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ABSTRACT

This thesis analyses the process of technological change
in the British brickmaking industry during the nineteenth century
by examining the development of two separate but interrelated
innovations. The first, brickmaking machinery, provided a
mechanized substitute for the predominant hand methods of brick
manufacture. The second, hollow bricks, was a machine-made product
innovation generated by and dependent upon the widespread adoption
of brickmaking machinery. Influenced by social constructivist
theories of technological change, the thesis argues that both
innovations were shaped by a set of key social relations which
together conmprised a technological system or network
Specifically, it shows how groups within the building industry
participated in the creation of new brickmaking processes and
products. The study begins with an evaluation of the traditional
brickmaking industry and 1identifies various problems that
generated the search for new technology. It goes on to consider
how the attitudes and interests of the architectural profession
stimulated inventive activity. Several early mechanized
brickmaking processes are described and compared with emphasis on
the way particular soclal groups were able to influence choices
between competing paths of technical development and direct these
innovations 1into specific forms. The study then examines the
sources of demand for brickmaking machinery after mid-century and
shows how characteristics of the market influenced the rate and
direction of machine development. It also explains how the
expectations and needs of consumer groups determined particular
characteristics of machine design. Finally, the prominant role of
architects in defining the form and use of machine-made hollow
clay constructive units is discussed. The objective of the study
is to demonstrate that during the nineteenth century technological
changes were situated 1in and had a continuous reciprocal

relationship with the process of architectural production.
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CHAPTER ONE

INTRODUCTION

British architecture during the nineteenth century was the
product of rapid and extensive social, economic, 1intellectual and
technological changes. Many historians have studied the evolution
of architectural theories and styles during the century. Recently
other authors have explored changing social and economic conditions
that influenced the design of nineteenth century buildings. Much
less has been written about the technological component of
architecture, particularly the relationship between the development
of new technology and the creation of architectural products
Existing studies of nineteenth century bullding technology usually
attempt to show how new materials and techniques altered or modified
architectural development. This thesis proposes to explore more
deeply the relationship between technology and architecture by
analysing the process of technological change. It will examine two
technical 1nnovations which were potentially significant to
building in Britain during the period. Specifically, 1t will
consider how various groups involved in the design and construction
of buildings during the nineteenth century participated in the
development of new technology. The objective of the study is to
demonstrate that technological changes had a more complex and
continual interaction with architectural production than previous

historical accounts have indicated.

1. 1.
Architecture and Technology: An Historiography

Scholars from various academic disciplines have
investigated and written about the history of architectural
techneclogy; these have included architectural historians, industrial
archaeologists, engineering historians and historians of
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technology. The resulting 1literature, while not particularly
plentiful, 1is characterized by a diversity of motives, viewpoints,
methods and conclusions reflecting the research traditions of each
of these groups. Although these historical accounts have produced
significant amounts of wuseful data about historic building
materials and techniques, many have been limited by an uncritical
acceptance of certain basic assumptions about the nature and
behaviour of the technological component of architecture. Most
authors considered technology and its relationship to architecture
as unproblematic, that 1is, the functioning of technological
phenomena was assumed to be familiar and universally understood.
Technical development in architecture was traditionally treated as
if it transpired independently from architectural development and
essentially hidden from view. While some authors devoted
substantial efforts to +tracing and recording the progressive
sequence of particular technological events, they only occasionally
attempted to question the origin or evaluate the consequences of
these events for the broader history of architecture. This approach
has added 1ittle to our present knowledge of the complex interaction
of ‘technology and technological change with the process of
architectural production.

Until very recently, 1little attempt was made within any
academic discipline to understand the fundamental meaning and
character of technology or to reveal the structure of technological
change. Before any meaningful contribution can be made to the
subject of architectural technology, 1t will be necessary to
establish a working definition of the term "technology” and examine
some of its essential characteristics. The purpose of this chapter
is to identify and assess the meanings of technology and models of
technological change that have been employed in previous discussions
about the history of building technology and to construct a more
useful conceptual framework with which to approach the study of
technological change and nineteenth century architecture.

The 1literature about the history of building technology
generally is divided sharply between accounts of pre- and post-

industrial technology. The earliest scholars to study technical
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aspects of the history of architecture focused on pre-industrial
handicraft technology. The primary emphasis of these authors was on
material remains and the accurate collecting and classifying of
information and samples. Technology was defined essentially as
"artefacts" or "techniques". For example, during the nineteenth
century a strong romantic and antiquarian interest in historic and
foreign architectural styles and in "artistic” building materials
resulted in the publication of detailed studies of ancient and
medieval architectural remains and in the accumulation of vast
collections of building stones, terracottas, ironwork, and other
architectural sculptures and embelishments.

Around the turn of the twentieth century, vernacular revival
and arts and crafts architects and scholars shifted the emphasis to
simple local materials and traditionally crafted domestic buildings.
But the methods of research and the focus on collecting and
classifying remained the same, New historical studies emerged that
meticulously traced the development in Britain of regional building
types (Addy 1898; Hughes and North 1908), while other authors
investigated a variety of regional craft traditions <(Innocent 1908;
Lloyd 1925; Briggs 1925). At the same time the systematic recording
of structures began when the first volume of the Victoria History
of the Counties of England was published in 1899 and the Royal
Commission on Historical Monuments in England was established in
1908. Published studies from these sources provided architects with
not only aesthetic inspiration, but also the basis for a structural
idealism founded on craftsmanship and tradition.

The motivation for historical research of this type
intensified when vernacular architecture was introduced as a course
of study 1in the School of Architecture at the University of
Manchester in the 1950's. A new generation of scholars with an
appreciation for vernacular structures and traditional building
techniques published new accounts of specific materials such as
timber framing (Cordingley 1961; Mason 1964; Hewett 1969) and
bricks (Brunskill and Clifton-Taylor 1977; Wight 1972), as well as
wider-ranging historical studies of the general development of

building materials <(Davey 1961; Clifton-Taylor 1972; Jenkins 1965
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Salzman 1952). To these were added exhaustive surveys of vernacular
buildings both at the national and regional level, many of which
contained wuseful descriptions of the development of regional
building techniques (Barley 1961; Briggs 1953; Brunskill 1974; Smith
1975; Penoyre 1978; Wood 1965; Wood-Jones 1963).

These studies shared a common methodology based on careful
investigation of the material remains of buildings and accurate
recording of evidence. They established analogies with known
techniques and surmised the purpose for artefacts and the means for
making them. While many early works contained dimplied wvalue
judgements about the superiority of hand-crafted buildings, recent
publications such as those by the Royal Commission on Historic
Monuments of England, are reasonably objective and go further in
attempting to relate traditional objects or techniques to the wider
social or economic climate. Valuable for their thorough
descriptions, measurements and photographic catalogues, studies by
vernacular historians provide a starting point for comparing later
innovations and changes in building methods.

Industrial archaeology, established as an academic
discipline in Britain in the early-1960's, widened the scope for the
study of architectural technology to include industrial artefacts
and scientifically derived techniques, termed "industrial monuments”
by its founders (Hudson 1963). According to one source, industrial
archaeology was "best thought of as the field study of technologiéal
change" (Bracegirdle 1973, p.1)>. Its practitioners continued the
methodology adopted by historians of pre-industrial building
technology, that 1is, +they collected and classified surviving
artefacts and measured, photographed, and described industrial
objects and sites (See, for example, Hay and Stell 1986).
Publications, however, frequently slipped into nostalgia in order to
glorify what was called the "functional tradition" of eighteenth
and nineteenth century architecture. These included buildings for
industry such as factories, railway structures, gas works, and
industrially derived materials like iron and glass (Richards 1958).°
Unfortunately, many of these studies were @generally non-
interpretive. They did not explore important questions such as why
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or how these objects or sites came about, Placing industrial
objects in a wider context was undertaken only to "help make work in
the field all the more meaningful” (Bracegirdle 1873, p.5). Yet,
despite their artefactual and preservationist tendencies, the work
of industrial archaeologists has been vitally important for other
disciplines. The recording and preserving of technical data and
industrial objects provides other historians with valuable first-
hand research material, and allows them to study technology at close
range,

Engineering historians went somewhat further in attempting
to answer questions about the origin of new building materials or
construction methods. Until very recently there were generally two
types of engineering histories, those written by biographers that
dealt with the lives of engineers and those written by technologists
concerned with purely structural development. Both +types of
histories attempted to explain new technology by emphasizing the
role of science. According to many of these authors, technological
development in architecture was synonymous with scientific
development, or as one author wrote, it was "the gradual penetration
of the abstract scientific way of thinking into the field of
building construction” (Straub 1952, p.xvi).

Many engineering historians continued the tradition of the
nineteenth century romantic bilographers such as Samuel Smiles who

wrote Lives of the Engineers (1861). Others focused on major

scientific "breakthroughs" and the careers and achievements of a
handful of great engineers. In both cases the engineer was seen as
the heroilc theoretician applying scientific priniciples to
revolutionize building construction. These accounts tended to
amplify the significance of the engineers' contribution to
architectural development. They appeared often to be an effort to
Justify the emergence of the engineering profession and to define
its separate role in relation to the architectural professional. In
writing about this division, Heather Martienssen observed: "Not only
does he 1lay claim <(through his spokesman, the engineering
'historian') to the best and most important buildings of antiquity,
but implies with equal imperterbability that their designers were
-5 -



his own forebears...This 'thinking back’ found in some modern books
on engineering is not truly the history of engineering at all, but 1
scramble after ancestors for the portrait gallery of an 'arriviste'
society” (Martienssen 1976, p.41 and 46). Looking back for the most
spectacular displays of technological virtuosity only distorts our
understanding of  technical progress in nineteenth century
architecture.

Other engineering histories examined in minute detail the
purely technical aspects of structural development. Many of the

contributions to The Journal of the Newcomen Society have fallen

into this category. Each new material or construction technique
was treated as an isolated phenomena related only to prior and
subsequent inventions along a sequential path of development. This
approach upheld the view that technological development is self-

perpetuating. Rowland Mainstone, writing in Developments in

Structural Form in 1975, stated that his purpose was "to consider
the development of new forms as a continuing process from the
structural point of view! with an emphasis on "structures and
elements that have marked significant steps forward in widening the
range of possible future choices"” (Mainstone 1975, p.23). Many
studies of this type also tended to look back in history to
establish an easily understood 1line of development leading to the

present day. For example, in An Historical Outline of Architectural

Science, H. J. Cowan wrote that his intention was to deal "only with
those aspects of science and engineering which have influenced
current architectural design” (Cowan 1966, p.vi). These works are
valuable for the important information about names, dates and patent
numbers which they have provided, but they do not 1look beyond
scientific theories or the empirical activities of a small group of
men to account for the origins and evolution of most 19th century
building innovations.*®

Traditionally, architectural historians who dealt at all
with the subject of technologzy were fascinated by the historical
development of "new" materials such as iron, steel, concrete and
glass. The intention of many of these historians was to isolate the
earliest, largest, and most novel examples of the use of these
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materials. Historians were concerned primarily with how the
discovery of new materials resulted in new styles of architecture
thanks to the "far-sighted” architects or "daring" engineers who
used them. Like many engineering histories, the nineteenth century
was ransacked for construction methods that anticipated significant
twentieth century architectural forms. Nineteenth century building
technology was analysed from the point of view of twentieth century
knowledge and interests. This approach often resulted in value
judgements about the failure of nineteenth century architects to
recognize the structural potential of new materials. Sigfried
Gledion stated: "In the nineteenth century...construction was
particularly important for the architectural knowledge which lay
hidden in it. The new potentialities of the period are shown much
more clearly in its engineering constructions than in its strictly
architectural works. For a hundred years architecture lay smothered
in a dead, eclectic atmosphere in spite of its continual attempts at
escape. All that while, construction played the part of
architecture's subconscious, contained things which 1t prophesied
and half revealed long before they could become realities" (Giedion
1954, p.24). Studies of this genre tended to select past events to
create an acceptable progressivistic explanation for the development
of modern architectural styles.

Recent histories of nineteenth century architecture have
continued the interest 1in stylistic development, but made greater
efforts to broaden understanding by considering social influences
and patronage in the emergence of new building types and
architectural styles. For example, Anthony D. King, in his volume

entitled Buildings and Society, asked: "What can we understand about

a soclety by examining its buildings and physical environment? What
can we understand about buildings and environment by examining the
society in which it exists?" (King 1980, p. 1), After decades of
scorn by modernist propagandists, new historical works frequently
argued for the validity of nineteenth century historicism and
stylistic eclecticism by showing their social and cultural
significance.

But for the most part, architectural historians have
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remained uncomnfortable with technical aspects of the structures
they studied and have accepted implicit assumptions about the nature
of building technology. Usually it was seen as an external
phenomenon progressing separately from architectural development.
Dixon and Muthesius wrote that "Victorian designers were able to use
new buillding materials made svailable by the Industrial Revolution,
and in so doing they created some of the most original and spatially
exciting buildings of the period" (Dixon and Muthesius 1978, p. 94,
my emphasis). Technology also was understood to be dependent upon
science and manifested in the work of engineers rather than
architects: "The story of iron was largely a technical one, whose
characters were engineers or embryonic scientists, telling of a
gradual revolution in building method" <(Jones 1985, p.80). As a
result of these attitudes, even recent architectural histories
continue to focus on the biggest, most familiar or first examples of
technical innovations. In many ways they have offered some of the
most uncritical accounts and simplistic conclusions about nineteenth
century architectural technology.

