster ug  SD s
Barton Swing Aqueduct, Lancs o1 5] 766076
Albert Dock, Liverpool oo 5] 34a8py
Canning Dock, Liverpoal oo 5] 342800
Victorda Tower, Liverpool wo 5] 33022
Floating Landing Stage, Liverpoal oo S] 337004
Sailons” Home, Liverpool (demol) oo 5] 345900
The Albany, Liverpool 100 5] 340000

MISCELLANEDUS SITES

Arighi Bianchi iron-fronted store, Macclesfield,
Cheshire

1o S]
Oriel Chambers, Liverpool, curtain wall affice we §f
St Geonge's ((cast-iron ) Church, Everton, Liverpool too S

St Michael's (cas-tron ) Church, Aigburth, Liverpool wo  §f

3 NORTH EAST ENGLAND
WIND AND WATER POWER

Killhope Lead Mill, Durham 44 NY
Lothersdale Warermill, Yorks 95 SD
Foster Beck Watermill, Pareley Bridge, Yorks ot SD
Abbeydale industrial hamlet, Shefficld 1 SK
Shepherd Wheel, Sheffield e SK
High Mill, Skipton, Yorks 95 5D

STEAM AND INTERNAL COMAUSTION POWER

Elsecar pumping engine, Yorks tez SE
Ryhope pumping station, Sunderland 7 NZ
Beamish winding engine, Durham 78 NZ

p2o737
341904
355028
6ol

Ha7420
040459
148664
123R20
117854
DiggI8

390003
403523
120537

Poge

385
188
395

BEREE

410
414
414
414
414
41%

74
T4
74

E

102
I10
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Sire Map
EOAL
Beamush winding engine, Durham 78
Elemore winding engine, Durham 83
Elsecar pumping engine, Yorks 102
Ryhope Colliery, Sundecland 78
Seaham Harbour, Durham 85
Amble Harbour, Northumberland 7
Blyth Harbour, Northumberland 78
IRON AND STREL
Eston ironstone minecs 56
North Skelton ironstone mines &6
Boulby tronstone quarries B
Rosedale wonstone quarries 92
Wortley Forge, Yorks 102
Umion Bridge, nr Berwick 4
Abbeydale industrial hamber, Yorks 111
Hamisterley steel cementation furmace, Durham b
NON-FERROUS METALS
Keld Heads lead mill, Yorks 90
Cobscar tead mill, Yorks o0
Grassington High Mill, Yorks o0
Surrender lead mill, Yorks 90
Lintzgarth lead mill, Durham B4
Castleside lead mill, Durham 8y
Langley lcad mill, Northumberland T

STONE, CLAY AND CLASS
Ryedale Folk Museum, Huttoni-le-Hole, Yorks
Carcliffe glass cone, Yorks

Lemington glass cone, Newcastle-upon-Tyne

TEXTILES
Gott's Mill, Leeds (demol)
Marshall's Mill, Leeds
Manningham Mills, Bradford

a4

103

74

58S

Grid ref

NZ
NZ
SE

NZ
NZ
NU
NZ

IR3ZRRR

SE
NZ

LR

220537
356450
390003
399534
415495
206049
3280

s60186
675184
ToHoI8L
7231046
294008
Q34510
136820
131568

ormna
OHoDT0
025663

QL5430
078484
Bar611

TO3H00
425887
184640

90338
294326
146348

435

Page

114
134
137
T41
143

143

147
47
147
147
169
171
174
172

210
210
Zio
210
210
211

234
236
137

70
e
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Site Map  Grid ref Page
Ortterbirse woollen mill, Northumberland 7 NY 888pab
Saltaire, Bradford gb SE 140384
CHEMICALS
Seaton Sluice, Northumberland 28 NZ 336708 a7s
Ravenscar alum shale quarries, Yorks 93 NZ g 281
Boulby alum shale quarries, Yorks 86 NZ 7510 af
Kettlensss alum shale quarriss, Yorks 86 NZ Bas 281
Sandsend alom wharf, Yorks B6 NZ b6z 281
FUBLIC SEAVICES
Ryhope water pumping station, Sunderland 78 NZ 404525 294
ROADS AND BRIDGES
Union Bridge, nr Berwick 64 NT opsm1 337
Royal Tweed Bridge, Berwick 64 NT ooss2f 330
Middleshrough transporter bridge B¢ NZ go0313 340
BIVERS AND CAMNALS

Bingley five-rise locks, Yorks gh SE ofigoo  3%52
Standedge Tunncl, Yorks w2 SE oobom

W 040120 356

HAITLWAYS

Jarrow staithes, Ducham 78 NZ 353680 368
Causey Arch, Durham 73 NZ 20437 168
Tramway earthworks, High Spen, Durham 78 NZ 137506 168
Weigh-house, Brampton Sands, Cumberland 7 NY ssofe0 360
Tramway earthwarks, Kitkhouse, Cumberland 76 NY 6750 360
Tramway carthworks, Monkwray Brow,

Cutnberland B2 NX oti67 169
Stocktan & Darlington sleeper blocks, Brusselton,

Durin b5 NZ igsass 377
Stockton & Darlington sarthworks, Low Etherley Ry NZ 1028 377
Railway Bridge, Darlington North Road 85 NZ sy 377
Dn!hlgm Bank Tcli'l Station .11 NZ 294140 377
Grosmont Tommel, Yorks B NZ fwost 302
Bramhope Tunnel, Yorks o6 SE 240438

0 243408 102
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Siee Map  Grid ref
Otley churchyard memorial o6  SE zo2ggs
Huddersfield Staton, Yorks 1wz SE 144169
Monkwearmouth Station, Sunderland 7% NZ obsry
Newcastle Cenral Station 78 NZ 25638
Haworth station (K&WVR), Yorks vt SE oissm
High Level Bridge, Newcastle-spon-Tyne 78 NZ 252633
PORTS AND SHIPPING
Seahani Harbour, Durham 85 NZ 438404
Goole Hirbour, Yorks of SE 748230
Newcastle-upon-Tyne swing bridge 78 NZ 253637
MISCELLANEOUS SITES
Tadcaster Brewery, Yorks 97 SE 484413
Horse~gin, Great Ayton, Yorks 8 NZ sro07s
Horse Gin House, Wall, Northumberland 77 NY anfgs
4+ THE WEST MIDLANDS
WIND AND WATER POWER
Forge Needle Mill, Redditch 11 SP oy6086
Cheddleton Fline Mill, Seaffs 1o S 973526
Chesterton windwmill, Warks 132 SP 347504
COAL
Blists Hill Open Air Museum, or Ironbridge,
Shropshire g 5] 6Go4031
IRON AMD STEEL
Charleotte Furnace, Shropshire 120 S0 638861
Darby Furnace, Coalbrookdale, Shropshire ng 5] 6647
Bedlam Furnaces, Ironbridge, Shropshire g 5§ Grron
Blists Hill Open Air Museum, nr Ironbridge,

Shropshire g 5] 693033
Bloomer's Chain Works, Cradley Heath, Worcs 131 5] gagssa
Avoncroft Museum of Buildings, Wores 131 SO ggobiy

MON-FERROUS METALS
Snailbeach lead mines, Shropshire us 5] 375022

437
Page

392
395
395
395
398

e

130

154
157
157

139
170
170
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Sire

Map

STONE, CLAY AND CLASS

Black Coumtry Miseum, Dudley
Free Bridge, Ironbridge, Shropshire
Cheddleton Fline Mill, Staffs
Gladssone Pottery, Longton, Stafh
Coalport Pottery, Shropshire
Stourbridge glass cone, Worcs

TOXTILES

Bage's Mill, Shrewsbury

CHEMICALS
Tar Tunnel, Coalport, Shropshire

FUBLIC $ERVICES
Coleham sewage pumping station, Shrewsbury

ROADS AND DRIDGES
Staffordshire County Museum, Shugborough
Milepost, Craven Amm, Shropshire

Mantford Brdge, Shropshire

Iron Bridge, Shropthire

Buildwas Bridge, Shropshire

Coalport Bridge, Shropshire

Cound Bridge, Shropshire

Holt Fleet Bridge, Ombenley, Worcs

Galton Bridge, Smethwick

BIVER: AND CANALS
Mill, Leek, Staffy
Harecastle Tunmel, Seatls

Tyrley cutting, Shropshire
Guillotine Jocks, Hadley, Shropshire

Tardebigge Locks, Wores
Bratch Locks, Worcs
Botterham Locks, Worcs

131
1y
1o
i1o
115
1350

1y

118

11y
129
118
118
(8 £
19
118
130
11

11a
110

114
119

131
130
130

Grid ref

SO gdogy
5] 633
S} 974835
5] 912434
L T
50 Spgboe
5] svorgo
51 094025
5] aebrz
5] ponazg
SO 433827
5] 433183
5] 7o
5] 645044
8] jozcal
5] sstos3
SO 2614
SP orsfos
5] gmsve
§] Ba7sa2
w  B4psrg
S| tosss
5] Grams
& Orun
50 olstks
50  Bamo3s
5O b6oory

Page

228
231
231
237

324
328
j30
330
334
334
334
336
336

34
jao

346

jsa
3509
j52
352
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Site Map  Grid ref Page
Compron Lock, Worc 130 5O 884080 353
Coalport inclined plane, Shropshire g 5]  ogsoaR 344
Dave Aqueduce, Burton-on-Trent, Staff 120 SK 260360 348
Great Haywood Aqueduce, Safh 119 S| gog230 358
Milford Aqueduct 19 5] gyiag 348
I.ungd:n—up-nn—'l':m Agueduacr, Shropshire 118 5 Gimise 359
Chirk Aqueducr, Shropshure 18 5] 2k 360
Stourport, mland port, Worcs 130 SO Siozro 36y
Stretton Agueducy, Staffs tip 5] Eryaer
RAILWAYS
Froghall basin terminus, Caldon Canal, Staffs 1 SK oaly77 16
Remains of tramway bridige, Woodcock, Stffs tr SK opBo 369
Tramway bndge, Whiston, Suaff 1r SK oxyze  16p
Curzon Street Station, Hirmingham 131 SP oBos7t 180
Albert Edward Bridge, fronbridge, Shropshire sk 5] a6yl 301
Shugborough Tunnel, Staffs 119 S| o816 302
to  oEBarg 195
Stoke-on-Trent Station, Seaffs 1o S| Rymasé 306
Shrewsbury Station 18 S| 44120 396
Stene Station, Staffs 1y S| Bobigh 300
Bridgnorth Station, Shropshire 130 S50 715936  ooo

s THE EAST MIDLANDS
WIND AND WATER PO'WER

Maud Foster windmull, Boston, Lincs 1y TF 333447 61
Burgh-le-Marsh windmill, Lines 114 TP soq650 61
Alford windmill, Lines 14 TF  g5m66 61
Sibsey windmill, Lincs 14 TF 344510 61
Heckington windmill, Lines 113 TF 145436 61
STEAM AND INTERNAL COMBUSTION POWER
Papplewick pumping station, Nots 5K gys2: 1omn
Abbey Lane pumping station, Leicester 1 5K <BooSS 1aor
COAL
Snibston Colliery, Leics 121 5K 417148 130