Occasionally authors from other disciplines contributed
works which commented on particular aspects of architectural
technology. Some of these added a new dimension to the problem of
technological change and nineteenth <century architecture. A

significant example was Marian Bowley's Innovations in Building

Materials (1960). Bowley attempted to identify the economic factors
that influenced innovations in building technology, and to establish
broad conclusions about the industrial structures and economic
conditions that were most conducive to technical innovation.® As an
early contribution to the study of the process of technological
change, this book was particularly valuable for the diversity of
economic forces it examined. Despite the fact that Bowley's
discussion rarely went beyond the issues of supply and demand or
general market conditions, her study added a new dimension to the
problem of technological change in nineteenth century building. But
its usefulness was limited by the author’s narrow selection of case
studies, avolding those without good statistical sources, and the
complexity of both her system of classification and her conclusions.
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C.G. Powell also briefly addressed the problem of technological
change in his book, An_ Economic History of the British Building

Industry (1980). In considering nineteenth century building
technology, these works perpetuated the idea that nineteenth century
architects were disinterested or incapable of dealing with technical

progress. Both Bowley and Powell attempted to explain this in terms

of "lack of interest", "lack of training" (Bowley 1966, p.27), or
"preoccupation with style", "high cost" and "technical conservatism"
(Powell 1980, p.24). While their conclusions may partially be

correct, the whole question of the adoption of new technology by
nineteenth century architects has remained generally unexplored.

Although the study of the history of architectural
technology has drawn from a variety of sources, there are some
similarities in the existing literature. Most authors demonstrate a
fundamental disparity in their approach to the subject. While all
accept the importance of technical change in nineteenth century
architecture and building, they usually avoid the difficulty of a
direct consideration of the precise relationship between technology
and architectural production or of the process of technological
change in the context of architectural development. This has led
many authors to accept some popularly held beliefs and to rely on
oversimplified concepts or models about the nature of technology and
technological change. These beliefs not only determined what was
examined in each study, but also reinforced some general biases
within each discipline.

Some common assumptions and generalizations emerge from a
review of the above works. They can be summarized as follows.
First, technology is accepted as a passive and autonomous factor in
relation to architecture. New technology 1s seen as an exogenous
factor ~~ "things" that are created elsewhere and made available by
industry for architectural designers to use. Advances in technology
are also believed to 1lie outside the realm of architectural
development, dependent instead upon scientific development. This is
based on the idea that technology is the practical application of
previously discovered scientific principles and theories, or what is
commonly referred to as "applied science". While technology is
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believed to be the final form of scientific discovery, then the new
discovery or invention 1is the most significant aspect 1in any
discussion of technical change in architecture.

Second, most of the literature treats the emergence of new
materials and techniques as unproblematic, believing they come about
as a result of "key" discoveries made by scientific leaders or
heroic inventors. The sources of new inventions are seldom
quest ioned. The primary focus 1s on the major scientific
"breakthroughs" and the achievements of a handful of great men. The
emergence of new technology is either seen to be essentially
inexplicable, based on revelation, intuition or acts of insight that
cannot really be analysed, or 1t is ascribed to empiricism and the
genius and persistance of the "scientifically" trained inventor
Much of the history of architectural technology is written around
important dates, key inventions, and the associated familiar names
of great inventors such as Bessemer, Aspdin, Failrbairn, Brunel,
Paxton, etc. Alternatively, it 1s written around the buildings
which represent the first or most famous uses of particular new
technologies -- the Crystal Palace, St. Pancras railway shed, Bage's
mill, etc. It focuses primarily on the innovations that have proven
durable, "successful" or particularly useful to twentieth century
designers.

The emphasis on major achievements and great individuals has
perpetuated a third generalization that stresses the revolutionary
nature of technological change 1in architecture. This reflects
traditional thinking about the Industrial Revolution which has been
called "one of the great discontinuities of history" (Hartwell 1971,
p.42) or "a great upheaval" (Flinn 19686, p.1-5). Authors who accept
this idea accentuate significant breaks with the past. Much of the
resulting literature emphasizes the most radical types of new
building technology and the most decisive changes from traditional
building practice. It ignores small changes and judges holdovers of
traditional techniques as outdated or conservative.

Finally, many of the traditional histories of architectural
technology present a linear-sequential explanation for the process
of technological change. They assume technical changes occur in a
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logical cause and effect sequence and that all the events in the
process can be ordered and arranged in a linear pattern from one
stage of development to another. This reinforces the preoccupation
with discovering "first uses” or prior inventions and the focus on
great events. Arnold Pacey believes, "our habitual style of writing
and analysis, whether in sociology, economics or technology, 1is
itself basically linear. Its aim is usually to understand in depth
rather than to broaden awareness. It is a style based on following
logical connections, pursuing meticulous detail and measuring
whatever can be measured. Unless it is skilfully used, the very
literary form of such discussion can itself trap one into a narrow.
linear view" (Pacey 1983, p.34). Since the choice of historical
events examined 1s arbitrary when adopting a 1linear-sequential
model, it can lead to inaccurate and incomplete analyses as well as
premature Judgments. According to Edwin Layton, "linearization is a
way of simplifying data in order to manipulate it statistically"
(Layton 1977, ©p.205). The events chosen are often those which
reinforce the biases or satisfy the motives of the author, whichever
discipline he is from.

Another danger of 1linearization 1s the tendency to view
technical progress as inevitable. Technical advance appears to be
governed by an inescapable inner logic or technological imperative
This, according to Eugene Ferguson, suggests that "the whole history
of technological development had followed an orderly or rational
path, as though today's world was the precise goal toward which all
decisions, made since the beginning of history, were consciously
directed" (Ferguson 1974, p.19). "Discovery-push"” models belileve
each new 1invention or technical solution creates a necessary
progressive response. This leads to the conviction that the
ultimate use (or the one we know from hindsight) a new technology
acquired is the one 1t was compelled to acquire from the "laws"
governing 1ts development. Emphasis is then placed on a search for
something inherent within the technology itself, or the "true" and
“correct" form of the technology.

It is evident from a review of the existing literature that
the prevalent beliefs contained in many works are a form of
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technological determinism. This approach may have provided adequate
explanations for the concerns and motivations of authors at the

time, but it allows too many incomplete analyses, one-sided views

and hasty judgements. There appears to be a need for a
reinterpretation of many aspects of building technology,
particularly in the nineteenth century. A re-evaluation 1s needed

based on a clearly articulated conceptual framework that will allow
us to define more precisely the relationship between technology and
architecture and to understand how technology changes. Scholars
from various disciplines, loosely incorporated under the title
"technology studies", have attempted in recent years to construct a
more accurate- and useful framework for the study of technology and
technological change. A more integrative approach to the subject
has been proposed. The remainder of this chapter will describe the
basic characteristics of this approach and suggect how it may be
used to enhance our understanding of the complex interaction of
technology and technical development with the process of

architectural production in the nineteenth century.

1.2,
An Alternative Approach to the Study of Technological Change

Systematic attempts to formulate a meaningful theory or
model for the study of technology and technological change usually
begin with the difficult problem of definitions. The five-volume

Oxford History of Technology defined technology as "how things are

commonly made or dcne" and "what things are done or made" <(Singer,
Holmyard and Hall 1956, p.vii). Recently this definition of
technology has been expanded to include "knowledge" as an important
dimension. Edwin Layton observed, "a common synonym for technology
is 'know-how'" (Layton 1974, p.34). This expansion of the
definition has been accompanied by an extensive debate about the
sources and content of technological knowledge, focusing on
questions such as, "what is knowing in a technological context?"
(Hall 1978, p.94). The discussion also has centred upon distinctions
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between technological knowledge and scientific knowledge or "the
problem of the science-technology relationship” (Mayr 1976, p.663).
While it was commonplace 1in the nineteenth century to refer to
industrial products as being the fruits of applied science,
twentieth century historians have misplaced the emphasis of the
expression and attempted to convey the idea that technology, after a
certain point in time, owed its very existence to scientific
principles and theories. But according to recent scholars, this
presupposes that a distinction can be made between science that is
applied and science that is not, or as 1t 1is commonly called
"applied science" and "pure science”. Michael Fores pointed out
that "a pilece of scientific knowledge has not undergone any change
when it is used (or applied to use) by a technical specialist (or by
anyone else)...for ‘'unapplied science' 1is exactly the same as
'applied science'.”" He also wrote, "the purest of the 'pure' in
science turns out to be the most baesic, as well as the most
applicable and the most often used" (Fores 1982, p.181-182).

Further, to say that technology 1is merely the final
realization of some form of scientific theory assumes, according to
A. Rupert Hall, that there must be some direct suggestions
concerning the utility of their theories coming from the scientists
themselves, But attempts to demonstrate this link historically have
failed. As Hall points out, many novel ideas for doing things in a
better way formulated by scientific theorists were either
"unnecessary or impractical in the prevailing technological context”
and, conversely, many of the really useful technological advances
made during the Industrial Revolution were accomplished in complete
ignorance of scientific theories (Hall 1978, p.137). A result of
this discussion has been the recognition that the old assumption
that technology "applies” what scilence "discovers" is too simplistic
to use as a model for historical analysis.

Emerging from the vast amount of literature generated by the
debate 1s the i1dea that science and technology are both social
phenomena whose distinctions refer only "to bodies of knowledge, to
activities, to the goals and motivations behind such activities, to
forms of education, to social and professional institutions, etc.”
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(Mayr 1876, p.667).4 There were some who believed the entire
science/technology debate was counter- productive (Buchanan 1975,
p. 432). But the issue of definitions and parameters ultimately
generated a whole new conception of technology and a new programme
for technological studies concentrating on the social environment
that creates artefacts, techniques or technological knowledge rather
than merely on the products themselves. Historians of technology
Joined forces with socioclogists of science and sociologists of
technology (and to some extent economic historians) to establish the
premise that technology, like economic or political systems or even
architectural products for that matter, is an aspect of the way we
live soclally and is shaped by social factors (MacKenzie and Wajcman
1985, p.2).

Accepting this shift 1in emphasis, the relevant questions
that should now be asked are why and how particular social systems
produce a range of technological choices with particular sets of
characteristics? To answer these questions it 1s necessary to
examine the technical choices more closely, or as Layton observed:
"What 1s needed 1s an understanding of technology from the inside,
both as a body of knowledge and as a social systen. Instead,
technology is often treated as a 'black box' whose contents and
behaviour may be assumed to be common knowledge"” <(Layton 1977,
p. 198). But how do we look into this "black box" of technology
while at +the same time avold the pitfalls of technological
determinism? Various approaches have been suggested.

The process of technological change by which one artefact or
technique displaces another has been analysed by examining "stages"
along an evolutionary path to technical progress. Distinctions are
made between the moment of invention, the period of innovation or
development, the diffusion or transfer of a new technology, and its
ultimate impact upon society.® But this diachronic approach with
its emphasis on developmental phases implies sequential isolation of
events, cause and effect relationships and recognizable
discontinuities, all of which are characteristics of linearization.
It does not reflect the "complicated, branching network" of
interacting social and technical events that are often revealed when
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more perceptive in-depth historical case studies are undertaken
(Layton 1977, p.205). For instance, we may ask at what point is a
new technology really invented? Does it originate at the moment of
the first idea, when the first plan or model is produced, or at the
stage when the invention is finally patented? Sould we perhaps go
back further and date its inception to the first indication of a
technological problem waiting to be solved?

Similar questions may be asked about other stages in the
evolution. For example, once an artefact or process is recognized
as a new invention, 1is 1t immediately commercially feasible or
marketable? Diffusion is concerned with the displacement of older
technologies by superior new ones. But how are these evaluations of
superiority made? Furthermore, discussions about diffusion
frequently 1involve observations about the rate of adoption or
judgements about a lag in the adoption of particular technologies.
How can we measure the rate of diffusion? Nathan Rosenberg has
asked another important question, "how slow is slow?”: "When we
speak of diffusion as being relatively slow, we are obviously
implying some sort of dating procedure as well as expressing a
comparative or absolute judgement. It should be noted at the outset
that whether inventions are measured as diffusing rapidly or slowly
depends in large part upon the selection of date" (Rosenberg 1972,
p.67. It is apparent that the dating of dinventions and the
selection of events as part of a linear-sequential model of the
innovation process 1s both arbitrary and idiosyncratic. As one
author points out, it has been "the basis for a number of well-known
historical falacies" <(Layton 1877, p.205). Thomas Hughes reminds
us, however, that we should not eliminate entirely consideration of
phases in the analysis of technological change. Rather we must be
aware that these stages "are not simply sequential; they overlap and
backtrack"; invention, innovation and diffusion do occur throughout
the development of new technologies, "but not necessarily in that
order” (Hughes 1987, p.56).

A more illuminating and potentially valuable approach 1s one
that investigates the soclal processes involved in the development
of a new technology and recognizes that society and technology
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interact as part of a "seamless web" (Bijker, Hughes and Pinch

1987, p. 11>, This means the hard distinctions between social
political, economic, technical, scientific and other abstract
categories overlap and become obscured. Several analytical

programmes which reflect this perspective have been suggested for
structuring studies of technological change. One uses a "systems”
metaphor to describe how artefacts, institutions and their
environment work together as interlocking components to solve
critical problems in "reordering the physical world to make it more
productive of goods and services.” Innovators and their associates
are seen as system builders who must menipulate the components in
order to reach their desired goals (Hughes 1987 p.51-82). In the
"network” approach, technological form is "engineered" by a group
of heterogenous yet interrelating "actor"-elements (the same social,
economic, ©political or technical factors). Because of their
disparity, the components are seen to be adversarial in that they
are "difficult to tame or hold in place.” Heterogenous engineering
is required to weave the elements together into a self-sustaining
network. The purpose of the historian is to "discover the pattern
of forces as these are revealed in the collisions that occur between
different types of elements" (Law 13987 p.114).