Lound Hall Mining Muscum, Noto 11z SK qor731 130
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Site Map
Wallaton Hall Industrial Museum, Motmgham 12
Thrmgstone Colliery, Leics 11t
IRON AND $TEEL
Morley Park blast furnaces, Heage, Derbys 1
NON-FERROUS METALS
Magpic Mine, Sheldon, Derbys T
Stone Edge lead mill, Decbys 1
Alport leadmill, Derbys 11t
STONE, CLAY AND GLASY
Measham bricks, Leies 120
TEXTILES
Cotchent's sille mill, Dieeby 121
Old Mill, Cromfoed, Derbys 111
Masson Mills; Cromford, Derbys i
Cressbrook Mill, Derbys L
Calver Mill, Derbys i
Morth Mill, Belper, Detbys i
Vivells factory, Notingham 12
CHEMICALS
Eskring oil field, Notts 12
Plimgar il ficld, Leics 1§
PUDLIC SERVICES
Papplewick water pumping station, Notts T2
Abbey Lane sewage pumping station, Lewcester a1
Crich Tramway Museum, Derbys 11
Trum terminus, Ashby-de-la=Zouch, Leics =1}
ROADY AND BRIDGES
Swarkeston Bridge, Derbyy £t
Shardlow tollhouse board, Derbys 1at
RIVERS AND CANALS
Fossdyke, Notts and Lincs 104
o 113

Grid ref

SK
5K

SK

SK
SK
SK

SK

SK
SK
SK
SK
SK
SK
5K

SK

5K

SK
SK
SK
SK

1.4
SK

531303
424183

380492

173682
1314670
3330648

jlar22

348364
298569
204573
173728
145744
146480
§70194

762
7134

sB2g22
$89066
3453548
355004

160285

By778x
graT1}

Page

132
138

It
211

=

&
=3

S5EEREER

&8

En§¥

17
i34

341
jat
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S JHI? Grid ff_f W
Waterways Miseum, Stoke Brueme, Northann h SP 73500 337
Foxton Locks, Leics 133 SP Gealps 351
Blisworth Tunnel, Northants e SP 7ggam
W 739503 357
Shardlow, mland port, Derbys 111 SK gq4304 363
HAILWAYS
Buxworth basin, Derbys i SK o080 360
Tramway nmnel, Chapel Milton, Derbys i1 SK os8kir 360
Tramway bridge, Ticknall, Derbys rar 5K 35640 370
Tramway tunnel, Ticknall, Derbys tar SK jssa3f gm0
Blisworth Tunnel, Northanes 146 SP 720%30
730503 370
Middleton Top winding engine, Derbys mr 5K 275582 370
Tramway bridge, Stratford-upon-Avon 44 SP 205548 M1
Bagworth crossing house, Leics 21 SK gef001 3
Roade cutting, Northants s 5P 50535 379
Eilshy Tunnel, Northants 113 SP gfis7is
W §7R607 i
Harrngworth Visduct, Rutlind 13y 5P ong7s 385
Friargate Bridge, Derby 2 SK 3476 3
Glenfield Tunnel, Leics 121 5K 545063
I s61061 J02
Woodhead Tunnel, Derbys e  SK 114000 302
Redhill Tunmel, Nows 1at 5K 4pfio8 30
Ashby-de-la-Zouch Station, Leics 1z 5K assi63 o8
PORTS AND SHIPFING
Grimsby hydraube rower, Lincs o5, TA 281113 405
MISCELLANEOUS SITES
Manficld Building, Camnpbell Square,
Northampton 133 SP 755609 422

6 THE SOUTH EAST
WIND AND WATER FOWEN

Chullenden windmull, Kent 173 TR 2068543 56
Bourn windmill, Cambs 134 TL 312580 56
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Holon windmill, Suffolk
Pitstone windmill, Bucks
Wheatley windmill, Oxon

West Wittering windmill, Sussex
Willingham wimdmill, Cambs
Cranbrook windmill, Kent

St Margarct's Bay wmdmll, Kent
Bembridge windmill, Isle of Wight
Herne windmill, Kent

Great Bardfield windmill, Essex
Palegate windmill, Susex

Sehiey windinill, Sussex

West Wratting windmill, Cambs
Burwell windmill, Cambs
Cutwood windmill, Surrey
Saxted Green wmdmill, Suffolk
Great Chishill windmill, Cambs
Cross-m-Hand windnull, Sussex
Wicken Fen windnull, Cambs
Honey windmill, Norfolk
Bemney Arms windmull, Noefolk
Woodbridge tide mill, Suffolk
Drben Watermill, Widkham Market, Suffolk
Drimlestone windmill, Siuffole
Morden smaiff mills, Merton
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158
181
135
172
73
180
173
148
183
1§31
148
135
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148
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158
136
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STEAM ARD INTERNAL COMABUSTION POWER

Ram Brewery, Wandsworth, London
Stretham pomp, Cambs
Easmey pumping station, Portsmouth

Kempton Park pumping station, Hounslow,

Londan

Orterbourne pumping station, Hants (demol)

IRON AND $TEEL
Weald and Downlind Open Air Museum, Sussex

Hawkins Pond, Sussex
Hammer Pond, Susex
Slaugham Pond, Sussex

7o
135
18

17
168

181
182
1h2
182

TG
TL
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Q45187
38005z
™
404607
T79350
363433
tigoli7s
184661
ci1io8
iH1041
R43913
604510
§90655
127458
254044
413388
s58218
362700
457223
465041
276847
Jobsb6
glgbaz
282686

256747
SITTIO
75580

110709
FTLERE]

B75130
217192
219289
248281

g2

1

113
iz

151
151
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Cort's furnace site, Funtley, Hanrs 1o SU gsoofz 164
Sheerness boatsheds, Kent 172 TQ owrsy 172
STONE, CLAY AND GLASS
Betchworth linckilns, Surrey o TQ 208514 222
TEXTILES
Fournicr Street silk weavers' houses, London 160 TQ 3388158 238
Silk mull, Whitchurch, Hints 168 SU 46448 261

Yarn Mill, Cowgare, Norwick (now Jarrald"s) 1278 TG 235002
CHIMICALS
Faversham gumpowder mills, Kent 172 TR ooo61y 284
FUBLIC SERVICES
Water supply ponds, Llington, London 10 TQ srifizf 202
New River conduir, London 160 TQ 3Ry 202

o TQ 343987 203
oo TQ 306016 293
Kew Bridge water pumping station, Brentford,

London 170 TQ 188780 204
Warer tower, Godalmmg, Surrey 170-  SU oroyqs 208
Sewage pumpiny station, Greenwich i TQ 377772 206
Abbey mills sewage pumping station, West Ham 161 TQ 388832 206
Crossness sewage pumping station, Thamesmead 161 TQ 481y 206
Easmey sewage pumping station, Poroimouth 181 §Z o508y 207
Webb sewer Lamp, Carting Lane, London i TQ 3ot 208
Fakenham Gasworks, Nocfolk 125 TF 919203 100
Fulham Gasworks, London 1w TQ 60798 301
Reading Gasworks, Berkshire 160 5U qumd zon
Deptford power station, London 1 TQ 3mte 308
Volk's Electric Railway, Brighton, Sussex B2 TQ 36038 310
Kingsway tram subway, London 60 TQ joséry 312
Semaphore station, Chatley Heath, Surrey 170 TQ oSpsis 114

HOADS AND BRIDGES
Wigon-weighing machine, Woodbridge, Suffolk 150 TM srapn 323
Tickford Bri.dgc. Mewpon PJ-EI!#_IL Bucks 146 P B 134
Marlow suspension bridge, Bucks 159 SU Bs2R62 338
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Siwe

RIVERY AND CAMNALS
Eynsham fash lock, Oxon
Castle Mills staumch, Beds
Tuddenham Mill stream, staunch
Bottisham Lode, staunch

Papercourt turf locks, . Wey, Surrey
Walsham gates

Wonsfold gates, nr Send, Surrey
Sheffield turf lock, Berkshire

RAILWAYTS

Surrey Iron Railway track, Purley

Surrey lron Railway track, Wallington
Tring curting, Herns

Camden roundhowse, London

Hanwell Viaduct, Middlesex
Maidenheid Visduct, Berks

Primrose Hill Tunnel, London (South portal)
St Pancras Station, London
Cambridge Stanon

Maldon Stamon, Essex

Southumpton (L&SR) Sunon

Sheifield Park Station, Sussex

Baitle Station, Sussex

PORTS AND SHIFFING

Tower Brdge, London

St Katharmne's Dock, London
Dockside crine, Harwich
Chatham boat store

Sheemness boarshed

Portsmouth dockyard storchouse
Cutry Sark, Greenwich

HMS Victory, Portmmouth

Map

145%
147
135
135
170
70
170
138
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170
159
150
165
159
150
160
165G
160
135
162
180
183
184

160
160
150
172
172
180
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03831
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462573
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422109
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755156

137802
110843
262325
7hi700
219753
G1000§
383781
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Sire Map Grid "‘f Page
MISCELLANEOUS $ITES
Bullard's Brewery, Norwich 28 TG 231088 29
Snape maltings, Suffolk 137 TM 3923573 413
Abbor's Hall Museum, Swowmarket, Suffoll 136 TM og758s
Dorckeey wheel, Beech, we Alton, Hanits tfg  SU 688386
Maltings, Tpswich Dack, Swuffolle 50 TM 182437
Misthey Maltings, Essex 150 TM 324719

7 THE 50UTH WEST

WIRD AND WATER FOWER

Chapel Allerton windmill, Somerset 165 ST 4143504 56
High Ham windmill, Somerser 165 ST 431308 57
Wilton windmall, Wiltshire 7 SU 261y 50
Wheal Martyn waterwheel, Comwall 185 SX  0o4s5s 76
Claverton water pump, Somerset 164 5T Touhgs i
Priseon Waternull, Somerser w6 ST Gosors 77
Stcklepath scythe works, Devon 175 SX Ggi40 78
Tolgus o streaming works, Comweall thg  SW dpogik 78
STEAM AND INTERNAL COMBUSTION FOWER

Hawkesbury beam engine, Dartmouth, Devon 188 S5X  Brosis 83
East Pool engines, Cambomne, Comwall 189 SW 6re46

& 67419 103
Levant mine engine, Comwall g SW 375346 103
Crofton pumping station, Wilts 167  S5U 262627 103
Underfall Yard wackshops, Bristol 156 ST s7a7za 110

CIOAL
New Rock Colliery, Somerset w6 ST 647504 130
Mailsea Collicry engine house, Somerset 165 ST 470601 138
IRON AND STEEL

Sticklepath scythe wurks, Devon 175 5X figog0 160
Coleford blas furnace, Gios 142 50 577720

ENGINEERING
Underfall Yard workshops, Bristol 156 ST s7ayaz 188
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Sie Map
NOR-FERROUS METALS
South Crofty tin mine, Cornwall 185
Geevor un mine, Cornwall 1hy
Caopperhouse, Hayle, Cormwall 18y
Calamme oven, Shipham, Somerset 165
Keynsham brass mills, Somerset 136
Saltford brass wmills, Somerset 156
Kebton brass mill, Samerser 156
Warniley brass works, nr Bristol 156
Levans copper miie, Comwall 189
Robmson's Shaft, South Crofiy, Comwall 180
East Pool engines, Cambome, Cormwall 18g
Holman's Muscum, Camborme, Cormwall 18
Nancledra stamps, Comwall 18y
Tolgus tin stresrming works, Cormwall 19
Priddy lead workings, Samerser 165§
Charterhouse lead workings, Somerser 165
Smitham Hill Jead smelter, Semerset 165
Crews Hale chimney, Bristol 156
Devon Grear Comsals Mine, Devon 175
Boullack Mine, Comwall 189
STONE, CLAY AND GLASS
Conerete-frame tobacco warchouse, Bristol 156
Seatan conerete bridge, Devon 177
Wheal Marryn clayworks, Cornwall 18
Parkandilluck clayworks, Cornwall 184
Goonvean cliyworks, Coenwall (1.1
Carthew clayworks, Cornwall i3
Wendron Forge, Cornwall 189
Bristo] glass cone 156
Harvey's Wine Muscum, Bristol 156
Portland st quarries, Dorset 178
TEXTILES
Stanley Mill, Scroud, Glos 156
Aven Mill, Malmeshury, Glos 157
Dhinkirk Mill, Naflsworth, Glos t56