Another method for structuring technological case studies is
called the "social constructivist" approach. It too asserts that
the characteristics of artefacts and processes are constructed by
individuals or groups in the social environment. Because the
relevant social groups have different ideas about the form and
meaning of new artefacts, the developmental process 1is "a multi-
directional flux that involves constant negotiation and
renegotiation among and between groups shaping the technology."
When all the groups agree that a problem is solved, "closure" or
stabilization occurs (Pinch and Bijker 13987, p.17-47). In addition
to the seamless web concept, all of these programmes share an
interest in "thick description”" or the "content" of new technologies
and their environment (Bijker, Hughes and Pinch 1987, p. 107).

A useful starting point for the study of technological
change may be to evaluate the propensity and capacity of a
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particular society to formulate technical problems and to identify
specific forces which not only facilitate technological solutions,
but also push problem solving activities in particular directions
The conditions for technical change can only be found in the
functioning of the larger soclal system, Stated simply these
include a society's predominant values, political, legal and social
institutions developed to support those values, and basic economic
incentives and capacity. Nineteenth century institutions, values
and incentive structures in Britain go back to the roots of the
Industrial Revolution. Social, economic and political historians
seeking explanations for why capitalism and modern industirial
technology first emerged in Western Europe <(and especially in
Britain), have provided a comprehensive analysis of British
society from the eighteenth century (White 1962; Perkins 1867;
Landes 1969; Musson and Robinson 1969; North 1981; Von Tunzelmann
1981; Pacey 1983; Berg 1985).% But social values, institutional
structures, and the interaction of demand and supply determinants
cannot by themselves explain the generation of particular
technologies. These emerge only when inventive activity is directed
towards the solution of a specific (usually economic) problem.
According to Nathan Rosenberg, in a free market economy (as
existed in Britain during the nineteenth century) the expectation
of profits and the incentive to reduce costs is constant. An
individual or group under competitive pressure may consider a
variety of technical improvements which will help maximize profits.
Economists have called this the factor-saving bias of technological
change (Rosenberg 19698, p.2-3; 1882, p.14). In choosing where to
apply a new process innovation or product improvement, a decision-
maker is likely to identify the problem or problems which pose the
most restrictive or immediate constraints to his profit-making, or
"bottlenecks", and iInitiate exploratory activities to solve these
often short-term problems. "There have existed a variety of devices
at different times and places which have served as powerful agents
in formulating technical problems’ and in focusing attention upon
then in a compelling way" (Rosenberg 1969, p.4, and 20). Rosenberg
called these "inducement mechanisms"” and "focusing devices”
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Shortages accompanied by sharply rising prices, industrial
conflicts, accidents, disasters, restrictive legislation, and
technical imbalances between interdependent processes are among the
agents that can forcefully demonstrate shortcomings in the existing
technology and point to the need for a superior substitute. In
recent studies Thomas Hughes has used the term "reverse salient” to
refer to the same phenomenon. Reverse salients are components in a
technological system that fall behind or are out of phase with the
others and require urgent, often inventive, attention for the
system to survive (Hughes 1983, p.13>. In any study of technical
change, an exploration of problem formulation and eventual solution
can reveal much more about the generation of a new technique or
product than merely dating an invention or identifying its inventor.

But exactly where, we may ask, do new technologies come
from? Within the framework of larger social forces, new inventions
are the result of a gradual accumulation of knowledge, small
improvements and modifications to earlier technologies. Numerous
individuals participate in this process, although the patent office
and some historians persist 1in perpetuating the myth of the
"heroic" inventor, "the one actor who happens to have been on the
stage at the critical moment” <(Rosenberg 1872, p.7; 1982, p. 49),
This 1s not to diminish the imagination or creativity involved in
the inventive process, but to point out, as MacKenzie and Wajcman
do, that this effort "lies above all 1In seeing ways 1in which
existing devices can be improved, and in extending the scope of
techniques successful in one area into new areas” (MacKenzie and
Wajcman 1985, p. 100, Various authors have demonstrated that
inventive activity is an aggregate effort. Karl Marx wrote that "a
critical history of technology would show how 1little any of the
inventions of the eighteenth century are the work of a single
individual™ <(Quoted in Rosenberg 1982, p.6). Similarly, 1n
Inventing the Ship, S.C. Gilfillan described technological change
that was "a perpetual accretion of 1ittle details,.. probably
haviﬁg neither beginning, completion nor definable limits" (Quoted
in MacKenzie and Wajcman 1985, p.10). Thus, 1n solving technical
problems the choice of technique or the precise character of a new

-18 -



product ordinarily will be linked directly to existing techniques
and products rather than being entirely new notions or dramatic
departures from the past.

Another important characteristic of new technologies is
that they are typically "crude and inefficient at the date when they
are first recognized as constituting a new invention"” <(Rosenberg
1972, p.10; Samuel 1977, p.51>. In some cases the imperfections are
such that 1t is impossible to recognize the clear superiority of new
artefacts or practices over older ones. In traditional 1language,
this initiates a developmental period during which a new invention
is transformed into an innovation (Layton 1977, p.198). According to
Thomas Hughes, "the invention changes from a relatively simple idea
that can function in an environment no more complex than can be
constituted in the mind of the inventors to a system that can
function in an environment permeated by various factors and forces”
(Hughes 1987, p.62-63). What this means is the new technology is
made commercially feasible. In reality this period overlaps with
the original process of problem solution and invention in that
critical inventive activity continues while production problems are
worked out and the innovation is altered and refined to suit the
needs of its users. It also encroaches upon the next developmental
stage, diffusion, as new products or practices are tentatively
tested in the market. During this process consumers play an
important active role. Frequently, it is only when an innovation is
employed in real-life situations that inventors or manufacturers are
able to pinpoint defects or imperfections in design and make the
necessary modifications to bring it 1in 1line with consumers'
expectations (Rosenberg 1976, p.526). In this respect we can say
that the form a new technology ultimately acquires is determined by
use.

Many studies of technological change have been preoccupied
with the process of technological diffusion. This is because it is
only through widespread adoption that the impact of new techniques
or artefacts can be felt. Economists 1like Nathan Rosenberg have
been iInterested primarily in how technical change contributes to
economic growth or "the rate at which new techniques, once invented
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have been translated 1into events of economic significance. "
Specifically, Rosenberg is concerned with identifying factors that
can account for "variations in the rates of acceptance of different
inventions" (Rosenberg 1972, p.3). Historian Ruth Schwartz Cowan, on
the other hand, believes that focusing on the diffusion of new
technologies, or what she calls the "consumption junction”, gives us
a vantage point for viewing the process of technological change
"from the inside out.”" According to Schwartz Cowan, the consumption
junction is "the place where technologies begin to reorganize social
structures" (Schwartz Cowan 1987, p.263). Both agree that the
principle focus of diffusion studies should be the decision-making
process. A great deal may be learned about the diffusion of new
technology by examining the variety of factors which influence a
user's decision whether or not to adopt an innovation.

To gain an insight into the decision-making process, three
aspects could profitably be investigated: first, the full range of
advantages and disadvantages new technologies ©present to =&
prospective user; second, the consumer's ability to estimate the
risks and uncertainties involved in adoption; and third, the variety
of alternatives that a decision-maker has available to consider. As
we have seen, the advantages of a new invention are not always
immediately apparent. When new products or techniques are first
introduced they often lack the full complement of attributes they
uvltimately acquire. Modifications and refinements must be made over
a period of time in response to use and feedback by consumers. Only
then will their superiority over existing technologies be
established. Furthermore, users may lack the skills necessary to
fully exploit complex new technologies, and a learning period may be
needed while new skills are acquired. Similarly, new inventions
may be so novel that existing complementary processes will impede
thelr successful functioning and thus discourage adoption. Often
they are able to fulfil their potential only when additional
improvements are made to the older interconnected technologies
(Rosenberg 1972, p.21). For this reason various authors have
pointed out that generally "technologies come not in the form of
separate, isolated devices but as part of a whole, as part of a
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system” (MacKenzie and Wajcman 1985, p.12; PRosenbergz 1972, p.21;
Bijker, Hughes and Pinch 1987, p.11; Law 1987, p.113).

One author has observed that "virtually all innovations
involve technological and economic risks at all stages of diffusion”
(Gold 1983, p.120). Consumers' appraisals of the potential
benefits or hazards in accepting a new technology may be influenced
by a variety of factors. For example, value judgements fostered by
particular social groups or acquired from past experiences may
disuade them from adopting-"an innovation (Gold 1983, p.113).
Conversely, persuasive evidence of the success of new technology
derived from convincing advertising or from satisfied friends or
colleagues may sway a decision. In the context of the firm, Nathan
Rosenberg has suggested that an entrepreneur's expectations
concerning the possible rate of future technical improvements may
delay his decision to adopt: "A firm may be unwilling to introduce
the new technology i1if 1t seems highly probable that further
technological improvements will shortly be forthcoming" (Rosenberg
1976, p.5%25). This creates a difficult dilemma for the manufacturer
of a product innovation. He must stabilize his product sufficiently
to persuade potential buyers, but at the same time continue to
improve it to meet consumers' expectations and to keep ahead of the
competifion (Rosenberg 1976, p.530). .

Finally, the decision-making process is made more difficult
by the fact that in most cases a prospective consumer is confronted
by a variety of competing technical options which must be
evaluated. Once a radically new product or technique appears, it is
often followed by a cluster of imitations which hope to compete
with the original. Similerly, not all new inventions will be
radical advances. Many are recognized as simply amendments or
refinements to previously known technologies. The differences
between alternative new technologies may seem insignificant 1o the
outsider, but to the decision-maker they may constitute a
bewildering choice. The technical choices available to consumers
also will include existing techniques and products as well as
innovations. The contrast between new and old technologies may
sometimes seem greater, but it has been observed that many
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innovations "appear to induce vigorous and imaginitive responses on
the part of industries for which they are providing close
substitutes.” Thus, as existing technologies continue to improve
and develop, they are better able to compete with new inventions and
the two sometimes coexist for long periods of time (Rosenberg 1872,
p. 26). Indeed, many older technologies are never entirely
displaced, but the scope for their application becomes more
specialized. Examining the full range of available technical choices
encourages us to try to ascertain what these alternatives looked
like from the perspective of the consumers and to understand which
came closest to fulfilling their expectations.

Focusing on the decision-making process 1in studies of
technologiéal change 1s valuable for three reasons. First, it
emphasizes the fact that at any given time "the technological
future 1s, i1nevitably, shrouded in uncertainty" (Rosenberg 1976,
p. 5233, The prospective adopter of a new product or process
cannot possibly know 1n advance the outcome of his choice.
Awareness of this fact enables the investigator to avoid
retrospective judgements about the behaviocur of consumers in the
past. As Bela Gold observed, there are "enormous differences
between hindsight perspectives and expectations about the unknown
future. For example, hindsight judgements tend to stress ex post
criteria instead of those which loomed largest when the decisions
were made; hindsight evaluations are also more 1likely to rationalize
whatever results were actually realised, crediting favourable
outcomes to sound decisions while blaming unfavourable outcomes on
external developments." Gold and others agree that such criticisms
launched "from the safety of hindsight perspectives", constitute
irresponsible scholarship (Gold 1983, p.109; Schwartz Cowan 1987,
p. 263).

Likewise, the ultimate success or failure of a particular
technology 1s completely irrelevant 1in a proper analysis of
technological change. Trevor Pinch and Wiebe Bijker point out that
many scholars prefer to ignore failed innovations and write only
about the successful ones, relying on "the manifest success of the
artifact as evidence that there is no further explanatory work to be
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done. "™ But they stress that "the success of an artifact is precisely
what needs to be explained" (Pinch and Bijker 1987, p.22 and 24).
An Impartial examination of the decision-making process gives equal
consideration to innovations that ultimately are proven ineffective
as to those that eventually become popular because 1t is concerned
only with the variables that influence consumers' behaviour at the
time when the choice 1is being made. At any given moment, all
inventions have the potential to succeed. As we have noted,
according to the social constructivist view of technology, success
("closure" or "stabilization") occurs when all the relevant groups
involved agree that a technical problem has been solved <(Bijker,
Hughes and Pinch 1987, p.12). Ruth Schwartz Cowan stated that the
task of the historian "is not to glorify the successes but to
understand why some artifacts succeed and others fail" (Schwartz
Cowan 1987, p.261).

Finally, this perspective makes us aware that there i1s not
only one perfect solution to a particular technical problem. The
development of a new technology necessarily i1nvolves the
contributions of a large number of 1individuals or social groups.
Specific problems are defined by the various meanings these groups
assign to artefacts or processes. In other words, the need for a new
technology only arises when members of one group or a combination
of groups decide that an old technology is no longer satisfactory.
The interests and attitudes of these groups not only define the
problem, but they also determine what constitutes an acceptable
substitute, Because both the problem and the solution are defined by
the relevant groups, there is a great deal of flexibility in the
development of an innovation. "Almost everything is negotiable" and
so there are many possible ways an innovation may be designed (Pinch
and Bijker 1987, p.26). Because of the disparity of the social
groups involved, however, they may not always agree on the precise
nature of the problem or the ideal form of the solution. Thus,
controversies or disputes inevitably arise both within and between
groups. Only when a consensus is reached or one group imposes its
favoured solutions onto other less powerful groups can a particular
alternative be seen to "succeed”. Both the "social constructivist"
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and "network" programmes stress the importance of controversies or
conflicts as a way of revealing the interpretive flexibility of new
technologies.

The remaining chapters in this thesis have been
substantially influenced by the concepts and methodologies outlined
in this section. They propose to analyse the process of
technological change by examining two separate but interrelated
innovations in brickmaking during the nineteenth century in Britain.
The first, brickmaking machinery, was a process innovation that
provided a substitute for older hand methods of brickmaking. The
second, hollow bricks, was a product innovation made possible by the
widespread adoption of new machinery. Although neither of these
were radical innovations, they both had the potential to
profoundly affect the construction and appearance of nineteenth
century buildings.

The intention of this study is to demonstrate that the
design, content and use of both inventions were shaped by a set of
key social relations. It will attempt to portray the "seamless
web" character of technological development by focusing on  the
variety of ways that basic economic conditions, social institutions,
industrial organization, aesthetic conditions and cultural  attitudes
determine technological form. Factors or elements that surface
repeatedly in the following chapters -- demand for building, the
changing structure of the building industry, the contribution of
architects —- are not to be seen as functioning separately. Rather,
they are active components or "actérs" in a developing technological
system or network.

The study begins with an evaluation of specific forces
within the brickmaking industry that pushéd problem-solving
activities 1in certain directions. It goes on to consider the
concerns of the architectural profession, a social group outside the
brickmaling i1industry, and its role in initiating technological
change. Next, two types of early mechanical brickmaking processes
are described and compared. A valuable research site for this and
later chapters was the Patent Office, not because of any inordinate
significance attached to patents in the process of invention, but

_24__



because of the "thick description” they provided. The introduction
and evolution of a third mechanized process was greatly facilitated
by several potent factors in the decades around mid-century. These
are explored in the following two chapters with a special emphasis
on the way particular social groups or institutions were able to
influence choices between competing paths of technical development
and direct innovations into quite specific forms.

The study then moves into the "consumption junction" where
competing processes are analysed with respect to their ability to
meet the expectations and demands of consumers. These chapters
consider not Jjust prospective purchasers of brickmaking machinery,
but also the architects who were influential consumers of clay
building products. They focus on attitudes and interests of the
relevant consumer groups, on disputes or controversies over
productivity and standards, and they attempt to show, where
possible, how the decisions that were made affected precise design
characteristics of the new machines. The final three chapters
constitute a separate case study of hollow bricks. The method of
analysis 1in these chapters 1s the same but there is a greater
emphasis on the influence of architectural professionals because
they were primary rather than secondary consumers of this new
building product. In addition to patent statistics, these chapters
rely heavily on nineteenth century architectural periodicals and
professional publications for detailed accounts of opinions, debates
and the results of testing,

A secondary theme that clearly emerges in this study
concerns the relationship between technological development and the
creation of architectural products. As we have seen, both
activities are consequences of the functioning of the social
environment. Clearly, it would be a mistake to describe their
relationship simply in terms of one having "effects" on the other
But many previous authors have persisted in their efforts to show
the effects of new technology on nineteenth century architecture
It 1s not the intention of this thesis to challenge or refute the
conclusions of these authors, but rather to provide a more direct
and balanced view of this relationship. Consequently, 1t will ask
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what effects did the architectural profession and the building
industry have on the development of new technology? By adopting the
approach outlined above, this thesis hopes to show that during the
nineteenth century innovations in technology were situated in and

had a continuous reciprocal relationship with the process of

architectural production.
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NOTES

1. Peter Mathias has critically <(and perhaps unfairly)
described the work of industrial archaeologists as "the Industrial
Revolution in aspic" (Mathias 1983, p.16).

2. Recent scholarly studies have taken a more socially
interpretive approach. See, for example, Weiler (1887).

3. See also Bowley's The British Building Industry: Four

Studies in Response and Resistance to Change (1966).

4, See also Layton (1977, p.209): "The divisions between
sclience and technology are not between the abstract functions of
knowing and doing. Rather they are social”, and van den Belt and
Rip (1987, p.139): "The relationship of science and technology is
not represented as a hierarchical one, with science having
'implications’ for technology and technology ’'applying' the findings
of sclence; rather, the relationship is a symmetrical one, with both
forms of activity possessing their own distinct cultural resources
although both may also, occasionally or more regularly, draw on the
cultural resources of the other.”

5. See Layton (1977, p.198) for definitions of these terms.

6. For a summary of some of these works see Rosenberg (1982,
p. 8-14).
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CHAPTER TWO

THE BRICKMAKING INDUSTRY AND MECHANIZATION

2.1,
The Traditional Brickmasking Industry

Bricks were used first 1in Britain by the Romans, but
brickmaking, as practised on the Continent, was reintroduced into
East Anglia only in the late thirteenth century and spread slowly
to other parts of the country (Wight 1972>. By the middle of the
eighteenth century bricks had become s fashionable and prevalent
building material and most English towns or parishes had at least
one brick kiln to supply its needs. Although brickmaking was
traditionally a relatively small industry, it formed an important
part of the local economy in many areas. The structure of the
industry and the methods used in it were gradually developed over a
long period of time in response to the variety of physical, social
and economic conditions encountered in different regions of the
country.

Clay suitable for brickmaking was abundant and generally
accessible In surface deposits in most locations (National Brick
Advisory Council 1850). Little capital or plant was required to
begin brickmaking operations when hand methods were used. As local
building projects created a sufficient demand for bricks, new works
often were opened to supplement the supplies available from
permanent kilns. Brickmasters frequently were employed in other
trades, such as farming or building, and entered the industry as a
part-time occupation or for a short-term investment. Some even
rented the land they worked. Once the brick earth was extracted to
a certain level or building activity slumped, many operations
closed down and the land was returned to cultivation (Dobson Part 1
1850, p.87).

A predominant feature of the traditional industry was its
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inherent seasonality. For the most part, the entire process of
brickmaking was carried on in the open air and was subject to the
uncertainties of the weather. The clay usually was dug in the
autumn or winter and left in heaps to break down the lumps and make
it more easily worked. Tempering and moulding only commenced in
March or April after the danger of winter frosts had passed. From
then until the following autumn brickmakers worked extremely long
hours, sometimes as much as thirteen hours a day, to maximize

production during the spring and summer months (British

Parliamentary Commission, hereafter BPP, Childrens’ Employment
Commission 1866, p.103).

Even during the brickmaking season, work frequently was
obstructed by inclement weather. The newly moulded "green bricks"
especially were vulnerable to damage. Before burning these usually
were stacked in open-alr hacks to dry for up to six weeks,
protected from the weather by a covering of straw matting,
tarpaulins and, later, wooden boards with louvres (Cox 1989, p.9).
Damage to hacked bricks because of severe rainfall or unexpected
frost was not uncommon. Attempts to hurry the process and burn the
bricks before they had dried sufficiently jeopardized the soundness
of the finished products. In southern works the bricks were
burned in clamps also open to the weather rather than in kilns,
thus potentially exposing the outer layers of bricks to additional
damage (Architectural Publication Society Vol. 1, p. 139; Dobson Part
2 1850, p.26). Sometimes a few flimsy and temporary buildings were
erected in the brickfields, such as rough thatched moulders' huts
or lightweight drying sheds open at the sides (Samuel 1977, p.31-
32). In Nottingham and the Midland counties drying sheds
occasionally were warmed by flues running under the floors to
provide protection against frost (Rivington 1879, p.93). In most
of the country, however, the temporary and seasonal character of
the work meant that brickfield owners had 1little incentive to
invest in buildings or expensive equipment. Natural environmental
factors were accommodated as far as possible and brickmakers
accepted a certain number of ruined bricks as an inevitable outcome

of their business.
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The difficulties and expense 1involved in transporting
bricks generally limited supplies to what could be produced
locally. Canal and river navigation was available in some areas
for the conveyance of bricks. For example, the opening of the Grand
Junction Canal and its branches enabled the transport of bricks
from new brickfields in adjacent districts to the vicinity of
London after 1794 (Cox 1989, p.11). But toll charges often were
high and it appears that 1in many places they were not used
extensively.’ Although the railways provided an ever increasing
network between various parts of the country by the mid-nineteenth
century, rail transport costs for the carriage of bricks also were
prohibitive. Dobson calculated the weight of bricks to be three
and a half tons per thousand and reported that railway charges in
1850 were "2d. per ton per mile if under forty miles and 1 ¥ d. per
mile if more than 40 miles”, an expense that "more than doubled the
value of a common brick compared with the price at the yard"
(Dobson' Part 1 1850, p.114). Alan Cox also stated that in
Bedfordshire the carriage of bricks only five miles from the kiln
added 14s. onto a price of 34s. per thousand bricks, an increase of
over forty percent (Cox 18738, p.30D). Consequently, 1t was
necessary to locate brickworks as close as possible to the source
of demand rather than bring the finished products from any great
distance.

The structure of +the traditional brickmaking dindustry
developed in response to these factors. It was made up of a large
number of relatively small works dispersed throughout the country
with concentrations around urban areas. Studies of regional
brickmaking industries show that small enterprises rather than
large-scale works were predominant until the end of the nineteenth
century. Expansion of the industry when necessary was accomplished
by an increase in the number of small works rather than a
fundamental change in the size of individuasl firms <(Bowley 1960,
p. 59-60; Samuel 1977, p.25), For example, one study of brickmaking
in the South-East Midlands reported that in 1831 an average of 5.9
brickmakers were employed by 103 brickworks. By 185! the average

number of employees had risen to only 7.8 but the number of works
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had more than doubled <(Collier 1966, p.69). Other studies have
shown a similarly small number of brickfield workers per field in
other regions. An examination of trade directories in Oxfordshire
for 1861 indicated that the 69 brickfields operating in that county
employed fewer than five labourers each (Bond, Gosling and Rhodes
1980, p.17). And a comparison of the census data for 1871 and
Ordnance Survey maps of Bedfordshire from the same period revealed
that 332 brickfield workers were employed by 65 works, or an
average of Jjust over five workers per field (Cox 1979, p.34-35).
The system adopted for the organization of work in the
traditional brickmaking industry was particularly suited to small-
scale, temporary enterprises with low capital investment. In most
areas the brickfield owner hired a brickmaster at a price per
thousand bricks to superintend the site and take full
responsibility for the output of the operations. He in turn
contracted with moulders to temper, mould and hack the bricks.
Each moulder then hired his own "gang" of subsidiary labourers and
acted as their employer. 1In some parts of the country only men and
youths were hired for these jobs, but in other places the moulder
hired family members, including women and children, to increase his
own profits. This was prevalent particularly in areas where adult
male workers were required for larger industries such as mining or
iron works (BPP Factory and Workshops Act 1876, p.690; Dobson Part
1 1850, p.90; BPP Childrens' Employment Commission 1966, p.142).

The contract system was advantageous for several reasons. It

encouraged entry 1into the industry and allowed for absentee
ownership of the works by reducing overhead expenditures and the
need for direct supervision of the workforce. Also, it was not
necessary for the proprietor to have brickmaking knowledge or
skills, and his own financial risks were minimized because they
were shared with his subcontractors. Finally, 1t allowed the
brickmaster to take on only the number of gangs actually needed to
realistically meet the current requirements of the local markets
(Littler 1982, p.126-7; Pollard 1965, p.38; Samuel 1977, p.33).

The most important characteristic of the established system
was its flexibility which enabled the industry to adapt to a wide
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range of physical and climatic conditions and to respond to
regional differences or periodic changes 1in the consumption of
bricks, In many parts of the country the traditional brickmaking
system continued wvirtually unchanged throughout the nineteenth
century and even into the early twentieth century. This raises an
important question about the appearance of mechanical brickmaking
devices in the late eighteenth and early nineteenth centuries.
What stimulated the search for alternative methods of production?
This question usually is answered by referring to the enormous

increase in the demand for bricks during these decades.

2.2.
The Introduction of Brickmaking Innovations: Problems and

Incentives

The population of England and Wales more than doubled
between 1801 and 1851. More importantly, large numbers of workers
migrated from predominantly agricultural areas to rapidly growing
urban centres 1in search of better employment opportunities.™
Concentrations of population 1in these <centres «created an
unprecedented need for new dwellings, and early nineteenth century
census records show substantial increases in the housing stock of
many cities (Powell 1980, p.10). The demand for new housing was
often tied to the prosperity of regional industries and a rise in
industrial investment. For 1instance, booms 1in the textile
industries of Lancashire and Yorkshire during the first half of the
century stimulated the building of large numbers of mills and
factories in the early 1820's, the mid-1830's, and again after
1850. These periods of building activity were followed by peaks in
residential construction as newly recruited factory workers
required housing (Lewis 1965, p.79, 89 and 221).® In areas of the
country with insufficient supplies of building stone, brick was
used increasingly to supply these urban building boomns.