669409
375345
$68380
243574
67048
fl7a7r
604680
608728
160340
60409
Brgath
670410
6474m
§Oa353
o438
jas5c
504557
556547
623733
425713
163333

567723
243000
004535
043568
947553
SUT554
68031%
susT23
584720
oz

413043
936869
Sqqo03

36§
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CHEMICALS
Salt evaporation pools, Lymingron, Hants
Soap factory, Broad Plain, Bristol
Logwood Mill, Keynsham, Somerset
Powder Mills Farm, nir Princetown, Devon
Powder House, Bnstol
Bathford paper mill, Somerset
Wookey Hole paper mill, Somerset
Slaughterford rag mill, Glos
Oil shale extraction plant, Kilve, Somerset

PUBLIC SERVICES
Blagdon water pumping station, Somerset
Chelvey water pumping station, Somerset
Bristol electricity power stations

ROADS AND BRIDGES
Ashron Gare tollbouse, Bristol
Cast-iron finger post, Bristol
Over Bridge, Gloucester
Iron bridges over Kennet & Avon Canal, Bath
Iron bridge, Tewkesbury, Glos
Mythe Bridge, Tewkesbury, Glos
Victoria Bridge, Bath
Clifton suspennion bridge, Brsitol
Royal Albert Bridge, Saltash, Cornwall
Seaton, concrete bridge, Devon

RIVERS AND CANALS
Combe Hay locks, Somerset
Ridd mcline, Devon
Sapperton Tunnel, Glos
Dundas Aqueduct, Monkton Combe, Somerset

Avoncliff Aqueduct, Somerset
Devizes Locks, Kerwt & Avon Canal, Wiles
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16y

165
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156
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P56
143
156
143
43
156
136
187
77

166
163
157
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166
187

44999949498 9
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315023
197728
6566709
fi2Bo6g
537705
To0STL
5311466
Byu738
147439

$03000
474679
594728
593728

LYE LT
500718
SrTios
758654
893330
BES137
741650
$64731
435587
253900

748004
7ty
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G44034
Thabas
BogGo0
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Page
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30
314
334
336
138
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338
319
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357
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Sine

HAILWAYS
Combe Hay tramway incline, Somerset
Morwellham quay and tramway, Devon
Box Tunnel, Wilts (west portal)
Chepstow Bridge, Glos
Meldon Viaduer, Devon
New Passage pier and hotel, Glos
Bath, Green Park Sranon
Brstol, Temple Meads Station
Statcross pumping station, Devon
Buckfastleiph Station, Devon
Brusiel viadiart picry, Livkeard
Haptor Granite Railuay, Devon

FORTS AND $HIFPING
Sea Mills Harbour, Bristol

Cumberland baxin, Bristal

Underfall Yard workshops, Bristol

Prince’s Strect Bridge, Bristol

Bush's warchouwse, Bristol

Bathurst basn warchowes, Bristol

Weldh Back warchouses, Bristol

Heavy lift erane, Britol

Smeston's Eddysone lighthouse, Plymouth
Great Western: Dok, Bristol, and @5 Grear Britain

& WALES

Map

1665
187
156
156
175
L]
166
146
176
1.1
186
(1.1

155
146
156
146
156
156
156
146
187
156

WIND AND WATER POWHR

Carew tide mill, Pewds

Dineruic aflill'ﬁﬂ' waterwherl, Caermervon
Llandegai Watermill, Cacenarvon
Pane-y-Felin Watermill, Cacrarvon

COAL
Old Glyn Pir, Ponrypool
Trehafod Colliery
Abergorki Colliery
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115

T34
54
154

Gorid ref
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4406608
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Sie Map
IRON AND STEEL
Blaenavon iron furnaces, Monmourh 154
NON-FERROUS METALS
Parys Mountain, Anglescy 106
Amlwch, Anglesey 106
Parys Mountam windmill, Anglesey 106
Cydweli tnplate works 152
Melingriffith pumnp, nr Cardiff 154
Doliucothi gold mines, Carms 140
Gwynfynydd gold mines, Merioneth 16

STONE, CLAY AND GLASY

Penrhyn slate quarnies, Cacrmarvon 107
Blaenau Fietiniog slate quarries 107
Llanberss slate quarnes 197
TEXTILES
Welsh Folk Museum, St Fagans, Cardiff 154
PUBLIC SENVICES
Lake Vymwy reservoir, Montgomery 17
Dolgellau Gaswaorks, Merioneth 16
Great Orme Railway, Llandudno o7
ROADS AND BRIDGES
Sychnant Pass, Cacrarvon 107
Llanfair PG rolthouse, Anglesey 1oy
Pontypridd Bridge 54
Watetloo Bridge, Bettws-y-Coed o7
Menai suspension bmige 107
Conwsy suspension bridge o7
Newport tramporter bridge, Mon (R
RIVERS AND CANALS
Pont Cysyllee Aqueduet, Denbighshire oy

Llanfoist wharf, Brecon Canal 142

Grid ref
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440014

21079
142801
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o181g1
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750770
§32715
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786777
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371420
285130
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203
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213

216
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116
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130
34
137
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140
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Site

RAILWAYS
Pwil-Ddu tramway tunnel, Mon
Tramway bridge, Redbrook, Mon
Penydarran Tramway remains
Britannis Bridge, Carmarvonshire
Conway Brdge, Cacrnarvonshire
Barmouth tmber viaducr, Menoneth
Penrhyndeudracth timber viaduct, Merioneth
Flestiniog Tunnel, Menoneth

Blackrock Pier, Mon

Sudbrook pumping station, Mon

Tywyn Station, Merioneth

Abergynolwyn Station, Merioneth

Parthimadog Station (FR), Caetnarvan

Lanfar Caereinion Station, Montgomery
Aberystwyth Station (V of RR), Cardigan
Devil's Bridge Station, Cardigan

Lianberts station, Snowdon Railway, Caemarvon
Tramway Bridge, Aberdare

141
14z
i34
107
107
11t
(1§ (1]
o7

155
155
127
137
L1
117
127
127

154
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07460
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2 Museums of Industry

MUSEUMS OF INDUSTRY

The following are the principal museums holding industrial, teclmological and
tramsport material. They sre listed alphabencally by plice and the entries m column
twa refer to the type of industrial material in the collection—thu “textiles’ means
textile machmery and so on.

ANSTRUTHER (Fife) Scorush fishenes
Scotush Fisherres Museum,

St Avles, Hurbourhesd, Anstrucher

Tel: Anstruther 628

BANGOR. (Caernarvon) Railways, slate transporet
Penrhyn Castle Locomotive and

Industrial Museum,

Penthyn Castle, Bangor

BEAMISH (County Durham) Industry and social history of the

North of Englind Open Atr Miseum,  North East
Bearmish Hall, Stanley, County Durham
Tel: Stanley (o2073) 3556

BEAULIEU (Hampshice)

Buckler’s Hard Maritime Muscun, Manitume
Buckler's Hard, Beguliest, Brockenhun:

Tel: Buckler's Hard 201

MNational Mowor Museam, Motor vehicles
Palace Howse, Beauliey

Tel: Beauliew 174

BIRMINGHAM

Avery Historical Museam, Company muscum, weighing
W. & T, Avery Lud, (appointment preferred)
Sobo Foundry, Bimungham 40

Tel: (oz1) 548 1112
451
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Miiscurm of Science & Industry, Scietice, engineering, transport
MNewhall Street, Birmingham B3 (RZ

Tel: (ozr) 236 1022

Sarchole Mill, Cale Bank Road, Watermill

Hall Green, Birmingham

{administered by City Museum & Arr Gallery)

Tel: (o=t} 777 6612

BEACKBURN (Lancashise) Textiles
Lewis Museum of Textile Machinery,

Exchange Street, Blackburn

Tel: (oz4) 50511

BRADFORD [Yorkshire) Textiles, engincering, transport
Lnduerial Museum, Moorside Mills,

Moorside Road, Ecclehill, Bradford

BRISTOL

Blane Castle House Museum, Local crafts, watermill (Seratford Mill)

Henbriry, Bristal BSto 705
Tel: (a272) 625378

City Mincum, Industry (mainly in store), mantime,
Queen's Road, Brisol BS2 1RL transport

Tel: (o272) 20077

Harvey's Wine Museuin Company Museum, wine, bottles

12 Denmark Street, Bristol

Teli (m272) sardy

CAMBORNE (Cornwall)

Halman Muoseum, (Holman Brothers Ltd) Mining engineering, local industry
Cambome

School of Mines Mueum, Camborne Mining engineering

CARDIFF

Magional Mussum of Walss, Welsh mdustry, muning, steel, nnplare,
Cathavs Park, Cardiff CF1 NP Ty inge, duppmg

Tel: (oxzs) abagi

Weldh Folk Mumsemm, St Fagans, Welsh craft induastries,

Cardiff CFs 6XB woollen mill, cannery

Tel: (o223) $61357
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CASTLETOWN (lIsle of Man) Maritime. Schooner-rigged vache
Mautical Museums, Bridgge Streez, Pregy, 1759
Manx Muoseom)

COALBROOKDALE (see Telford)

COVENTRY Road transpars, textiles, acromantics
Herbert Arr Gallery & Muoseun,

Jordan Well, Coventry CV1 sQP

Tel: (oz203) 25555

CRICH (Derbyshire) Teams
Tramway Muwsewm, Matlock Road,

Crich, near Matlock, Deshyshire DE4 sDP

Tel: (o77 385) 2363

(Grid ref: 111 SK 345545)

DERBY Local mdustry, rextiles, acronautics
Museum of Industry & Technology,
Silk Mill Lane, Derby

ECCLES (Lancashire) Natmyth machiney
Monks Hall Musenm,

42 Wellington Read, Eccles,

Lancashire Mo NP

Tel: (ofin) 789 4372

EDINBURGH Scictice, enginecring, tranmporn,
Royal Scottish Museum, arTonautics, mining

Chambers Street, Edinburgh EH1 1JF

Tel: (o31) 225 7534

EXETER (Devon) Maritime, mainly ssiling craft
Exeter Mantome Museum, The Quay,

Exeter EX2 4AN

Tel: (0392} sho7s
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GLASGOW
Art Gallery & Museum,

Eelvingrove, Glasgow C3
Tel: {o41) 334 1132

Museum of Transport, 25 Albert Drive,

Glagm'.r S1
Tel: (og1) 423 foca

HALIFAX (Yorkshire)

Bankficld Muoseum & A Gallery,
Akroyd Park, Halifax

Tel: (o422} s4Baa

West Yorkshire Folk Muoseum,
Shibden Hall, Shibden, Halifsx

Tel: (0422) 52246

HARTLEBURY [Wotcestershire)
Worceaershire County Musenm,
Hartlebury Castle, ne Kidderminster
Tel: Hartlebury 416

HARTLEPOOL (County Drarham)
Maritime Muscum, Northgare,
Hartlepool

HULL (Yorkshire)

Maritime Museum, Pickering Road,
Hesle Road, Kingston upon Hull
Tel: (o482) 51936

Tramsport & Archasology Museum,
36 High Soeet, Kingston upan Hull
Tel: {og8a) 27624

IRONBRIDGE (see Telford)
LEICESTER

Muscum of Technology, Abbey Lane
Putnpng Station,

Corporationl Road, Leicester

Tel: (0333) 61330

Railway Muscum, London Read.
Stoneygate, Lelcester

Maritime engincening

Transpaort

Textles

Local indintry, transport

Local indusiry, carpets, tramport

Maritime, fishery

Marnrtime

Industry of the East Midlands, transpore

Railways
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LIVERPOOL Land transport, maritime
Merseyside County Museums,

Willlam Brown Street, Liverpool L3 8EN

Tel: (o51) 207 coor

LLANBERIS (Caernarvon) Shte quarrymg, wron founding,
MNarth Wales Quarrying Miseum, engineermg

Llanberis

Tel: Llnberis 630

LONDON

Mational Marinme Museum, Marititie

Romney Road, Greenwich,

London SE1o gNF

Tel: (o1} 85% 4422

Sctenee Museum, Secience, technology, indostry
Exhibition Road, South Kemangron,

London SWo 2D

Tel: (o1) 580 6371

MAIDSTONE (Kent) Carriages
Tyrwhitt-Drake Miscum of Carrages,
Archhishop's Stables, Mill Street,

Maidstane

Tel: (0623) 54497

MANCHESTER Science, mdustry of the Notth Wes,
North Western Museum of Science & rexiiles

Industry,

o7 Grosvenor Street,

Manchester M1 7HF

Tel: (061) 273 6636

NEWCASTLE-UPON-TYNE Engincering, maritime, mining,
Museum of Science & Engmeening, fransport

Exhibition Park, Great North Road,

Newcastle NEz 4PZ

Tel: {0632) 20737

NOTTINGHAM Local industry, textiles (lacc)
Industrial Muscum,

Wollaton Hall, Courtyard Buildings,
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Nottingham NG# 2AE
Tel: {o602) 284602

QXFORD

Mitseutn of the History of Science,

Old Ashmolean Building, Broad Serect,
Oxford OX1 3AZ

Tel: {0865) 43997

READING (Berkshire)
Museum of English Rural Life,
Whiteknights Park, Reading RG6 2AG

Tel: (o734) 85123, ext 473

ST HELENS (Lancashire)

Pilkington Glass Museum,

Prescot Road, St Helens WALo 1TT
Tel: (0744) 28882

SALFORD (Lancashire)

Science Museurn, Buile Hill Park,
Eccles Old Road, Salford M6 8GL
Tel: [ofir) 736 1832

SHUGROROUGH (Staffordshire]
Staffordihire County Museum,
Shugborough, Safford §T17 oXB
Tel: Little Haywood 38%

STOKE BRUERNE (Northamptonshire)
Waterways Museum, nr Towcester
Tel: Norﬂnmptm [ofag) B62azg

STOKE PRIOR (Worcestenshire)
Avoncroft Museum of Buildings,
nr Bronngrove, Béo 4R

Tel: Bromsgrove 11363

STREET (Somersct)

Clarks Shoe Museum,

Street

Tel: (o458 4) 3131, ext 2681 & 2557

MUSEUMS OF INDUSTRY

Scientific instruments

Farni and crafi echnology, runl
indusery

Compamy musemmn,
history of glasmaking

Coalmining, local indusary

Local indusery, transport
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SUNDERLAND (County Durham) Restored mailway station, local hastory
Monkwearmouth Station Museom,

North Bridge Streer,

Sunderland

Tel: (o783) 7708

Public Museum & Art Gallery, Maritime, local industry

Borough Road, Sunderland SR 1PP

Tel: {o783) 70417

SWANSEA Local indistry
Industrial Museuny of South Wales,
Victoria Road, Swansea

SWINDON (Wiltshire) Great Western Railway

Grear Western Railway Museum,

Faringdon Road, Swindon

Tel: (o793) 27211

TELFORD (Salop) Open Air Industrial Museum,
Blists Hill Open Air Museum iron, coal, clay, the lron Bridge

Coalbrookdale Museum & Furnace Site
fronbridge Gorge Museum Trust, Church
Hill, Ironhridge, Telford, Salop TFs 7RE
Tel: (094 245) 3322

TOWYN (Meriuneth) MNarrow-gauge tallways
Narrow Gauge Railway Mueum,
Whart Station, Towyn

WEST DEAN (Sussex) Open-air museum of buildings
Weald & Downland Open Air Museum,

Singleton, Chichester

Tel: Liphook 723104

YORK Railways
Railway Museum, Cuicen Street,

York YOu tHT

Tel: (ogoy) s3022



3 Industrial Archaeological Organisations

ABERGAVENNY & DISTRICT STEAM SOCIETY
Secretary, 15 Elm Drive, Llnellen, Abergavenny, Mon

ABERTAY HISTORICAL SOCIETY: 1A SECTION
Secrerary: 21 Stmwberry Bank, Dundee DD2 1BH

ANTIQUARIAN HOROLOGICAL SOCIETY
Secretary: 35 Northampton Square, Clerkenwell, London ECy

ASSOCIATION FOR INDUSTRIAL ARCHAEOLOGY
Seeretary ; Church Hill, Ironbridge, Telford, Salop TF# 7RE
Tel: oos-24% 3522

ASSOCIATION OF COUNTY COUNCILS
Secretary: f6a Eaton Square, London SW1W gBH
Tel: or-235 5173

ASSOCIATION OF DISTRICT COUNCILS
Secretary: 25 Buckingham Gate, London SWiE 6LE
Tel: or-828 7425

ASSOCIATION OF METROPOLITAN AUTHORITIES
Secretary: 36 Old Queen Street, London SW1H oJE
Tel: 01930 9361

BASINGSTOKE [A GROUP
Chairman: 103 Maldive Road, Basingstoke, Hants

BATH & CAMERTON ARCHAEOLOGICAL SOCIETY
Sccretary: 61 Pulteney Street, Bath

BATH UNIVERSITY: CENTRE FOR THE STUDY OF THE HISTORY OF
TECHNOLOGY

Director: School of Humanitie and Social Sciences,

Claverton Down, Bath BAz 7AY
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BATLEY MUSEUM SOCIETY: 1A GROUP
Secrerary: 16 High Cote, Riddleston, Keighley, Yorks

HERKSHIRE ARCHAEOLOGICAL SOCIETY: 1A GROUP
Secretary: 2 Eldon Road, Reading RGt 4DH

BIRMINGHAM & WARWICKSHIRE ARCHAEOLOGICAL SOCIETY: 1A
RESEARCH GROUP

Secretary: Dept of Industrial Admnistration, University of Aston in Birmingham,

Maple House, 158 Corporation Street, Birmingham 4

BRADFORD ARCHAEOLOGY GROUF, 1A SECTION
Secretary: Bradford Industrial Museum, Moorside Mills, Moorside
Road, Bradford BD2 HP

BRADFORD UNIVERSITY, 1A UNIT
Secretary: The Univenity, Richmond Road, Bradford B2 1DP

BRISTOL INDUSTRIAL ARCHAEOLOGICAL SOCIETY (BIAS)
Secetary: Humeer's Hill, Oakficld Road, Keynsham, Briscol BS18 1]Q

BRITISH COUNCIL
Director: 6¢ Davies Streer, London Wi 2AA
Tel: 01-400 S611

BRITISH LIBRARY BOARD
Press Officet: Store Streer, London WCIE DG
Tel: ar-fab 0755

BRITISH LIBRARY LENDING DIVISION
Boston Spa, Wetherby, Yorkihire LS23 780
Tel: 0037 43434

BRITISH MUSEUM LIBRARY
Bloomsbury, London WC1
Tel: o1-636 1555

BRITISH MUSEUM NEWSPAPER LIBRARY
Colindale Avenue, London NW4g
Tel: ar-205 4754, 6039
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BRITISH RAILWAYS BOARD
223 Marylebone Road, Lendon N'W1
Tel: o1-262 31232

BRITISH RECORD SOCIETY
Secretary: Depr of History, The University, Kecle, Suffs

BRITISH RECORDS ASSOCIATION
Secretary: The Charterhouse, Charterhouse Square, London ECt
Tel: o1-253 agati

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE
Asst Secretary: 47 Belgrive Square, London SWiX 8QX
Tel: ar-235 611y

BRITISH TRANSPORT FILMS
Melbury House, Melbury Terrace, London N'W s
Tel: o1-262 3233

BRITISH TRANSPORT HISTORICAL RECORDS
66 Porchester Road, London W2
Tel: ar-262 6711

BRITISH TOURIST AUTHORITY

230 Marylebone Road, London MW QT
Tel: or-262 o141

BRUNEL SOCIETY
Secretary : Brunel Technical College, Ashley Down, Bristol BS7 oBU

BUSINESS ARCHIVES COUNCIL
Secretary: 63 Queen Vicroria Streer, London ECy

CAMBRIDGE SOCIETY FOR IA
Secrctary: 4 Sprmgfield Road, Cambridge CB4 1AD

CARNEGIE UNITED KINGDOM TRUST

Secretary: Comely Park House, Dunfermline, Fife KY12 7E]
Tel: 0381 21445
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CHESTER & DISTRICT IA SOCIETY
Secretary: Sunnycor, 1 Ash Grove, Little Sutton, Wirral, Cheshire L66 1PP

CIVIC TRUST
Direetor: 17 Carlton House Terrace; London SW1Y sAW
Tel: o130 0014

CLACKMANNANSHIRE FIELD STUDIES SOCIETY: [A SECTION
Secretary: 26 Vietoria Street, Allos, Clickmannanshire

COMMITTEE FOR NAUTICAL ARCHAEOLOGY

Secretary: The Institute of Archaeology, University of Londan, 31-34 Gordon Square,
London W

Tel: oi-147 dosz

CONSULTATIVE PANEL FOR THE PRESERVATION OF BRITISH TRANS-
PORT RELICS
Secretary: 33 Russell Road, London Wiy

CORNWALL ARCHAEOLOGICAL SOCIETY: IA SUB-COMMITTEE
Secretary: 6 Godolphin Way, Newquay

COUNCIL FOR BRITISH ARCHAEOLOGY
Dhrectar: 8 St Andrew’s Place, Regent's Park, London NW1 418

COUNCIL FOR BRITISH ARCHAEOLOGY : GROUP 2. IA SECTION
Secretary: Maesflas, Llanafan, Aberystwyth, Cardiganshire

COUNCIL FOR NAUTICAL ARCHAEOLOGY

Sectetary: Insutute of Archacology, University of London, 31-34 Gordon Square,
London WCiH oPY

Tel; o1-387 tog2

COUNCIL FOR SMALL INDUSTRIES IN RURAL AREAS
35 Camp Road, Wimbledon Common. London SWio

COUNTRYSIDE COMMISSION
1 Cambridge Gate. Londen N'W1 4JY
Tel: o135 5533
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COUNTRYSIDE COMMISSION FOR SCOTLAND
Director: Bartleby, Redgorton, Perth
Tel: o718 27021