Government excise revenue accounts detailing the number of

bricks charged with duty each year from 1784 until the tax was
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abolished in 1850 have been analysed in several studies to measure
both levels of building activity throughout the country and trade
activity within the brickmaking industry (Shannon 1934, p.2300-318;
Cairncross and Weber 1856, p.283-297). These statistics show not
only periodic fluctuations and regional wvariations in brick
production, but also a steady increase in the consumption of bricks
in the first half of the century. For example, the number of taxed
bricks in England and Wales rose from over 608 million in 1800 to
more than 1462 million in 1849 <(Shannon 1934, ©p.316-17).
Similarly, bricks charged with duty in Scotland showed an increase
from nearly sixteen million to over forty-one million during the
same period (Cairncross and Weber 1956, p.296-7). According to
Shannon, these figures represent a rate of increase one-third
greater than the rate of population growth. The dominant upward
trend in the demand for bricks before mid-century placed constant
if cyclical pressure on the industiry to increase production.

Changes in demand resulting from population growth are
frequently linked with the emergence of new technology designed to
expand an industry's productive capacity. However, many authors
agree that demand factors alone are not sufficient to explain why
innovations appeared at particular times, why they took quite
specific forms and why certain production processes became the
focus of intense inventive activity (Von Tunzelmann 1981, p.143-
163; Rosenberg 1969, p.1{-24; Bruland 1982, p.91-121), To answer
these questions it is necessary to isolate and examine the special
problems developing within the industry as a result of changing
demand that technical innovations were expected to solve. The
precise nature of these problems directed inventors towards
specific solutions and decisively shaped +the emerging new
technology.

Increases in the demand for bricks in the early nineteenth
century merely exposed and focused attention on several
shortcomings within the traditional brickmaking system that imposed
restraints on the ability of brickmakers in particular locations to
increase productivity. Supplies in most areas were always

uncertain due to the possibility of work stoppages or damage to the
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bricks caused by unfavourable weather conditions. The seasonal
nature of the work and high transport costs placed unavoidable
limits on the overall quantity of bricks available in a given area.
This often led to shortages and consequent price rises and
fluctuations which both consumers and brick manufacturers had
learned to expect and apparently accepted. But the wvastly
increased requirements of burgeoning wurban centres intensified
these difficulties and created other equally vexing problems. Good
quality surface clays were gradually depleted around the largest
cities. Manufacturers were forced to establish works at greater
distances from wurban building sites or to wuse inferior clay
deposits which required more time and greater care in their
preparation (The Builder 1875, p.717; Cox 1989, p.11). One author
reported that by mid-century builders in London had to purchase
bricks from works as much as one hundred miles away (Chamberlain
1856, p.491). Both of these expedients raised the brickmakers'
costs and ultimately the price of bricks in areas where they were
most in demand.

These problems were compounded and further restrictions
were Inflicted upon manufacturers when excise duties were levied on
bricks and tiles. The tax was originally imposed by William Pitt
in 1784, along with a similar duty on seabourne shipments of stone
and slate, in order to repay debts incurred by the American War for
Independence. But whereas taxes on stone and slate were eventually
repealed (in 1823 and 183! respectively), the brick duties were
continually amended and increased. From the original tax of 2s.6d.
per thousand, the amount had doubled by 1802 with 5s. 10d. charged
per thousand on ordinary bricks and 12s.10d. for polished bricks
(24 Geo. III.c.24, and 45 Geo,III.c.30.). In 1839 the Commission
on Excise Inquiry repealed the previous acts and replaced them with
new duties containing exact specifications relating to their
collection and payment (2 & 3 Vic.c.24.). The new acts placed a
duty of S5s.10d. on all bricks not exceeding 150 cubic inches and
10s. on bricks over that size. Each brick manufacturer was
required by law to register with the excise officer in his district

who then was allowed to enter the brickfield at any time to inspect
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and count the bricks while they were drying. 1In addition, the act
stated that "all bricks whilst drying shall be placed in such a
manner that the officer may readily and securely take an account of
them; penalty for placing the bricks irregularly, £50." (2 & 3
Vic.c.24. Clause viii). All bricks found to be burned before being
charged with duty also were subject to a fine of £50. While
computing the duty to be paid, ten per cent was automatically
allowed for bricks that were subsequently damaged.

An dimmediate effect of the duties was a substantial
increase 1in the price of bricks. The regulations that were
intended to facilitate the administration of the act also placed
particular hardships on the manufacturers. The precise
requirements for arranging the bricks while drying may have
assisted the excise officers in their calculations, but they also
had the effect in many cases of hindering production. During the
campaign to repeal the duties in the 1840's, one author commented:
"Even when the officers visit the works once a day, the
inconveniences and loss to the operative at work are ever
recurring. They are bound to lay their moulded clay down on
certain spaces, and on those only, from which they must not remove
the pieces until account had been taken of them for duty. Nor must
they lay more on those given spaces than the officer allows; if
full, they must stop work" (The Builder 18439, p.449). There were
attempts to evade these restrictions despite the risk of penalty.
One brickmaker described how sometimes false floors to conceal
bricks were made in the drying sheds, but they were discovered
frequently by a surprise visit by the excise official who then
ordered the brickfield owner to forfeit the fine (Wescombe 1893,
p- 3.

The imposition of the excise duties may suggest a reason
for the sudden appearance of brickmaking innovations at the end of
the eighteenth century. The growth in the demand for bricks was a
gradual and cyclical process that occurred over many decades and
slowly exposed inherent weaknesses 1in the operation of the
traditional ©brickmaking system that prevented expansion and

regulation of the industry's output in many locations. But the
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imposition of the tax in 1784, as a sudden externally applied
constraint, may have forced at least some brickmakers to begin the
search for cost reducing technological solutions to many of their
problems.

Innovations were introduced subsequently 1in several
manufacturing processes before the mid-nineteenth century in an
effort to expand productivity and lower operating costs. For
example, various devices were adopted to facilitate the preparation
of inferior or difficult clays in places where easily accessible
deposits of purer clays were disappearing. It is 1likely that
reserves of good quality plastic clays and natural marls (that is,
earth containing naturally occurring amounts of 1lime> were
exhausted in the vicinity of London by the mid-eighteenth century.
In order to make the remaining available <clay suitable for
brickmaking, it was necessary to mix it with other substances to
prevent shrinking or cracking of the bricks while they were burned
(Dobson Part 1 1850, p.17; Rivington 1879, p.88-91). Pug mills were
invented on the Continent as early as the seventeenth century
(Hammond 1981, p.5) and it is probable that by the mid-eighteenth
century they were used in the London brickfields to temper clay
mixtures consisting of brick earth, ground chalk slurry and sifted
domestic refuse. 4 The mill was a wooden tub with horizontal
knives or blades attached to a revolving central shaft and
activated by a horse harnessed to an attached beam. The knives cut
and kneaded the materials as it was thrown in at the top and forced
it out at the bottom as an homogenous paste (Figure 2.1.).

Pug mills were faster and more efficlent than older methods
of tempering which required labourers to tread over the wet clay
with their feet and turn it with picks and shovels. In other
locations, stony clays containing quantities of pebbles or pieces
of ironstone, as in clays from the coal measures, had to be soaked
in wash-mills to free them from unwanted lumps before they were
usable for brickmaking. Similarly, the hard marly clays found in
the Midland districts required grinding mills with sets of cast
iron rollers to crush the chunks of chalk or 1limestone they

contained and bring them to a workable state of plasticity.
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Efficient crushing devices, called Cornish rolls, were available
after 1804 for this purpose (Noble 1853, p.746). Edward Dobson
warned in 1850: "If a small piece of limestone, no bigger than a
pea, 1s allowed to remain in the clay, it will destroy any brick
into which it finds its way" (Dobson Part 1 1850, p.22; Rivington
1879, p.89d.

Several improvements in kilns and drying sheds also were
introduced which attempted to speed up these stages of the
operation or reduce the costs involved. One inventor suggested a
system for drying bricks using waste heat from the kiln, while
another brickmaker reduced the drying time to twenty-four hours by
passing green bricks through a steam-heated tunnel on rolling trays
(Noble 1953, p.761; The Builder 1852, p.385 and 800). Bricks
traditionally were fired in a variety of kilns ranging from the
open clamps or clamp kilns 1in southern brickfields to the widely
used Scotch kilns and the regional Suffolk kilns or Newcastle kilns
(Hammond 1977, p.171-192). All of these were intermittent kilns
working on the updraught principle. The bricks were arranged with
a series of connecting spaces or flues that allowed the heat to
circulate upwards from fires lit at the bottom. Clamps took from
two to six weeks to burn thoroughly, while a fully loaded Scotch
kiln could be fired only once every three weeks (Rivington 1879,
p-96 and 99). To avoid these lengthy delays, there appeared in the
early 1840's multi-chambered kilns that rotated the heat from one
chamber to the next so that bricks were burned continuously
(British Patent No. 11, 155, 1847, Thomas Ainslie; The Builder
1846, p.585>. Although they were a major improvement over earlier
methods of firing and provided & means for significantly
increasingly the production of bricks, kilns of this type were
large, complex and required a much greater financial investment
than the owners of many small-scale works were willing or able to
make. Consequently, continuous kilns were not widely adopted until
after 1862 when the famous Hoffman kiln was imported from Austria
to this country (Hammond 1981, p.24).

The most prevalent innovations in brickmaking, according to

the patent statistics, were mechanical devices for moulding the

-37 -



clay. One author reported that a total of 131 patents for
clayworking improvements were granted in Britain by 1850 (Hobhouse
1871, p.308). Of these, approximately eighty-three were machines
for actually shaping the bricks or tiles as opposed to methods for
mixing, grinding, drying or burning (Woodcroft 1854, p.101-103;
Appendix A). Why was inventive effort concentrated on this
particular aspect of brick manufacture rather than on other
processes? The large number of patents for brickmaking wmachines
suggests that the task of moulding the bricks was considered by
many to be the most important step in the entire operation as well
as the most problematic in terms of expanding and regulating
production.

The "Brick and Tile Making Machine" patented in 1741 by
William Bailey of Taunton was the first recorded invention in
Britain for mechanically forming bricks (British Patent No. 575,
1740 Like other early machines, this was a moulding apparatus
that essentially imitated the procedures of hand moulding but at a
greater speed. Bailey's dinvention consisted of three parts —- a
separate mill for tempering the clay in advance of moulding; a
brass or 1iron mould containing five or six bricks that was filled
with clay, levelled by a large roller, and afterwards compressed by
a stamper or plunger; and a screen to sprinkle soft sand over the
empty mould and the roller to prepare them for the repeat motion of
the machine. Each part of Bailey's machine was analogous to a step
in the hand moulding process. In traditional hand brickmaking, the
thoroughly tempered clay was carried in lumps from the pugmill to
the moulders' tables where it was shaped into bricks by one of two
methods depending on the characteristics of the local clay and on
regional traditions. In “pallet-moulding” (or "sand-stock
moulding"?), sand was sprinkled first into a wooden— or brass—-lined
mould box, often divided into several sections, before the clay was
thrown in with considerable force and pressed into the corners.
The excess was scraped off the top with a "strike" and the finished
bricks were turned out onto a pallet board and wheeled away to the
drying sheds while the mould was sanded again and made ready for

use. In the less common "slop moulding”, the mould box was dipped
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in water before it received the clay. After striking, the entire
mould containing the bricks was carried to the drying floor while a
new mould was dipped in water and the process was repeated (Dobson
Part 1, p.27-30; Lloyd 1925, p.29-38).

Moulders traditionally were considered the most skilled
workers in the brickfield. Humphrey Chamberlain stated that this
was based on "the knack with which he throws or drops the soft clay
into the mould, so as to fill up every corner" <(Chamberlain 1856,
p.490). % Hand moulding undoubtedly required accuracy, speed and a
great deal of strength to keep up the necessary movements for a ten
to thirteen hour day. However, the abilities of the other
brickmaking labourers were equally crucial to the success of the
operations. The temperer, who supervised the preparation of the
clay, needed both knowledge and judgement to bring the paste to the
optimum consistency. In southern fields the job of the soiler, who
regulated the addition of ashes to the clay mixture, was thought by
some to be the most important position. According to one source
"half an inch more or less to the foot of earth will either fuse
the bricks and run them together into huge lumps called 'burrs', or
will cause them not to be burnt enough to acquire the vitrification
on the surface..." (Architectural Publication Society Vol. I,
p-138). Even the supposedly unskilled "walk-flatter” <(also known
as wall-flatter or wheeler) played an important part 1in the
moulding operations. This was the person who brought the clay in
brick-sized lumps from the pug mill to the moulding table. One
brickfield proprietor reported that this seemingly simple task
"required great practise and nicety to give such a wedge-like form
to each lump of clay as that the moulder can with one throw force

it equally into all parts of the mould"” (BPP Childrens' Employment

Commission 1866, p.103). Another brickmaster commented on the
importance of burning: "There is more skill wanted in burning
bricks than in any other part belonging to 1t" (BPP Manchester
Qutrages Inquiry 1867-68, p.238). The hand brickmaking process,
therefore, relied technically on an interdependence of skills
rather than on the inherent superiority of the moulder's abilities.