CRAFTS ADVISORY COMMITTEE
Secretary: 12 Waterloo Place, London SWi
Tel: or-810 §263

CUMBERLAND AND WESTMORLAND ANTIQUARIAN & ARCHAEQO-
LOGICAL SOCIETY : [A COMMITTEE

Joint Secretaries: M. DaviesShiel, Lilac Cotrage, Lake Road, Bowness-on-Winder-
mere, and Dr |, D. Masshall, Department of History, University. of Lancaster

DEPARTMENT OF THE ENVIRONMENT

Directorate of Anclent Monuments & Historic Buildings, 3 Marsham Street, London
SWiP 3EB, Chicf Inspector of Ancient Monuments & Historic Buildings, Fortress
Huousse, 23 Savile Row, Landon WiX 2AA

Tel: o1-734 6010,

See alto Hisoric Buildings Coundl; National Monunients Record. Royal Commission
on Himorical Monuments

DERBYSHIRE ARCHAEOLOGICAL SOCIETY: 1A SECTION
Sectiomal Secretary: 45A Sandbed Lane, Belper, Derhy

DEVON [A SURVEY
Secretary: Dartington: Amenity Rescarch Trust, Central Office, Shinner’s Brdge,
Dardngton, Tomes

DEVONSHIRE ASSOCIATION; IA SECTION
Secretary: 18 Margarer Park, Hartley Vale, Plymonth, PLy sRIL

DORSET NATURAL HISTORY & ARCHAEOLOGICAL SOCIETY: IA
GROUP
Secretary: 20 Marrel Clive, Broadmayne, Dorchester

DURHAM 1A GROUP
Secretary: 26 Bede Terrace, Bowburn, Dutham

DURHAM UNIVERSITY GROUP FOR 1A
Seerptary: Dunclm House, New Elvet, Durham
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EAST LOTHIAN ANTIQUARIAN & FIELD NATURALISTS SOCIETY
Secretary: Hadley Court, Sidegare, Haddington

EAST RIDING AGRICULTURAL MACHINERY PRESERVATION SOCIETY
Secretary: Louvan, Rowley Road, Little Weighton, Hull

EAST YORKSHIRE LOCAL HISTORY SOCIETY
Secretary ! Purey Cust Chambers, Yok, YOu 2E]

ENFIELD ARCHAEQLOGICAL SOCIETY
Hon. Secretary: 23 Uvedale Road, Enfield, Middlesex

ENGLISH LAKES COUNTIES TOURIST BOARD
Ellerthwaite, Windermere, Westmorland
Tel: Wndermere 4443

ENGLISH TOURIST BOARD

4 Grosvenor Gardens, London, SWi1W oDU
Tel: o1-730 3400

EUROPEAN ARCHITECTURAL HERITAGE YEAR, 1974
{United Kingdom Secretariat)

17 Carlton House Terrace, London, SW1iY sAW

Tel: o1-p10 0014

EXETER 1A GROUFP
Sccretary: 5 Elmgrove Road, Topsham, Exeter, EX3 oEQ

FAVERSHAM S0CIETY
Secrctary: 42 Newton Road, Faversham, Kent

FIELDY STUDIES COUNCIL
9 Devereux Court, London WC2

FINCH FOUNDRY TRUST
Secretary: Sticklepath, Okehampron, Devon

FORFAR & DISTRICT HISTORICAL SOCIETY
Secretary: 7 Wylhic Serect, Forfar



464 INDUSTRIAL ARCHAEOLOGIHAL ORGANISATIONS

GEORGIAN GROUP
Secretary: 2 Chester Street, London, SWiX 788
Tel: o1-215 1081

GLOUCESTERSHIRE SOCIETY FOR [A
Secrctary: 6 & 7 Montpelier Street. Cheltenham

'GREAT BRITAIN' PROJECT

The Briush Centre, Quality Housc, Quality Court, Chancery Lane, London WCz
(and Great Western Dock, Bristol). Concerned with SS Great Britain,

GREATER LONDON [A SOCIETY (GLIAS)
Seczetury: 69 St. Peter's Road, Croydon, Surrey, CRo 1HS

(CALOUSTE) GULBENKIAN FOUNDATION
United Kingdom and British Commonwealth Branch
Director; 98 Portland Place, London, WiN 4ET

Tel: o1-636 53137

HAMPSHIRE FIELD CLUD & ARCHAEOLOGICAL SOCIETY
Secretary: Dept of Archacalogy, University of Southampron, SO sNH

HIGHLANDS & ISLANDS DEVELOPMENT BOARD
Bridge House, Bank Strect, Inverness
Tel: o3 3417

HISTORIC AIRCRAFT PRESERVATION SOCIETY
Secretary: 7 Baker Streer, London Wy

HISTORIC BUILDINGS BUREAU
Caxron House, Tothill Streee, London, SWh

HISTORIC BUILDINGS COUNCIL (ENGLAND)
Secretary: Queen Anne’s Mansions, Quren Anne’s Gate, London, SW i

HISTORIC BUILDINGS COUNCIL (SCOTLAND)
Secretary: 21 Hill Streee, Edinburgh 2

HISTORIC BUILDINGS COUNCIL (WALES)
Secretary: Welsh Office, Summit House, Windsor Place, Cardiff CF1 3BQ
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HISTORIC COMMERCTAL VEMICLE CLUB
1 Pembury Howse, Abbey Park, Beckenham, Kent
Tel: o1-d50 2806

HISTORICAL ASSOCIATION
Secretary: oA Kennington Park Road, London SEry 4]H
Tel: at=735 3001

HISTORICAL METALLURGY SOCIETY
Secretary: Dept of Economic History, The University, Sheffield, S10 2TN

HISTORICAL MODEL RAILWAY SOCIETY
Secrezary; 18 Heverley Gardens, Great Woodley, Romsey, Hampshire, SOs §TA

HUDDERSFIELD [A SOCIETY
Sectetary: 11y Coniston Aveave, Dalton, Hisldensflicld

INDUSTRIAL STEAM PRESERVATION GROLUP
Charman; 146 Milner Close, Humsler Grange, Leeds 10

INLAND WATERWAYS ASSOCIATION
Gen Secrétary: General Office, 114 Regent’s Park Road, London, N'W)
Tel: o1-386 2546, 2510

INLANTD WATERWAYS PROTECTION SOCIETY
Sectetaty s Gone-sdde, Cartledge Lane, Holmsficld, Shefficld, 518 558
Telenhone: 0742 138352

INSTITUTE OF ARCHAEOLOGY

Seeretary & Hegntrar: Univensity of London, 31-34 Gordon Square, London,
WCiH olY

Tel: o5-357 6asz2

INSTITUTE OF CHEMICTAL ENGINEERS
Gen Sectetary: 16 Belgrave Syuare, London, SW)

INSTITUTE OF MARINE ENGINEERS
Secretary: Memurial Building, 76 Mark Lane, Londan, EC3
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INSTITUTE OF FPATENTEES & INVENTORS
Secretary: 207-8 Abbey House, Victoria Streer, London, SWh

INSTITUTE OF QUARRYING
Secretary: 6iz~g Baker Sereet, London, Wi

INSTITUTE OF TRANSPORT
Secretary: 80 Portland Plice, London, Wi

NSTITUTION OF CIVIL ENGINEERS
Secretary: Great George Street, London, SWi
Panel for Historic Engincening Works (PHEW): address above

INSTITUTION OF ELECTRICAL ENGINEERS
Seeretary: Savoy Place, Landon, WCz

INSTITUTION OF HIGHWAY ENGINEERS
Secretary: 14 Queen Anoc's Gate, London, SW

INSTITUTION. OF MECHANICAL ENGINEERS
Secretary : 1 Birdcage Walk, London, SWh

INSTITUTION OF MINING & METALLURGY
Secretary: 44 Portland Place, London, Wi

INSTITUTION OF MINING ENGINEERS
Secretary: § Growvenor Crescent, London, SWh

INSTITUTION OF PLANT ENGINEERS
Secromary; 138 Buckingham Palace Road, London, SWi

[NSTITUTION OF PRODUCTION ENGINEERS
Secrerary: 10 Chesserfield Street, London, Wi

INSTITUTION OF STRUCTURAL ENGINEERS
Secrotary: 11 Upper Belgrive Street, Lomdon. SWt
Historical Group, Secretary’s address 2 above

INSTITUTION OF WATER ENGINEERS
Secretary: 6-§ Sackville Streer, London, Wi
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INTERNATIONAL COUNCIL OF MUSEUMS
{British Navonal Commireee)

Sccretary: Scicnce Museum, London, SW7

Tel: o1-380 6371

INTERNATIONAL INSTITUTE FOR CONSERVATION OF HISTORIC AND
ARTISTIC WORKS

Secretary Genenal: 608 Grand Buildings, Trafalgar Square, London, SCaM sHN
Tel: ar-830 5075

IRISH SOCIETY FOR [A
Secretary: 34 Lakelands Close, Blackrock, Co Dublin

IMON & STEEL INSTITUTE
Seerctary: 4 Grosvenor Gardens, London, 5Wi

IRONBRIDGE GORGE MUSEUM TRUST
Director: Church Hll, Ironbridge, Telford, Shropalire, TF8 9RE

I5LE OF MAN NATURAL HISTORY & ANTIQUARIAN SOCIETY FIELD
SECTION: IA GROUP
Secretary: ¢fo Manx Museum, Douglas, 1IOM

ISLE OF MAN TOURIST BOARD
1} Victoria Street, Douglas, IOM
Tel: o624 4323

KINGSTON POLYTECHNIC IA SOCIETY
Secretary : Kingston Polytechnic, Penrhyn Road, Kingston-upon-Thamies, Surrey

KIRKCALDY NATURALISTS' SOCIETY
Secretaty: 535 King Street, Kirkcaldy, Fife

LANCASHIRE & CHESHIRE ANTIQUARIAN SOCIETY
Secretary: ¢fo The Portico Library, Masley Street, Manchester, M2 jHY

LEICESTERSHIRE INDUSTRIAL HISTORY S50OCIETY
Secretary: "Three Gables', Queen Street, Markfield, Leicester
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LIBRARY ASSOCIATION
Secreeary: 7 Ridgmount Street, Londem, SCiE 7AE
Tel: 01-636 7543

LINCOLNSHIRE LOCAL HISTORY 50CIETY: 1A GROUP
Secrctary: Museum of Lincolnshire Life. Burton Road. Lincaln

MAIDSTONE AREA [A GROUP
Secrctary: 13 Hermitage Lane, Barming, Maidstone

MANCHESTER REGION IA SOCIETY
Secretary: North-Western Muscum of Saence and Technology, 7 Grosvenor Strect,
Manchedter, M1 7HF

MARITIME TRUST
Director: §3 Dhavies Street, London, WiY 1FH

(WILLIAM) MORRIS SOCIETY
Secretary: 25 Lawn Crescent, Kew, Surrcy

MUSEUMS ASSOCIATION
Secretary: #7 Charlote Stroet, London, WiP 2BX
Tel; c1-636 4600

MNATIONAL CENTRAL LIBRARY
Librartan & Secretary : Store Street, London, WCi
Tel: o1-636 o753

NATIONAL COUNCIL ON INLAND TRANSPORT
Scerstary: 306 City Road, London, EC4
Tel: o1-837 0145

MATIONAL FILM ARCHIVE
fv Diean: Swreer, London, WiV 6AA

NATIONAL HERITAGE: THE MUSEUM ACTION MOVEMENT
Secretary: 202 Great Suffolk Street, London, SEr
Tel: ar407 7411



INDUSTRIAL ARCHAEOLOGICAL ORGANISATIONS ]

NATIONAL LENDING LIBRARY FOR SCIENCE & TECHNOLOGY
Boston Spa, Yorkshire

NATIONAL MONUMENTS RECORD (INCLUDING NATIONAL BUILDING
RECORD)

Curator: Fortrest House, 23 Savile Row, London, WiX 1AR

Tel: 1743 6010

‘NATIONAL RECORD OF INDUSTRIAL MONUMENTS
Univenity of Bath, Claverton Down, Bath, Somerset

NATIONAL REFERENCE LIBRARY OF SCIENCE & INVENTION
Bayswater Division, 10 Porchester Gardens, London, W

Tel; o1-727 jo22

Holborn Division, 25 Southampton Buildings, London, WCa2

Tel: o1-405 8721

NATIONAL REGISTER OF ARCHIVES
Quality House, Quality Court, Chancery Line, Londaon, WCz
Tel: o1-242 3204

NATIONAL TRUST
42 Queen Annc's Gate, London, SWiH gAS
Tel: 01930 0211

NATIONAL TRUST FOR SCOTLAND
§ Charlotte Square, Edinburgh, EHz sDU
Tel: oar-225 21y

NEWCOMEN SOCIETY FOR THE STUDY OF THE HISTORY OF ENGIN-
EERING AND TECHNOLOGY

Seeretary: Science Museum, London, SW7

Tel: ar-489 1793

NEWCOMEN SOCIETY

Midlands Branch

Hon Secretary: 147 Whirlowdale Road, Sheffield, S7 2NG
Tel: o0742-167960



470 INDUSTRIAL ARCHAEOLOGICAL ORGANISATIONS

NORFOLK IA STUDY GROUP
Secretary’: 2 Mill Corner, Hingham, NOR 23%

NORTHAMPTONSHIRE 1A GROUP
Secrctary: 17 Mayficld Road, Northampton, NN 2RE

NORTHERN CAVERMN & MINE RESEARCH SOCIETY
Secretary: 13 Gledbow Avenue, Roundhay, Leeds, L58 (LD

NORTHERN MILL ENGINE SOCIETY
Seeretary: 2 Brocklebank Road, Rochdale, Lancashire

NORTH EAST 1A SOCIETY
Secretary: 26 Bede Terrace, Bowburn, Durkam, DH6 sDT

NORTH WEST TOURIST BOARD
119 The Plazza, Piccadilly Plaza, Piccadilly, Manchester, Mi 4AN
Tel; o6t 216 0193

NORTH-WESTERN SOCIETY FOR IA & HISTORY
Secretary: Meneyside County Museurn, William Brown Street, Liverpool, Ly 8EN

NORTHUMBRIA TOURIST BOARD

Prudential Building, r4o-150 Pilgrim Street, Newcastle-upon-Tyne, NE; 4TH
Tel: o832 28755

PEAK DISTRICT MINES HISTORICAL SOCIETY
Secretary: Riverdale Farm, Coombs Road, Bakewell, Derbyshire

PEMBROKESHIRE COUNTY MUSEUM, FRIENDS OF; [A GROUP

Secretary: The Pembrokeshie County Miseum, The Castle, Haverfordwest,
Pembrokeshire

PILGRIM TRUST

Secretary: Fielden Howse, Little Callege Street, London, SWip i5H
Tel: 01-B30 4727

POOLE (WEA) IA GROUP
Secretary: 18 Parkstone Avenue, Parkstone, Poole, Dorer, BHig LR
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PORTSMOUTH POLYTECHNIC: 1A SOCIETY
Secretary: 11t High Street, Portsmouth, PO1 aHL

PUBLIC RECORD OFFICE
Keeper of Public Records: Chancery Lane, London WCa
Tel: 1405 o741

RAILWAY & CANAL HISTORICAL SOCIETY
Secretary: 38 Sration Road, Wylde Green, Surton Coldfield

REDDITCH 1A SOCIETY
Secretary: 127 Beaumont Road, Bourneville, Birmungham

RICKMANSWORTH HISTORICAL SOCIETY
Secretary: 66 The Queens Drive, Rickmansworth, Herrs

ROCHDALE SOCIETY FOR STUDY OF HISTORY OF INDUSTRY &
TECHNOLOGY

Secretary: 208 Hatficld, Ashficld Valley, Rochdale, Lancs

ROYAL AERONAUTICAL SOCIETY
Secretary: § Hamilton Place, London, Wi

ROYAL COMMISSION ON HISTORICAL MANUSCRIPTS
Secrerary: Quality House, Quality Court, Chancery Lane, London, WCz
Tel: 01-242 2981

ROYAL COMMISSION ON HISTORICAL MONUMENTS (ENGLANDY)
Secretary: Fortress House, 23 Savile Row, London, WiX 1AB
Tel: 01-734 6010

ROYAL COMMISSION ON THE ANCIENT & HISTORICAL MONUMENTS
OF SCOTLAND

(including the Mational Manuments Record of Scotland)

3244 Melville Strcet, Edinburgh, EH3 7HF

Tel: 031-225 5p04-5

ROYAL COMMISSION ON ANCIENT & HISTORICAL MONUMENTS
(WALES)
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Secretary: Edleston House, Queens Road, Aberystwyth, Cardiganshire
Tel: copo-2246

ROYAL INSTITUTE OF BRITISH ARCHITECTS
Secretarys 6 Porthind Place, London, W

RYHOPE ENGINES TRUST
Secrorary: 3 Leomimster Road, Sunderland, SRz 9HG

SADDLEWORTH HISTORICAL SOCIETY
Secretary: 'Ceann’, Frizeland Lane, Greenifield, near Oldham

SALISBURY & SOUTH WILTSHIRE 1A SOCIETY
Secretary: 34 Countess Road, Amobury, Salisbury, Wils

SCIENCE MUSEUM LIBRARY
Eeeper: London, SWy
Tel: o1-380 6371

SCOTTISH DEVELOPMENT DEPARTMENT (HISTORIC BUILDINGS)
Argyle House, Lady Lawson Sereet, Edinburgh, EH3 9SD

SCOTTISH RECORLD OFFICE
Register House, Edinburgh
Tel: o31-450 658¢

SCOTTISH SOCIETY FOR 1A
Secretary: Teachens' Centre, Bronshull Road, Allos, Clackmannanshuee

SCOTTISH TOURIST BOARD
21 Raveliton Terrace, Edwburgh, EFls 3EU
Tel: a3t-112 2433

SHROPSHIRE MINING CLUB
Secretary: § Beech Dinive, Shifnal,.Shropshire

SMALL INDUSTRIES COUNCIL FOR RURAL AREAS OF SCOTLAND
Secrctary : 37 Walker Street, Edinburgh
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SOCIETY FOR FOLE LIFE STUDIES

Secretary: National Museum of Antiguitics of Scotland, Queen Streer, Edinburgh,
EH2 1D

Tel: o31-556 Bg2y

SOCIETY FOR MEDIEVAL ARCHAEOLOGY
Secretary: University College, Gower Swreet, London, WCIE 68T
Tel: o1-3%7 7050 Exr. 476

SOCIETY FOR NAUTICAL RESEARCH
Hon Seceetary: National Maritime Mutoum, Greenwich, London, SE1o

SOCIETY FOR POST-MEDIEVAL ARCHAEOLOGY
Secretary; Passmore Edwards Muscum, Stratford, London, Exg 4L2

SOCIETY FOR THE PROTECTION OF ANCIENT BUILDINGS
Secretary; 55 Great Onmond Stroer, London, WCIN 1]A
Tel: ar-g05 26406

SOCIETY OF ARCHIVISTS
Secretary: County Record Office, County Hall, Hertfird
Tel: 099 25 4242

SOMERSET [A SOCIETY
Chairman: Somenst Education Miseum & Art Service, Weir Lodge, Staplegrove
Road, Taunton

SOUTHAMPTON UNIVERSITY 1A GROUP
Secretary: Heathermount, Moor Hill, Wes End, Southampton

SOUTH-EAST WALES [A SOCIETY
Secretary: The Library, University College of Swarisca, SAz §PP

STAFFORDSHIRE 1A SOCIETY
Secretary: ¢ The Oval, Suiford

STANDING COMMISSION ON MUSEUMS & GALLERIES
Secretary: 2 Carlton Gardens, London, SWi
Tel o1-g30 0994



474 INDUSTRIAL ARCHABOLOCGICAL ORGANISATIONS

STANDING CONFERENCE FOR LOCAL HISTORY
26 Bedford Square, London, WCr
Tel: or-616 4066

SUNDERLAND A GROUP
Secretary: 3 Broxbourne Terrace, Sunderland

SURREY ARCHAEOLOGICAL SOCIETY
Secretary : Castle Arch, Guildford, Surrey

SUSSEX 1A SOCIETY
Secrezary: Albson House, Cobourg Place, Hastings, Sisscx

TEESSIDE 1A GROUP
Secretary: 8 Loweswater Crescent, Stockton-on-Tees, Teesside

TYNE 1A GROUP
Secretary: ¢ Regents Drive, Tynemouth

VICTORIAN SOCIETY
Secretary: 20 Exhibition Road, London, SWo
Tel: or-s8g 7203

WALES TOURIST BOARD
Welcome House, High Streer, Llandaff, Cardifi, DFg 2¥Z
Tel: o3z 67701

WATFORD & DISTRICT INDUSTRIAL HISTORY SOCIETY
Secrotary: 23 5t Lawrence Way, Bricket Wood, Hertfordshire

WEST COUNTRY TOURIST BOARD
Trinity Court, Southernhay East, Exeter, EXy 1QS
Tel: o3g2 76347

WEST LOTHIAN COUNTY HISTORY SOCIETY
Secretary: Norwood, Woodend by Winchburgh, West Lothtan

WEST WILTSHIRE INDUSTRIAL ARCHAEOLOGICAL SOCIETY
Secretary: Hope Cottage, Station Road, Holr, Trowbndge, Wileshire
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Tel: North Trowbnidge 782234

WILTSHIRE ARCHAEOLOGICAL & NAT. HIST. SOCIETY (1A COMMITTEE)
Secrerary; Wyndhams, Shrewron, Salisbury, Wiltshare

WOLVERHAMPTON POLYTECHNIC: STUDY CENTRE FOR INDUS-
TRIAL ARCHAEOLOGY & BUSINESS HISTORY OF THE WEST MIDLANDS

Secretary: The Palytechnic, Walverhampton

WOLVERTON & DISTRICT ARCHAEOLOGICAL SOCIETY
Secretary: 13 Vicarage Walk, Stoney Stafford, Waolverton, Buckinghamshire

YORKSHIRE ARCHAEOLOGICAL SOCIETY: INDUSTRIAL HISTORY
SECTION
Secretarys 307 Spen Lune, Leeds, LS16 sBD

YORKSHIKE TOURIST BOARD
312 Tadcaster Road, York, YOz 2HF

Tek: opoy 67961
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406

Arsenic, extraction of, 211-12

Ashton Mill, Somenet, 56, 66

Aspdin, Joseph, 221

Association for Industrial
Archaeology (ALA), 27

Astbury, Jahn, 227

Automation, first types of, 181
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Baker, Benjamin, 390