The importance of the moulder in the brickmaking operations
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was founded principally upon his socially central position as
"gang"” leader. The subcontract system established a set of
relationships based on work control and craft consciousness that
were firmly entrenched within the industry. The moulders were
engaged by the master brickmakers for a price per thousand bricks
and then they chose the other members of their work groups. Thus
they controlled access to all other jobs in the gang and the
opportunity for others to acquire brickmaking skills. With this
power they maintained the exclusiveness of their own positions and
the strict helirarchy of the jobs beneath them. This is reflected
in the distribution of wages paid to the gang members.*® For
example, in 1866 a total payment of 4s.4d. to the gang leader was
distributed as follows: 7d. together to the pug boy, the pusher
out and the barrow loader <(usually children), 4d. to the walk
flatter, 1s. each to the temperer and off-bearer (who removed the
moulded bricks from the moulding table), and 1s.5d. to the moulder
(BPP Childrens' Employment Commission 1866, p. 138 and 140).7 The

moulders also controlled the pace of the work and the number of
hours worked each day by the entire gang. One brickmaster stated:
"The hours for day workers are from 6am to f6pm, but the moulder is
paid by the thousand...so they please themselves. I have often
known them to work from 4am to 9pm at the height of summer, so long
indeed as the moulder can see to put a brick into the mould" (BPP
Childrens' Employment Commission 1866, p.137; BPP Factory and

Workshops Act 1876, p.366)

Despite 1ts many advantages to the industry, the major
drawback of the subcontract system was that the rate and quantity
of output was totally in the hands of a highly independent
workforce. By the nineteenth century, brickmaking labourers had
acquired a reputation for being a particularly wundisciplined,
undependable and unruly group of workers. Mr, W.H. Lord, reporting
to a Parliamentary Commission in 1866, stated: "In truth it 1is to
the irregular and intemperate habits of the labourers, skilled and
unskilled, that all the mischief of the brickfields is owing...Very
often the whole gang is at a standstill because one of the men, the

temperer, the off-bearer, or the moulder chooses to stay away" (BPP
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Childrens' Employment Commission 1866, p.130; Ward 1885-85, p.34).
Other evidence described how undisciplined work habits often caused

extreme fluctuations in output: "Some moulders make 50,000 a week
and more;...that is no doubt exceptional, but 40,000 a week 1s not
at all out of the way. Sometimes you see they fall to 18,000,
10,000, and 8,000; when so small a weekly number is general you may
attribute it to bad weather, but 1t is far more frequently caused
by their being off 'on the drink' or for some amusement" (BPP

Childrens' Employment Commission 1866, p.136). Such practices

seriously restricted attempts by brickfield owners to expand or
regulate production in their fields. This was most obvious in
enterprises that had 1introduced innovations to intensify other
processes such as grinding, tempering or drying. As mechanical
grinding and pugging devices produced regular quantities of
tempered clay ready for moulding and artificial drying techniques
rapidly prepared the raw bricks for burning, potential imbalances
between these operations and the moulding process were created by
the unpredictable output of the moulders and their gangs.

Attempts by brickmasters to interfere with the accustomed
work practices in order to alter aspects of the production process
frequently met with resistance. Permanent trade associations among
brickmakers were uncommon in the first half of the nineteenth
century because of the seasonal nature of the occupation. But
there were isolated informal trade clubs in some parts of the
country to which only the skilled moulders were admitted. R. W
Postgate, for example, cited an "uncertain number"” in the
outskirts of London and a dozen around Manchester (Postgate 1923,
p. 246), These developed into active but loosely organized craft
unions, in Liverpool as early as 1840 and in Manchester and Oldham
after 1846, whose principle aim was to ensure that brickmakers
maintained traditional control over the organization and conditions
of their work. These issues were the cause of increasing local
combinations by brickmakers during the 1840's and 50's as market
pressures compelled many brickmasters to 1initiate cost-cutting
changes or attempt to gain greater control over rates of output.

For example, Richard Price described the riots by Liverpool
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brickmakers in 1840 when brickmasters 1n the area tried to
introduce larger-sized moulds in the fields. The union not only
demanded the right to determine the dimensions of the moulds, but
also insisted that all moulds "must be branded with their
lodgemark® (Price 1975, p.114). A similar attempt by masters near
Altrincham to increase the size of the moulds while continuing to
pay the same wages also led to a turnout of the men and the
intimidation of one of the "offenders” by a contingent of 1local
brickmakers (The Builder 1851, p.281).

Another 1incident of labour unrest occurred in 1843 when
the Manchester Brickmakers' Operative Association was involved in
attacks on the yard of local brickmasters, Messrs. Pauling and
Henfrey, although the exact cause of this disagreement 1is
uncertain. At least one report of +this event noted the
relationship so often described during the nineteenth century
between industrial conflict and the introduction of new technology.
The Builder, in reviewing an early brickmaking machine, commented
on "a strange outbreak and conflict in Manchester among the
brickmakers" and went on to say, "many will look upon the ingenious
inventions which we now give a description and illustration of as a
fitting visitation, they will argue from the labourers' outbreak to
the brickmaking machine, as from cause to effect, and assign for
the stimulus of invention the 1mposed necessity arising out of this
rebellious conduct of the brickmakers" (The Builder 1843, p.195 and
200),

The disruptive effects of industrial struggles provided a
major inducement for the invention of many labour-saving mechanical
devices during the nineteenth century.® The most famous example,
described at length by authors such as Andrew Ure, Karl Marx and
Samuel Smiles, was Richard Roberts' self-acting mule invented in
1825 as a consequence of strikes by skilled cotton spinners in
Manchester (Bruland 1982, p.97-104). Other accounts attribute the
invention of Roberts' jacquard punching machine to a combination of
workers constructing the Conway Tubular Bridge in 1848, and the
patenting of William Fairbairn’s riveting machine in 1837 to a
strike by the boiler makers at his Manchester works (Smiles 1863,
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p.271; Fairbairn 1878, p.73). In writing his autobiography,
Fairbairn stated: "The introduction of new machinery and the self-
acting principle owed much of their efficacy and ingenuity to the
system of strikes, which compelled the employers of labour to fall
back upon their own resources and to execute, by machinery and new
inventions, work which was formerly done by hand" <(Fairbairn 1878,
p. 419-20).

Unfortunately, accounts of the events leading to the
invention of specific brickmaking machines have not been recorded
or have not survived. However, 1t is known that the intention of
many early machine inveniors was to gain independence from the
skilled brickmaking labourers. In his patent of 1741, William
Bailey claimed, "the whole work may be completed without touching
the clay with the hands or feet of the labourers, and any person
may be fully instructed in half an hour to work the engine..."
(British Patent No. 575, 1741; my emphasis). It 1s significant
that Bailey's machine, the first patented in this country, was
designed to supercede all of the Jjobs traditionally done by the
moulder and his gang. Whether impelled by the frequent lack of
discipline or an increase in labour conflicts, the expectation of
expanded production with a reduced reliance on skilled labour was
one reason often cited by inventors and promoters to encourage the
adoption of brickmasking machines. While recommending his newly
patented machine, James Hunt told a group of civil engineers that
in operating the device "all the persons employed were common
labourers; professed brickmakers were thus not required”

(Proceedings of the Institution of Civil Engineers 1843, p.150).

Another entrepreneur, Humphrey Chamberlain, also suggested: "In
brickmaking by machinery, we should employ as little labour as
possible, but should give the machine the raw materials and take
away the manufactured articles without any intermediate labour"
(Chamberlain 1856, p.495).°

This chapter has considered some of the production problems
experienced by the brickmaking industry as a result of rising
demand that stimulated the invention of mechanical brickmaking

devices 1in the late eighteenth and early nineteenth centuries.
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Once inventive activity was initiated, there were other factors
outside the industry itself that were influential in determining
the form and ultimate success of these machines. One important
factor was the response of brick consumers towards the new
technology. The following chapter will exsmine the concerns and
attitudes of the architectural profession with regards to clay
products and the impact these attitudes had on the development of

brickmaking machinery during these decades.
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NOTES

1. One study revealed that tolls on the River Nene at mid-
century ranged from 1s.5d. per ton per mile for a journey of ten
miles to 75d. per ton per mile for twelve miles (Collier 1966, p.78
and 93).

2. For example, Manchester increased in population by 40.4
per cent between 1811 and 1821 and by another 47.2 per cent in the
following decade. Liverpool similarly grew by 43.6 per cent and
Leeds by 47.2 percent during the same period (Ashworth 1960 p.9).

3. Lewis' building cycle theory explains how changes in
population, credit factors and "stochastic events", such as wars or
droughts, together created fluctuations in the rate of building
activity.

4., Ashes or cinders were mixed with brick earth in London
fields as early as the 1730's. In burning the bricks, the ashes
increased the temperature so that a molecular change or
vitrification occurred causing the finished products to be solid
and impervious to the weather. The custom of adding chalk slurry
to make an artificial malm was a later development and was said to
be the patented invention of a brickmaker near London
(Architectural Publication Society Vol. 1, p.138; Lloyd 1925, p.37).

5. See also Searle (1911, p.54) for the skill required in
hand brickmaking.

6. The price per thousand bricks paid to the moulders
fluctuated only slightly during most of the nineteenth century.
Noble (1836) reported the following amounts in London: 4s.6d. 1in
1823; 3s.9d. in 1835; and 4s. 1in 1836, According to Dobson, in
1850 the rate remained at 4s. in London while in Nottingham it rose
to 4s.4d. and in Staffordshire to 4s.6d. (Dobson Part ! 1850, p.91;
Part 2, p.44 and 92). The London fields experienced a similar rise
to 4s.4d. in 1854 (The Builder 1854, p.502). The range of payments
in Kent brickfields considerably broadened in 1865 from 4s,4d. up

to 6s.6d. 1in one location (BPP Childrens' Employment Commission
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1866, p. 138 and 140).

7. Richard Price reported that by 1873 the Manchester
brickmakers' unions had driven up wages sufficiently for the
moulders and temperers to demand 2s.4d. each per thousand bricks
and the wheelers (or walk flatters) 2s.3d. each (Price 1975, p.110-
132).

8. For a general discussion of this theme and a review of
nineteenth century literature on the topic see Rosenberg (1569,
p.12-17>, For recent studies that substantiate these claims see
Bruland (1982) and Lazonick (1979).

9. See also The Builder (1847, p.451) for similar claims
made in behalf of a machine by William Hodson.
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Figure 2.1. Horse-driven pug mill.
[From Emile Bourry, A Treatise on Ceramic Industries (1901) p.279]
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CHAPTER THREE

THE ARCHITECTURAL PROFESSION: CHANGING ATTITUDES TOWARDS BRICK

3. 1.
Architects and the Quality of Brick

Architects, as consumers of bricks, played an important
role in stimulating the development of brickmaking machinery by
their almost universal condemnation of inferior bricks and
brickwork, especially those found 1in the vicinity of London.
Beginning in the 1830's and throughout the century there were
repeated comments in the architectural press condemning the decline
in the quality of bricks and the lowering of bricklayers' skills
"The brickwork to be found in the neighbourhood of London, east,
west, north and south, 1s truly disgraceful: unworkmanlike,
unsubstantial, deceptive, dangerous", was a typical judgement (The
Builder 1847, p.597). In support of this opinion there were
frequent descriptions of walls being "blown-up" with three-quarter
inch mortar joints, unfilled cavities in each courée from improper
bonding, "small pieces being inserted where whole bricks should
have been used", insufficient cementing, and the lack of adequate
tying of the inner and outer layers of brickwork leaving some walls
out of perpendicular (The Builder 1844, p.67). Furthermore, it
was sald that “irregular masses of brick run together in the kiln,
known as ’'burrs’, are often used for cheapness sake, especially in
the lower parts of buildings, and having no solid bed, materially
lessen the strength of the walls" (The Builder 1847, p.597).

This general lowering of bricklaying skills from a very
high level of craftsmanship during the previous century did not
occur suddenly.’® Various reasons were suggested for the gradual
decline. One was the development of competitive tendering and
speculative building (The Architectural Mazazine 1838, p.414; The
Builder 1845, p.193; 1847, p.597>. These were the result of
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fundamental changes in organization that gradually were introduced
into the building industry during the second half of the eighteenth
century, Previously, building projects were under the direct
control and supervision of a landowner or his appointed architect
or surveyor. Contracts were made with master craftsmen for
different aspects of the construction and payment was made on the
basis of "measure and value", that is, by measuring the amount of
labour and materials consumed in the building and assigning each a
fixed value plus a mark-up (Thompson 1968, Chapter 4). By the end
of the eighteenth century a new system developed alongside the
traditional organization whereby a contract for a pre-agreed lump
sum was arranged with an intermediate person responsible for the
entire building project. This was sometimes a master craftsman or
builder who contracted with a developer or landowner to construct a
number of houses for the speculative market and in turn arranged
subcontracts with other masters in the various trades. Or it may
have been a master builder who competed for a "contract in gross"
to erect a large public building and maintained his own staff of
workers from all trades (Cooney 1955, p.167-76; Hobhouse 1971, p.7-
16; Powell 1980, p.29-31>.7%

The emergence of new methods of contracting profoundly
affected the traditional position of skilled craftmen in the
building process and ultimately the level of craftsmanship. Large-
scale master builders like Thomas Cubitt set up their own workshops
and hired a predominantly permanent 1labour force wunder the
supervision of a foreman for each of the trades. This undermined
the advancement incentives and craft pride inherent 1n the
traditional apprenticeship system and trade organization. Smaller
firms, headed by a master craftsman or builder, often worked to
strict contract deadlines and operated within extremely small
profit margins. These firms had every incentive to reduce their
costs by hiring less-skilled workmen and using inferior building
materials. A leading article in The Builder in 1847 admitted: "The
men themselves are scarcely to blame: they have not had fair play.
There are few apparent inducements for good work or superior skill;

rapidity or bad work are what their masters have desired, and the
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result 1s that men capable of executing good work are with
difficulty to be found” (The Bullder 1847, p.597).