Barlow, W.H., 584,390, 394

Bath stone, 215

Buzalgette, Sir Joseph, 295, 296

Beawmn engines, 30,32, 75-6, 77, 92-6,
102, 109, 134, 1569, 227, 204,
296-7

Benu de Rochas, Alphonse, 119-20

Beaumaont, Huntington, 129

Bedson, George, 168

Beeston cast-iron lock, 358

Belfast (HMS), 419

Bell, Alexmnder Graham, 314

Bell, Henry, 418

Bellis & Morcom engines, 115, 306

Bellows, water-powered, 151, 153,
157

Bell-pits, 125-5, 129

Bentham, Sir Samuel, 187

Benz, Karl, 123

Bertholler, C.L., 279

Bessemer, Henry, 49, 177-8

Best iron, 166

Bickford, Willlam, 141

Bingley five-rise stalrcase lock, 352

Bings, 287

Black Country Museum, Dudley, 221

Blast fumaces, 150-63, 206

Bleaching and dyeing, 275, 279-82

Blists Hill Open Alr Museum (Salop),
34, 125, 150, 134, 1537, 140, 142,
159, 163, 169, 220, 231, 293, 418

Blunging (of clay], 224

Boston (Lincs), port of, 406

Bottger, Friedrich, 225

Bottles, 238-40

Boulton, Matthew, B8, 89, 90, 91,
2249

Boulton & Watt engines, 89-92, 107,
109, 204, 298, 299
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Boumn Mill, Cambs, 56

Bow drills, 182-3

Bramah, Joseph, 184,291, 404

Bricks, 218-20

Bridges, 528.30, 384.91, 404, 405,
406

Brindley, James, 228, 345-4, 345,
346,553, 357-8, 363

Bristol, port of, 400-1, 402, 403-4,
405, 408,410,417, 418, 419

Brown, Captain Sir Samuel, 170, 171,
337

Brunel, Sir Mare (and son Isambard),
70,171, 186-7, 188, 221, 338,
539,574, 380, 581-2, 383, 384,
387,388, 395, 403, 404, 418

BSF threads, 191

BSW threads, see Whitworth, Sir
Joseph

Buchanan, Dr R.A,, 25

Buddles {for lead concenitrares), 209,
211

Bunsen, R.W., 299

Burdon, Rowland, 334

Butt, Dr John, 27

Calcining process, 148

Canal lifts, 354-6

Canals, 48, 50-1, 142, 341-65

Carboniferous iron, 146

Carborundum, 192

Carding process, 243-4, 252, 258,
261

Cartwright, Dr Edmund, 252

Cast iron, 145-6, 148, 150, 151,
155-7, 162, 169, 170

CBA, see Council for British
Archaecology

Cecil, Rev. W, 119

Cement and concrete, 102, 116,
2204, 267

Central valve engines, 115

Ceramica, 224

Chaferies. 150, 151

Chaldron wagons, 143, 377

Champion, Willlam, 200, 201

Chance, Sir James, 241

Chillenden Mill, Kent, 56, 60

Chimney stacks, 211, 212

China clay (Kaolin), 225-7

Chinese porcelain, 224-5

Chucks, development of, 185

Civic Amenities Act, 1967, 35

Clanny, Dr W.R., 139

Clark, William Tiemey, 338

Clay, 218, 219

Clement, Joseph, 190

Click Mill, Orkney, 66

Clifton Bridge, 3589

Coach bolts, 191

Coal, 12444 254-5, 256, 237, 273,
376: ncw uses for, 51, 2%4-5

Coalpaort, 251

Codd, Hiram, 239

Cognet, Francois and Edmond,
222.3,339

Coke, 1245, 154-7, 162, 163

Comet (S8), 418

Compound engines; 111-15, 134

Concrete, see Cement and concrete

Condensers, water, 87-8, 91, 107,
209.10, 277-8, 299, 302, 307

Conway Suspension Bridge, 32, 338,
586-7

Coocke, William F., 313

Cookworthy, William, 225

Copper, 124, 194, 195.9, 200, 201,
211,212

Comish boilers, 109, 227

Comish engine, 102-3, 109, 138, 204,
294,393

Comish Engine Preservation Society,
29, 204, 205

Cort, Henry, 165, 168, 178, 336

Cotion, 243,249, 253, 259, 266,
267

Council for British ﬁtl:hl.f{]lu“
(CBA), 24-5, 26, 27

Courtauld, Samuel, 258

Cowper, E.A., 159, 161

Craigellachie, 336

Cranage, Thomas and George, 164

Crunbrook Mill, Kent, 57, 61

Crane, George, 162



INDEX 401
Cranes, 415,417 302-7
Crofton stemm engine, Wilts, 103, 107 Elsecar engines, 84-7, 137, 138
Crompton, B.E.B., 304 Enclosure policy, effect of, on

Crompton, Samuel, 50, 250, 251-2
Crossley engines, 120, 121, 123
Crown glass, 240

Crowther, Phincas, 134

Crucible steel, 1754

Crushing: (lead), 208; (tn), 205
Cubity, Lewis, 394

Cubitt, Sir William, 61, 414
Cupola furnaces, 1624

Daimler, Gottieb, 122-3

Dams, 295, 341

Darby, Abraham (1), 47, 83, 155.6,
157, 162, 178, 200, 332

Durby, Abraham (I11), 157, 333

Davy, 5ir Humphry, 159

Dee Mill eggine, Rochdale, 112-15,
118, 269

de Ferranti, 5.2., 306, 306

Deptford Power Station, 305

Derwent (locomotive), 377

Derwenteote Fumnace, Hamsterdey,
172.3

Destructors (for waste), 298

Diesel, Rudolph, 122

Dicsel engines, 79, 122

Dinorwic Slate Quarry, 29, 216

Direct-acting vertical engines, 110,
134

Docks, 400-15

Dockyards, 419, 420

Domesday Survey, 67, 124

Double-acting steam engines, 89, 181,
205

Drainage in mining works, 137-8

Drainage schemes by windmill, 65

Drycing, see Bleaching and dyeing

Dynamo engines, 115, 117,
30354

Eddystone Lighthouse, 417

Edison, Thomm Alva, 304
Electricity, use of in mines, 132
Electric light, public supply of, 291,

agricultural outpuat;, 42
Euston Arch, 30, 580, 395,412
Evans, William, 134
Explosives, use of, in mines, 141;

see also Gunpowder

Fairbaim, Sir William, 72-3, 78, 109,
266, 386

Falconer, Keith, 24

Faraday, Michael, 49, 5038

Field, Joshua, 187

Finch Foundry, Devon, 32, 78,
169-70

Fineries, 150.1

Fire baskets, 140

Fire brigades and engines, 314-15

Firedamp, 158-9

Five-sail windmills ' 61

Flax, 270

Flint, 124, 228

Flint mills, 32, 228

Flues, peculiarity of, for lead-
smelting, 209-12

Flying shuttle, introduction of, 246,
247, 252

Foresi of Dean, 125, 130, 132, 147,
490

Forth Bridge, 390-1

Fourstroke cycle, the first, 11921,
122

Fowler, John, 390,391

Galena, 206, 209

Gas, public supply of, 291, 298-302
Gas engines, 119, 120

Gas turbines, 79, 116

Generatars, fee Dynamos

Georgian Group, 27

Gibraltar Mill, Essex, 59

Gilchrist, Percy, 177,178
Gladstone Poltery, 281

Glasgow, port of, 401, 405, 406,410
Glass, 25141

Glasson Dock, Lanes, 403
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Glazing, 224

Golbome, John, 401

Gold, 213

Goodyear, Charles, 288

Gott, Benjumin, 48

Gough, W.V.. 408

Grangemouth, port of, 401

Granite, 215, 225

Grasshopper engines, 111

Graving docks, 4013

Great Britain (85), 171, 188, 418-19

Great Exhibiton, 1851, 22, 237

Great Western (P5), 418

Grimes Graves, Norfolk, 174

Grimsby, port of, 405-6

Grinders, 192

Grooved rolls, 165

Guillotine (lock) gate, 550

Gunpowder: in mines, 141;
manufacture of, 283-5; powered
engines, 118

Hall, Joseph, 165

Hammers, forging, 151, 166, 188

Harbours, ree Diocks

Hargreaves, James, 50, 248-9

Hartey, Jesse, 410, 414

Harwich, port of, 415

Hawkeshury engines, 83, 157

Hawking, John, 172

Hawkshaw, Sir John, 338

Haystack boilers, 109

Headings to coal mines, 126

Heathcote, John, 255

Heckingion Mill, Lincs, 61

Hennebique, Francals, 222.3, 539

Henry, William, 299

Hewes, Thomas Cheek, 75

High Ham Mill, Somerset, 57

Historical Metallurgy Society, 145

Histonic Commercial Vehicle Club
un, 125

HolMfman, Friedrich, 219

Holwon Mill, Suffolk, 56

Horizonwl engines, 110, 175, 269,
872

Homblower, Jonathan, 111

Horrocks, Willlam, 252

Horse gins, 54, 180, 132, 187, 211
Hosiery, 254

Hull, porvof, 401, 404, 405, 410
Huntsman, Benjumin, 173
Huygens, Christigan, 80, 118
Hydraulics, 184, 404-6
Hydro-clectricity, 302-3
Hydrogen, as a fuel, 119

Industrial archaeology: definition
of, 15-17; growth of, 17-27;
conservation, 28.36
fndustrial Archaeology (joumal), 27
Industrial monuments, grading of, 35
Industrial Monuments Survey (1IM5),
24
Intemal combustion engines, 118-23
Inverted vertical engine, 110-11
Iren, 124, 145-79
Iron Bridge, Coalbrookdale, 530.5
Ironbridge Gorge Museum (Salop),
334,157,220, 231, 287, 354
Iron rallways, development of, 20;
see wlro Rallwaya

Jersey wheels, 245 248
Jessop, Willlam, 403

Jones, Horace, 406

Jurassic iron ore, 146, 147, 585

Kaolin, see China clay

Kay, John, 247

Kilns, 219, 221.2, 224,228, 229
Knitting industry, 254-3

Lace industry, 255

Lady Isshella waterwheel, Isle of
Man, 74-5, 77

Lancushire boilers, 109

Lancaster, port of, 402-3, 406

Lathes, 182-3, 1845, 190, 217

Lawson, Robert, 402

Lead, 124, 187, 206-13, 283

Lead giass, 235

Lead shot, 212;sex also Shot towers

Leats, 76,77
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Leblanc, Nicholas, and his process,
275,276, 277