Another frequently cited cause of shoddy brickwork was the
deplorable condition of the bricks themselves. Joseph Lockwood, a
contributor to The Builder, commented: "The great falling-off of
the quality of modern bricks 1s a very probable cause of the
decadence of the art of bricklaying, which has sunk from a high
degree of perfection to 1its present miserable condition.™ Poor
quality bricks frequently were attributed to the careless way they
were manufactured, "One great cause of the inferiority of bricks
is the unwarrantable haste in which they are made"”, stated Lockwood
(The Builder 1845, p.137), In attempting to speed up operations in
areas of high demand, some brickmakers were tempted to cut corners
in some processes that ultimately seriously affected the outcome of
the bricks. For example, it was reported that in many London
fields the clay was no longer left to weather over the winter
months, but was merely dug from the ground, layered with breeze
(domestic coal ashes), passed quickly through the pug mill and
taken immediately to the moulders' tables. In other cases too
nuch breeze was added to the clay which enabled the bricks to burn
more quickly in the clamps, but also increased the risk of over-
burning and distortion. Similarly, there was a temptation to add
large amounts of chalk that had not been properly ground and mixed
causing one observer to comment, "I have seen bricks as carelessly
made with respect to the use of chalk, that on dropping one of
them, it would break to pleces and exhibit the chalk in large solid
lumps" (The Builder 1845, p.136-37). Reports =such as these

convinced many architects that negligence in preparing the clay and
moulding the bricks was responsible for the "rotien, soft, and
porous things so commonly used in situations where they ought never
to have been permitted" (The Builder 1845, p.183). They also
helped reinforce the prevalent belief that the major source of
deficiencies in the brickmaking industry was the irresponsible
behaviour of the moulders and their gangs.

Poor quality bricks, however, also were the result of

natural factors such as differences in the characteristics of the
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clay used by manufacturers and accidents that occurred during the
process of burning. From the end of the eighteenth century bricks
made in the southern counties and supplied to the London market
were classified under three main types. These were malm bricks,
made from a mixture of clay and ground chalk in imitation of the
superior marl clays which contained a 1large amount of natural
carbonate of lime; washed bricks made of clay washed in a wash mill
to remove unwanted stones and with perhaps a small amount of malm
added; and common bricks made of unwashed and usually unscreened
clay with nothing added to improve its quality (Dobson Part 2 18590,
p.37; Rivington 1879, p. 105).

The method of clamp burning in southern fields produced
additional subdivisions in the types of bricks according to where
they were placed in the clamp and how they were affacted by the
fire. For example, the best and most expensive bricks, called
"cutters” or "malms", were made of well-mixed malm earth and evenly
burned. "Seconds" and "paviours" also were good quality, hard-
burnt bricks, but they were slightly uneven in colour or had small
blemishes on their surfaces. "Shippers” and "stocks" were eilther
misshapen by accidents in the fire or more blemished than the
others, but they were suitable for most ordinary work. Finally,
"grizzles® and “place" bricks were underburnt and soft and were
suitable only for inside work or garden walls, although cost-
cutting builders often used them for other purposes. Washed bricks
were categorized in corresponding qualities from "bright fronts"
through "washed stocks", "hard stocks" (which were used primarily
for pavings and footings), and the underburnt "place” bricks. The
third category included "common stock" bricks, basically sound but
with an irregular surface which was not suitable for facings,
"rough stocks" which were hard burnt but extremely uneven in shape
and colour because of the stones left in them, and the cheapest in
price, the "“common place"” bricks (Dobson Part 2 1850, p.37-38;
Rivington 1879, p.105).

When kilns were used instead of clamps, the classification
was not as extensive because the bricks were relatively equally

burned. Here the various qualities depended more on the selection
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and preparation of the clay. "Front bricks", for example, were
made of carefully selected, finely ground clay, "rubbers® were run
through a wash mill and mixed with sand, while "common bricks" were
made of clay as it came out of the ground with little preparation
other than tempering with water (Dobson Part 1 1850, p.57-58). Most
other variations came from the arrangement of the bricks in the
kiln., Those nearest the fire became vitrified and blackened, while
mottled or striped colouring was the result of the bricks resting
upon each other, thus allowing some surfaces to be only partially
exposed to the heat (Rivington 1879, p.111).

This was a considerably larger variety of bricks than had
been available up to the end of the eighteenth century.® The most
likely explanation for the growing choice of bricks was the
restrictions imposed by the excise duties (The Builder 1850, p.97).
Brickmakers generally felt that the ten per cent rebate for damaged
bricks allowed by the law was insufficient compensation for the
actual numbers of bricks destroyed or blemished after being
counted. Consequently, they attempted to sell all the bricks they
made, 1including those that were imperfect, in order to gain a
return at least equal to the tax they had paid. This flooded the
market with extremely cheap, bad quality bricks which prior to the
tax may not have been sold, but because of the increase in demand
were certain to find a buyer. Many architects believed that as long
as there was this enormous variety in the quality of bricks
available and, therefore, an equal variety in prices, then inferior
brickwork was inevitable. George Godwin, who later became the

prestigious editor of The Builder, contributed to The Architectural

Magazine in 1838: "The terms place bricks and stock bricks are
merely disguises; they are but other words for bad bricks and
better bricks; and one might reasonably suppose that no person
would knowingly use bad naterials to effect a trifling temporary
savings when better might be obtained and, therefore, that place
bricks would never be used. Unfortunately, however, the reverse is
so frequently the case" (Godwin 1838, p.413).

Godwin went on to point out another important reason for

the gradual decline in bricklaying skills and the persistent use of
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bad quality bricks. This was the fashion for rendering exterior
brick surfaces with stucco or other patent cements and plasters,
"which naturally induces the men to do their work carelessly,
knowing it will be covered, and engenders bad habits" (Godwin 1838,
p-414). According to John Summerson, 1t is difficult to determine
precisely when rendering brickwork became a commonly accepted
building practice. Frank Kelsall noted that 1lime and sand
compositions were long established vernacular materials in the
south-east of England and in Scotland. But in imitating Inigo Jones
and Palladio, the English Palladians bestowed respectability wupon
stucco for polite architecture (Kelsall 1989, p.18), As early as

1766 John Gwynne's London and Westminster Improved recommended
stucco as an appropriate remedy for the "mean appearance" of bricks
used in public buildings. Except for 1isolated examples, however,
it was not used extensively for houses in the metropolis until Nash
began his Regent's Park building programme in 1812 (Summerson 1978,
p. 129-30).

Stucco was chosen presumably because it was a cheap
imitation of the stone used in better buildings (Summerson 1978,
p.130; Cruickshank and Wyld 1975, p.192). Beginning 1in the
eighteenth century walls of a sufficient thickness were frequently
built with two layers of different quality materials. Buildings
faced on the outside with costly Bath or Portland stone often had a
backing of ordinary bricks. Similarly, brick structures were
sometimes fronted with good quality facing bricks in Flemish bond
because of its neat appearance while the inside consisted of place
bricks bonded in the stronger and more economical Old English
(Hammond 1903, p.5-6; The Builder 1844, p.67).4 Early nineteenth
century speculative builders, looking for ways to cut costs and
finding a ready supply of cheap bricks, built the entire wall of.
inferior materials and substituted stucco for the more expensive
facing products. Rather than being merely an architectural
fashion, stucco rendering became a necessary expedient to protect

poor quality brick surfaces from the action of the atmosphere.

_53_



3.2,
Professional Integrity and Brickmaking Innovations

The condemnation of inferior bricks and brickwork was
linked frequently to another more widespread debate within the
profession concerning the 1important issue of the position and
status of the architect in the increasingly diversified bullding
industry. ® For most of the eighteenth century the occupational
role of the architect was performed by two groups. At the top were
a handful of talented amateurs who, because of their scholarly
knowledge of past or foreign architectural styles, were called upon
by elite patrons to prepare plans and elevations and supervise the
construction of a =mall number of important or costly commissions.
Below these were master craftsmen whose exceptional skills and
experience qualified them to design and construct the vast majority
of other buildings erected. While building craftsmen traditionally
drew upon  architectural <conventions rooted in  vernacular
traditions, the soclally exclusive role of the top architects
depended upon their ability to provide refined and historically
accurate designs that reflected the taste and discrimination of
their cultured patrons (Kaye 1960, p.66).

In the early nineteenth century the demand for large
country houses and monumental public buildings continued %o provide
prestigious commissions for a small group of highly esteemed
architects. ® The enormous growth 1n population, however,
significantly expanded the need for other types of structures such
as working class housing, factories, and buildings for the service
sector like schools, hospitals, town halls and theatres. The
responsibility for designing and supervising the construction of
many of these new buildings was taken over incressingly by master
builders, developers or engineers. These were entirely new
occupational groups that had emerged when competitive contracting
was introduced. The designs for new buildings, even speculative
housing developments, often were prepared by persons <calling

themselves architects. However, they may have been the products of
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draughtsmen employed 1in the offices of large building or
engineering firms or the "bread and butter" work of questionably-
trained "architects" also practicing as surveyors, measurers or
builders (Saint 1983, p.60, n.21; Trowell 1982). As the demand for
architectural services increased and the range of patronage
broadened, the number of architectural practitioners likewlse grew
but with varying degrees of quality and integrity. The problem
was, as Andrew Saint put it, "the profession had expanded to meet
the demand for new types of bullding in an entirely unregulated
way, while the station which architects were to occupy within the
growing, fragmenting building industry was still obscure" (Saint
1983, p.61).

Uncertainty about the architect's professional position
also undermined his traditional influence in matters of taste and
design. Many practitioners with dubious training and abilities
responded to the demand by middle class patrons for buildings with
obvious architectural pretentions by resorting to an indiscriminate
borrowing of architectural forms with easily identifiable symbolic
assoclations. Stylistic conventions that once signalled the
superior status and good taste of upper class patrons were diffused
to all levels of architectural production. This occurred at a time
when many top architects also began to feel the constraints imposed
by years of careful study and emulation of historic architectural
styles. Some, 1like George Wightwick, believed the only creative
challenge left for architects was to recombine and refine the
formal elements of the past: "“The present age 1is an age of
selection and adaptation; and it must rest its greatness on the
perfect character of its combinations. Unable to improve upon the
splendid individualities of the past, we are left to reclassify and
re-employ them within outlines of {improved grace..." (Wightwick
1835, p. 344).

The often arbitrary and dinappropriate application of
antique architectural forms to all types and classes of buildings,
however, provided the basis for harsh criticism of the profession
in popular journals, particularly during the 1820's and 30's
(Kindler 1974, p.22-37). Many observers felt that architecture had
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sunk to a state of "servile and monotonous imitation" or self-
indulgent novelty and both, according to Roger Kindler, were "the
undesirable extremes of the spectrum of possible relationships to
the past..." (Kindler 1974, p.24). The only alternative acceptable
to the critics was "originality" that did not copy but also did not
stray too far from tradition, and this was an almost impossibly
narrow ideal. By the 1840's many architects found themselves both
socially and artistically in an awkward predicament. They were
sacially uncertain because of their precarious role in the
changing organization of the building industry and frustrated
artistically by their 1inability to find a satisfactory creative
solution to the dilemma of architectural style (Crook 1989, Chapter
.

Two separate developments, one dealing with professional
organization and the other with design, attempted to redefine the
architect's principle area of expertise and return the profession
to its former social standing. The first was the founding of
professional societlies like the Architectural Society in 1831 and
the Institute of British Architects in 1834 whose aims, stated in
an "Address of the Institute of British Architects"™ in JTuly of
that year, 1included "establishing an uniformity and respectability
of practice in the profession”" (Kaye 1960, p.80). To secure an
authoritative position for architects in relation to both the
building industry and to other professions it was necessary to
develop a recognized body of architectural knowledge and to
establish a strict code of ethics that were clearly distinct from
the skills and commercial practices of the other building trades.
From the beginning the Institute excluded all other building
practitioners including surveyors and master builders. It also
adopted rules of conduct that disqualified members for "measuring
and valuing works on behalf of builders,...receiving any pecuniary
consideration or emolument from tradesmen,...and having an interest
or participation in any trade or contract connected with building"
(Prospectus for the formation of a society to be called the

Institution of British Architects 1834, in Kaye 1974, p.77).

Assisted by the architectural press, recently established
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to disseminate information throughout the profession, Institute
architects used these exceptional standards to differentiate
themselves from ordinary building tradesmen and to emphasize their
superior position within the building industry. They were
particularly eager to dissociate themselves from the questionable
methods used by many developers and speculative builders who they
believed were responsible for perpetuating the use of inferior
building materials and bad building practices which often led to
the collapse of structures and loss of life. A leading article in
The Builder declared: "As bad bricks can be obtained for less than
good bricks, so long as houses built of the former will sell as
readily as if the better had been used, especially 1if bedizened
with a 1little compo...builders for the market will continue in
thelr present course.” The article went on to suggest: "If in all
cases an architect or other competent person were called in
previously to the purchase to examine the house...those who have
practiced the "cutting" system would find it necessary to mend
their ways and build better" (The Builder 1851, p.749). The
condemnation of poor quality bricks and brickwork was thus often
used as part of an ethical argument by architects to define and
enhance their own professional standing.

Moral objectives also were behind the architects' concern
about the miserable working conditions found in many brickfields
which often were linked with the inferiority of +the bricks
produced. One author commented: "Brute 1labour and the brute
intellect which too frequently accompanies it, 1s not to be coveted
as an element In the social constitution of this extraordinary
country. Frequently have our hearts bled to see the degrading
labour to which the brickfield has subjected our species, and most
revolting of all to see women put to the drudgery of horses and
engines; little children too, who in a country like this should be
at school, disguised past recognition in the mixed sweat and
plasterings of clay and mud which encumbered their attenuated
frames..." (The Builder 1843, p.193). Revelations of abuses in the
textile and mining industries reported by the Childrens' Employment

Commissions during the 1830's and 40's exerted a great deal of
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influence on public opinion (Saville 1973). Some architects,
striving for middle class and professional respectability, joined
in the chorus of horror and moral outrage at the existence of such
conditions. Although the brickfields were not investigated until
the 1860's, most of the profession would have agreed with Richard
Prosser when he wrote about the brickmasking industry din 1850:
"Improvements in the quality and conveniences of this manufacture
are intimately connected with the moral, intellectual and physical
conditions of society" (Dobson Part 1 1850, p.113).

Middle class social consciousness had not‘yet extended to
the approval of state intervention but 1instead 1looked to
philanthropy and economic self-interest to solve society's

problems, Writing in The Architectural Magazine in 1838, George

Godwin encouraged members of the profession to take resbonsibility
for the materials they used and become more knowledgable about the
manufacture of bricks by wvisiting the local brickyards (Godwin
1838, p.414). Some architects did play an active role in efforts
to repeal the excise duties in the 1840's and many others were
strongly in favour of dts removel and anticipated remarkable
changes in the quality of bricks once the law was amended (The
Builder 1846, p.71; 1850, p.97>. But there is little evidence that
others became directly. involved with attempts to improve
brickmaking methods. Most architects, not personally familiar with
the problems faced by the brickmaking industry, were easily
convinced by inventors and promo@ers of brickmaking machines that
the adoption of machinery would achieve the desired results.

From the mid-1830's the newly organized architectural
profession and the architectural press enthusiastically supported
the development of brickmaking machines, An article 1in The
Builder, describing a recently patented model in 1843, stated: "We
really consider the discovery of this excellent principle to be of
the utmost dimportance to the building world" (The Builder 1843,
p- 195). There were some who argued that the introduction of
machinery would restore dignity and integrity to the manufacture of
bricks and, consequently, raise the quality of the finished

products. According to one observer, "the 1labour of hand
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brickmaking was of the most servile kind...anything that would
supplant that kind of labour and allow a man to turn his attention
to more enobling objects was deserving of the highest
consideration" <(Chamberlain 1856, p.495). Machine promoters who
were anxious to gain the support of the architectural profession
also highlighted claims that machine-made bricks were better than

hand-made bricks. The Mechanics Magazine stated that bricks made

by White's machine had "more solidity than bricks formed by hand"
(1841, p.370>, while James Hunt reported to the Institution of
Civil Engineers (whose membership at that time also included many
architects) that the primary objective of his recently patented
machine was "to produce stronger and better-shaped bricks of more

uniform quality than those made by hand moulding” (Proceedings of

the Institution of Civil Engineers 1843, p.150). In the absence of

experience to prove otherwise, many architects were willing to
accept these assertions and encourage the adoption of brickmaking
machinery 1like the editor of The Builder who wrote in 1852: "We
scarcely anticipate that bricks will be made more cheaply by
machine than by hand, but we may have them better for the same

cost" (The Builder 1852, p.385, my emphasis).

3. 3.
Architectural Reforms and Attitudes Towards Brick

Quality and integrity in the manufacture and use of
building materials was a major concern of another group of
architects who attempted to restore dignity and prominance to the
profession by reforming the basic principles of architectural
design. Dissatisfaction with a system of design that was
preoccupied primarily with applied decoration and the imitation of
past architectural styles led some to suggest that architectural
form should be more closely related to contemporary needs and

structural expression (The Architectural Magazine 1835, p.382).

A.W.N. Pugin was undoubtedly the most famous and influential
proponent of this new approach.” Derived from his thorough study
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of English medieval buildings, Pugin's writings were based on the
conviction that all architecture was a reflection of the moral and
spiritual condition of the society to which it belonged. A devout
Roman Catholic convert, he hoped not only to reform architecture
but also eventually to bring about a religious revitalization of
soclety by introducing Gothic principles of design into current
architectural practice. Moving beyond the mere superficial
application of medieval decorative elements, Pugin addressed
fundamental constructive issues and suggested new theories based on
the concepts of honesty and propriety in design. These principles
had a profound impact on attitudes towards brick construction and
ultimately on improvements in the manufacture of bricks.

In True Principles of Pointed or Christian Architecture,

published in 1841, Pugin wrote: "Designs should be adapted to the
material in which they are executed" (Pugin 1841, p.1). This meant
that the special properties and aesthetic qualities of each
building material should be revealed in the construction of a
building. This theme was developed further by the Cambridge Camden
Society (later the Ecclesiological Society), a Protestant reform
group with a special interest d1in church architecture. The
Soclety's publications protested against all forms of architectural
deception or sham, including imitations of one material by another
such as cement masquerading as stone or attempts to conceal poor
quality materials by the use of white-wash or stucco.® The

following edict appeared in The Ecclesiologist in 1842: "Now we

never objected to Parker's or any other cement on the score of
durability...We protested, and must still protest, against it on
much higher grounds; namely, that the offering to God materials
which profess to be better than they are, and would fain to be
taken for that which they are not, involves a kind of hypocrisy
from which we cannot but shrink” (The Ecclesiologist 1842, p.209).

Equally important to the early proponents of Gothic design
principles was the belief in propriety or suitability in the use of

materials. Again in True Principle Pugin wrote: "The external and

internal appearance of an edifice should be illustrative of, and in

accordance with, the purpose for which it is destined" (Pugin 1841,
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p. 50J. Propriety in architecture was expressed by a variety of
methods 1in accordance with traditional social or ecclesiastical
hierarchies. Scale, symbolic ornament, and even the choice of
materials had a meaning or 1level of significance within the
hierarchy. For example, stone was usually considered the most
beautiful and, hence, the most respected building material. The
majority of architects probably agreed with George Gilbert Scott
when he wrote: "In buildings of the most dignified class, I cannot
help strongly holding that wrought stone is the only proper
material™ (Scott 1858 p, 94). Brick, on the other hand, was
believed to be a humble material, traditionally best suited "for
the general purposes of constructing walls"” (Nicholson's New

Practical Bujlder 1823, p.105), but not acceptable for buildings of

architectural importance. In a directive to church builders,
published in 1841, the Cambridge Camden Society went so far as to
say: "Brick...should never be used: white certainly is worse than
red, and red than black, but to settle the precedency in such
miserable materials is worse than useless” <(Cambridge Camden
Soclety 1841, p.9).

The strictures opposed to brick were in part a reaction
against the "Commissioners' Churches"”, built during the decade
after the Church Building Act of 1818, Many of these were
constructed for the sake of economy with pale London stock bricks
(Summerson 1978, p.212-232>. Pugin described them in Contrasts as
a "meagre, miserable display of architectural skill..." (Pugin
1836, p.49. Similarly, most Gothic revival architects detested
London’s flat rows of Georgian brick houses which they considered
dull and monotonous. Again Scott wrote: "It is quite clear that
there is 1little inherent beauty in brick per se. If we doubt this,
one glance at a London street will bring conviction" (Scott 1858,
p.-98). Yet despite these prejudices, the full implications of the
principles of honesty and propriety in construction could not be
avoided for long with regards to brick,

Pugin first set the example by employing brick for building
projects that were restricted by limited funding such as his church
of St. Wilfreds, Hulme, and St. Chad's Cathedral, Birmingham, both
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designed in 1839. His own house, St. Marie's Grange, built in
1835, was also of this material as were several of his Catholic
convents and other secular works (Stanton 1971, p.160-163), Brick
was chosen by two other architects approved by the Ecclesiological
Soclety in 1847 for large churches in the colonies, R.C. Carpenter
for Colombo Cathedral and Willism Butterfield for the Cathedral at

Adelaide. The Ecclesiologist, reversing 1ts earlier edict,

cautiously concurred that "brick is by no means a proscribed
material for church building" (1847, p.146). Two years later the
influential art c¢ritic, John Ruskin, added his authoritative

approval to the use of brick. In The Seven Lamps of Architecture,

although maintaining his preference for stone construction, Ruskin
nevertheless conceded: "In flat countries, far from any quarry of
stone, cast brick may be 1legitimately, and most successfully
used.,." (Ruskin 1865, p.45). These statements mark the beginning
of a decided change in attitude towards brick and its acceptance as
a material worthy of serious consideration for the Dbest
architectural productions.

Gothic revival architects were faced next with the problem

of how best to treat brick. As always, The Ecclesiologist offered

guidance: "Brick should be treated on a 1large scale; the
architecture should be designed in bold and broad masses" (1847,
p. 146), Both Pugin and the Ecclesiological architects greatly
admired the boldness and textural variety of irregular stone
surfaces as opposed to the smooth, square-cut courses of ashlar.
The major difficulty with brickwork was 1its uniformity and its
multiplication of regular lines which to these architects made it
seem particularly lifeless. One way to minimize this regularity
was to eliminate all other straight 1lines on the brick surface,
such as string courses and quoins, and emphasize the strength of
the building's mass and contour. Ruskin also believed that
magnitude and "one bounding line from base to coping", dramatic and
unbroken, conferred "power and majesty" on a brick building (Ruskin
1865, p.61-2>, But many agreed with the Ecclesiologists that
"large masses of unrelieved bricks are most insipid and ugly" (The

Ecclesiologist 1847, p. 147).
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The problem was how to vary expanses of plain brick walling
without interrupting the simple massive outlines of the building.
One solution was to throw the facade into planes on different
levels in order to create strong contrasts of 1light and shade.
This was accomplished with the use of broad protruding chimneys and
substantial buttresses or by separating and informally clustering
the masses under sharply angled roofs. Both of these expedients
were part of the formula adopted by Pugin for many of his early
brick bulldings 1like the church of St. Augustine's, Kenilworth,
built in 1841 <(Stanton 1971, p.162). According to Ruskin, "after
size and weight, the Power of architecture may be said to depend on
the quantity (whether measured in space or intenseness) of 1its
shadows" (Ruskin 1865, p.69). A second salternative visually
interrupted the flat brick surfaces with bands or patterns of vivid
contrasting colours and shallow moulded or incised decoration.
This was a method also recommended by Ruskin who admired the flat
geometrical patterns on the medieval palaces and churches of
Northern Italy. William Butterfield's remarkable design in 1849
for All Saint's Margaret Street, London, a richly decorated red
brick structure, banded and diapered with darker, vitrified brick,
boldly demonstrated the possibilites of this treatment.®

This church also 1llustrated the Gothic revivalists'
preference for red bricks rather than the grey- or cream-coloured
bricks that were the common material used in London for ordinary
buildings since the middlie of the eighteenth century. Pale bricks
had been popular partly for aesthetic reasons. One building manual
stated Iin 1823: "The grey stockbricks, made in the neighbourhood of
London, harmonize much better with the colour both of stone and
paint, and by persons of refined judgement are much preferred”

(Nicholson's New Practical Builder 1823 p. 106).7'° It is equally

likely that the taste for pale bricks was acquired out of necessity
as the exhaustion of nearby clay deposits resulted in the opening
of new brickfields in Kent along the Medway Valley where the brick
earth naturally burned to these colours (Lloyd 1925, p.58). The
renewed interest in red bricks in the early nineteenth century was

part of a growing appreciation for architectural colour, or
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"constructional polychromy", that developed alongside the other
Gothic revival principles of structural expression.

Inspiration for the use of red brick was provided by
numerous antiquarian scholarly studlies of various decorative
architectural styles that were published during this period. These
ranged from descriptions of the red brick buildings in Northern
Germany and the finely moulded and carved brick details in
sixteenth and seventeenth century English brick houses to
illustrations of ornamental Arab architecture and the polychromatic
medieval churches of the Mediterranean. In 1855 George E. Street
published an account of his travels on the Continent in which he
admiringly described the vivid Gothic brickwork in North Italy and
i1llustrated the most effective ways to create contrasts of colour
in brick bulldings. In arguing for constructional polychromy, he
said: "Our buildings are, iIin nine cases out of ten, cold,
colourless, insipid academical studies, and our people have no
conception of the necessity of obtaining rich colour, and no
sufficient love for it when successfully obtained. The task and
duty of architects at the present 1s mainly that of awakening and
then satisfying this feeling; and one of the best and most ready
vehicles for doing this exists, no doubt, in the rich-coloured
brick so easily manufactured in this country, which, if properly
used, may become so effective and admirable a material" (Street
1874, p. 400).

There were those who recognized that this bold Gothic
treatment of red brick required both skillful handling and good
quality materials. Scott observed that brickwork "depends for good
looks...more than most materials do, on the skill with which it is
used, and in the absence of such skill its colour is too strong and
obtrusive to permit it to be harmless, but, on the contrary,
renders it - like all other strong colours inartistically applied -
offensive, while the very same cause makes its value the greater
when used aright”" (Scott 1858, p.99). Street also commented that
"there 1s no sort of work which so much requires skillful handling
or which 1s so liable to degenerate into vulgarity" (Street 1874,
p- 399). Similarly, The Builder cautioned that the widespread
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introduction of machine-made moulded bricks would bring with 1t
"ornaments fearfully misplaced” by 1less able or 1inexperienced
practitioners (The Builder 1850, p.391). The greater difficulty,
however, in terms of the future development of Gothic revival brick
architecture was the fact that good quality coloured bricks (both
red and black) were not available in all parts of the country.

The decision to employ red bricks in London was a
particularl