Lee, Edmund, 62

Lee, Rev William, 254

Lemington Glassworks,
Northumberland, 237

Lenoir, Edenne, 119, 120

Lever, William Hesketh, 278

Lighthouses, 417

Limited Linbilities Acts, 43

Linen, 245

Lister, Samucl C., 272

Liverpool, port of, 401, 402, 403,
405, 406, 410, 412-14

Lives of the Enginéers (Smiles), 46

Local muthonties and conservation,
52

Locks, 541-3, 345, 347-55, 400,405

Locomotives, preservation of, 23;
see alve Railways; Steam
locomaotives

Lombe, Sir Thomas, 257, 258, 260

London, port of, 400, 405, 408, 410

Longwall method of mining, 129

Looms, 246, 252.3

Lucas, Samuel, 172

Luddites, 253

Lune Aqueduct, Lancs, 358

Mucadam, John Loudon, 319, 320,
321,322, 326

Machinery in mines, development of,
141

Muchine tools, 181-2, 185, 186, 187,
192,193

Manchester, port of, 410

Manchester Ship Canal, 544, 364,
365, SR8, 406

Manningham Mill, ¥ orks, 272

Mansel, Sir Robert, 257

Mupping of carly sites, 21

Marine turbines, 117

Mass production, beginmings of, 193

Maudslay, Henry, 21, 110, 184-6,
187, 190

Measuring equipment, 190

Mechanism of windmills, 60-5

+93

Meikle, Andrew, 60, 329

Melingriffith water pump, Wales,
205-4

Menai Bridge, 337.8, 385, 386, 387

Metcalf, Jobn, 319, 320

Metropolitan Water Boand, 2935, 294

Micrometers, 190, 193

Milestones, 324-5

Mill engines, 112, 14

Milling, craft of, 53

Milling machines, 191-2

Millstones, 635

Mines, draining-engines for, 47

Mordants (for dyeing), 279-80

Morse, Samuel F.B., 3135

Muck bar rolling, 166

Mule, invention of, 50, 250-2

Murdock, William, 295.9

Murray, Matthew, 404

Museum of Science and Engineering,
Newcastle, 23

Mushet, Robert and David, 172, 177

Mylne, Robert, 3289

Nasmyth, James, 21, 110, 166,
187.8, 192

National Maritime Museum,
Greenwich, 28,111

National Motor Museum, Beaulieu,
123

Nutional Record of Industrial
Monmments (NRIM), 25, 26

Neilson, James, 159, 178

Newcastle, port of, 404, 406

Newcomen, Thomas, 23,80, 81, 83,
LT

Newcomen engimes, 47, 84-6, 153,
156, 180, 204

Newcomen Society, (25, 27, 85

New River Company, 292-3

Newton, William, 260

Norse mills, 66

North of England Open Alr Museum,
Beamish, 33, 110, 184, 141, 143,
8T

North Wales Quarrying Museam, ser
Dinorwic Slate Quarry
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Nuclear power, 302-3

Oil, 288-90

Oito, Dr N.AL, 120

Ohtto & Langen Company, 120
Outram, Benjamin, 358, 368, 369
Dutwood Mill, Surrey, 60

Paddington to Bristol, a rail joumey
from, described, 381-2

Paper, 285.7

Papin, Denis, BO, 81

Paruffin a3 a fucl, 121

Parallel motion system, 91

Parker, C.W., 185

Parsons, C.A., 116-17, $06; 307

Farys Mountain Mine, Anglesey,
198-9

Paul, Lewis, 247

Perkim, W.H., 281.2

Pickard, James, 90

Pig iron, 150, 155, 163, 164-6

Pilkington Glass Museum. Lancs,
238, 241

Pillir-and-stall miming method,
127.9, 215

Pitstone Mill, Bucks, 56

Plate glass, 257

Plateways, 20, 142, 367, 368

Poncelet, J.V., 70

Pont Cysyllte Aqueduct, 361-2

Ponton, Archibald, 308

Population statistics, 39-42, 29]

Porcelain, 225,227

Post mills, 53, 54-5, 59

Pottery, 224-31

Pricstman cngines, 121

Pritchard, Thomas Famaolls, 352

Pritchett, J.P., 395

Producer-gas as u fucl, 121

Production tools, 182 ser also
Machine tools

Puddiing fumaces, 162-3, 165-6,
169, 178

Puffmg Billy, 28,372

Pulley-blocks, 187

Pulsometer stcam pump, 81

Purbeck marble, 215

Duarrying, see Stone
Queen's Ware (Wedgwood), 228

Railway Preservation Socicties, 398-9

Railways: initial impacy of, 50:1;
pre-steam, 368, 371; system,
growth of, 37297 se¢ alro lron
railways, development of:
Plateways

Ramsden, Jesse, 184

Raittle chain, 136

Rebecca Riots, 522

Reciprocating engines, 115-18, 294,
506

Redbrook (railway) Bridge, 370

Reinforcing, 225-4, 559

Rennie, John, 70, 329, 530, 334,
3536, 357, 358, 369, 401, 414

Reverberatory fumacces, 164-5, 172,
195, 206, 235

Rio Tinto Mines, 197

Roberts, Richard, 185, 187, 190

Rackes, The, 23,572.3

Rocbuck, John, 283

Rogers, Samuel, 165

Rolling (of iron), 166, 168-9

Ropes: for winding, 155-6: for
driving power, 269

Rosedale (glass) Fumuace, 2354

R.u;a:ry power by steam, 91, 94, 102,

60

Rotherhithe Dock, 408

Rubber, 287-8

Rvan, James, 129

Safety lamps, see Davy, Sir Humphry

5t Katharine Dock, Landon, 409

Salisbury Dock, Liverpoal, 414

Salt, 274-5

Saln, Titus, 272

Saltash (railway) Bridge, 588

Savery engines, 81, 83, 204

Saxony wheels, 245

Schweppe, Jacob, 259

Science Muscum, Kensington,
London, 22,28, 89,92, 109, 110,



115, 117, 119, 123, 185, 187,
23k, 307,372

Scoopwheels, 93, 100, 101

Serewcutting, 1835.5

Screwthreads, standardisation of,
190-1 :

Screw-topped jars, 239

Severn (railway) Bridge, 590

Sevemn (railway) Tunnel, 5935

Sewers, 295.6, 297,298

Shalt sinking in mines, 129-30

Shaper (Nasmyth's), 188

Shear steel, 172

Shefficld Lock, Berks, 347

Shepherd Wheel, Shefficld, 29, 78

Shingling, 166

Shot towers, 50, 212:.15

Sicmens, Sir Willinm, 177, 503

Signposts, 325

Silk, 256-61

Slag analyms, 20, 145

Slate, 216, 217

Smeaton, John, 71,85, 132, 157,
292, 350, 332, 401

Smith, Adam, 50

Smock mills, 57

Snallbeach Mine, Sulop, 209

Soap, 2768

Socicty of Mines Royal, 196, 197,
198

Soda, 278,275,276,278,279, 253

‘Solid’ fuel engines, 122

Spencer, Chdstopher, 185

Spinning, 242, 243, 244-5, 247.52,
256, 257

Spinning Jenny, 50, 245-9

Staithes, 148

Staunches, 342, 543, 347

Steam engines: later ones, 79-118,
246, 266; new uses [or, 51,70,
717.78. 79, 182, 134, 137, 180

Stenm locomotves, 366, 969, 370

Sll.‘lmﬂturhim. 79, 116-17,
11

Steel, 145-79; first processes in,
172.7

Stent, R.A,, 595

INDEX
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Stephenson, George md Robert,
130,139, 171, 572,373-4, 385,
5686, 387, 392

Stone, 214-15

Stutt, Jedediah, 264, 412

Submarine archacology, 420

Sulphuric acid, 206, 278, 279, 282.3

Surveying, 21

Suspension bridges, 336-8, 388

Suspension wheels, 75-¢4

Swan, Sir Joseph Wilson, 304, 307

Swindon Railway Works, 583, 584

Swing bridges, 405, 406, 414

Table engines, 110, 186, 872

Tay (railway) Bridge, 390

Technology, carly development in,

467

Telegraph system, 515-14

Telephone system, 514

Telford, Thomas, 319, 320-1, 322,
5235, 528, 329, 330, 335, 334, 336,
337, 338, 546, 353, 356, 359, 360,
361, 362, 364,409

Tennant, Charles, 279, 25835, 289

Termini (of rmilways), 394-5

Textiles: processes, 242-56; first
factories, 256.9; development.
260-72

Thomas, Sidney Gilchrist, 177, 178

Thampson, Francis, 395

Three-high mills in iron rolling, 168,
169

Tide mills, 75

Tile making, 219.20

Tile Tax, 218

Tin, 124, 137, 194, 195, 2025

Tollhouses, 3234

Top Forge, Yorks, 32, 169

Torricelll, Evangelista, 80

Tower Bridge, London, 406, 409

Tower mills, 56-7, 62

Town gas as a fuel, 121;50¢ alre
Gas, public supply of

Train, George Francis, 308

Tramways, 291, 508-15

Transporter bridges, 33940
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Transport systema in mining, 142

Trevithick, Richard, 102, 109, 110,
150, 204, 205,372

Tring (rallway) Curting, 379

Triple expansion engines, 112, 294

Trolleybuses, 311

Tu!;;:an and tub-boat canals, 345,

Tull, Jethro, 43

Tunnels: (canal), 346, 356-7;
(rallway), 391-3

Turbines, soe Gas turbine; Steam
turbine : Marine turhine

Turbo-alternatory, 117

Tumpike system, 21, 517-19, 320,
321,.322.5, 928

Twmrer lathes, 185

Unified Screw Thread, 191

Ventilation in mi works, 137,
158, 140 "y

Veteran Car Club run (London to
Brightim), 123

Vimducts, 578, 851, 382, 385, 4849,
591

Victorian Society, 27

Victory (HMS), 419

Vitruvian mills, 67

Volk, Magnus, 310

Yon Guericke, Otto, 80

Waddle fans, 140-1

Walles, Rex, 24

Warren, Captain James, 389

Wuste disposal, 2958

Water balunces, 152

Water frames, 249, 252

Water mills, oses for, 66-7

Water power, 66.78; first application
of, 53,251

Water-powered bellows, 148, 151,
153, 157

Watcs supply, piped, 292-5

Waterwhieels, 53, 54, 70-1, 74, 78,
132, 151,175, 197, 203, 204,
205, 208, 217, 226, 2;&;2!&. Emy

€,

INDEX

456, 257, 260, 264, 279, 284,
287, 34

Watt, James (and his company), 23,
47,64, B4, 86-94, 132, 167, 180,
181, 204, 294, 295

Weaving, 50, 242, 245, 244, 2458,
252.5,257 269

Webb (copper) process, 196

Weggwaod.jm:iah. 214, 225, 228.9,

31

Weighing machines, 325

Wet docks, 400-1, 403, 408, 410

Wheal Martyn, Comwall, 226-7

Wheatley Mill, Oxon, 57

Wheatstone, Charles, 315

Whim-gins, 130.2

Whimey, Eli, 192

Whitworth, Sir Joseph, 187, 18841

Wicken Fen Mill, Cambs, 65

Wilkes, Sir Joseph, 218

Wilkinson, lsasc, 157

Wilkinson, John, B8.9, 157, 162,
180-1, 333, 418

Willans, Peter William. 113, 306

Williama, Sir E. Leader, %44, 354

Willinghuwm Smock Mill, Cambs, 67

Windiasses, 130, 137

Wind power, 53-66

Wind pumps, 65-6

Wittering Mill, Sussex, 57

Wolfe-Barry, {Sir) John, 406

Wool, 242, 2434 249, 253, 265

Woell, Arthur, 111-12

Workers' Educational Associarion,
24, 26

Wamnsfold (lock) Gates, Surrey, 350

Woniley Mine, Lanes, 138

Warthingion Simpson engines, 294

Wrought iron, 145, 145, 150, 153,
155, 162, 164-5, 169, 170, 171,
172,175

Wyatt, John, 247, 525

Wyart, Matthew Diighy, 381

Yale, Linus {Jr), 195
York Railway Museum, 23

Zinc, 194, 199.202
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