
Introduction

Engineering is deeply implicated in the subject of this 
monograph—it is intimately connected to industrial-
ization and the transformation of the physical land-

scape as well as to the social and economic relations that 
come with them. Both the places and modes of production 
are inextricably linked. For the purpose of this paper, it is al-
so important to distinguish between the “architect” and “en-
gineer” as each represents and indeed requires a different 
facet of human personality. The best engineers today, in my 
opinion, are those who regularly re-shape their methods and 
approaches to respond to the agendas and obsessions of a 
particular architect, to the increasing variety of building ty-
pologies, and to constantly-shifting client-types, all without 
compromising their own technical integrity or imposing their 
own technical obsessions.

A few preliminary statements should be made at the out-
set regarding the assumptions that this paper makes and the 
positions it takes. This paper makes sweeping generalizations 
to provoke discussion; it is based on European and Western 
developments that have shaped the discipline of structural 
engineering over the relatively short period since it came in-
to being in the late 18th century; and it is mostly viewed from 
the position of practice. It also argues that “engineering,” of 
which structural and civil engineering is an important com-
ponent, could have something to offer in terms of helping us 

address the socio-economic inequities and other challenges 
that have accompanied the process of industrialization, as 
identified in the introductory chapter by Mohammed al-
Asad. This is only possible, however, if it can engage in a pro-
cess of redirecting its aims and methods.

Some observations
Opportunities do exist for engineering to further orientate it-
self and to offer its skills in beneficial ways. This paper out-
lines some possible paths for this to happen, driven partly by 
technology, especially Information Technologies (IT) and 
smart materials, and partly by recognizing human needs in 
specific contexts, which vary according to factors such as cli-
mate or a given state of economic development. However, 
these paths are mostly driven by encouraging a renewed and 
closer collaboration, recognition, and partnering between 
those who commission the work (private / public-sector pa-
trons), those who design it (architects and engineers), and 
those who make it (contractors and construction workers).

Engineering emerged in the West in the late-18th / early-
19th centuries precisely to mediate between pure science and 
human need. Engineering today needs to rediscover this role 
even though it now emerges from a very different back-
ground in comparison to 200 years ago. Both the discipline’s 
possibilities and responsibilities have changed enormously 
since then.

Places of production: An engineer’s perspective
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As professional divisions hardened in the 19th century, ar-
chitects became responsible for image, and engineers for 
form and function (at least for large projects). The inherent 
unity of craft-based building production was broken, but the 
division between architect and engineer provided a far more 
significant division of labor than that between “hand-based” 
and “brain-based” work, which John Ruskin and William 
Morris, as well as others connected to the Arts and Crafts 
movement abhorred so intensely. It was a division between 
two types of brain-based work: imaginative and analytical. 
An example of this is the 1868 St. Pancras Railway Station in 
London. Its train shed, the largest single-span structure of its 
time, is the work of the engineer William Henry Barlow (fig. 
1a). This shed, however, was concealed by the Victorian 
Gothic Midland Grand Hotel (currently St. Pancras Cham-
bers), designed by the architect George Gilbert Scott (fig. 1b).

But even in the 19th century, this dichotomy was never 
complete. Witness the combining of the expansive ware-
house along with columns paying homage to Classical de-
tails—even if made of cast iron, thus giving an architectural 
sensibility to the visual expressions created by engineers.

Attempts during the early-20th century to reconcile this 
division between architecture and engineering include Peter 
Behrens’ AEG turbine factory in Berlin and Albert Kahn’s work 
for the Ford Motor Company in Dearborn, Michigan (figs. 2a 
& 2b). Both architects tried to create a new visual language 
that expresses and articulates the production process and the 
technology inside their buildings.

In some cases, engineering creates its own imagery with-
out the interventions of architects, as with the 1967 Ostanki-
no Tower in Moscow, designed by the structural engineer 
Nikolai Nikitin, and, before that, the 1932 Sydney Harbor 

Bridge, designed by Dorman Long and Co.—although it was 
visually greatly enhanced with the construction of Jorn Ut-
zon’s Opera House alongside it (begun 1959 and completed 
in 1973)—forming one of a series of episodes in the evolution 
of a tense relationship between architecture and engineer-
ing. Although the 1937 Golden Gate Bridge in San Francisco 
was designed by a team of structural engineers led by Joseph 
Strauss, it did include input from the architect Irving Morrow, 
who was responsible for designing elements including the 
bridge towers, streetlights, railings, and walkways (fig. 3).

In most cases, however, when there is no relationship be-
tween the engineer and architect, the results are most disap-
pointing. One just needs to look at any British Rail bridge or 
motorway flyover from after the Second World War. In these, 
engineering dominates; but there is little aesthetic quality or 
consideration.

Fast forward
Let us leap forward to our own day and look at what engi-
neering can offer in a world where ever-advancing technolo-
gy exists in parallel with increasingly-divergent levels of de-
velopment, where modern communications raise awareness 

Fig. 1a: London, St. Pancras Station, William Henry Barlow, 1868; train 
shed.

Fig. 1b: St. Pancras Station Midland Grand Hotel, George Gilbert Scott, 
1868.
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of these discrepancies without suggesting solutions, and 
where ideology, technology, and economics merge to address 
issues such as sustainability.

What are the key areas where engineers can impact the 
architecture of industrial buildings? To begin answering this 
question, let us consider a few issues. The bulk of industrial 
buildings throughout the world are dominated by the single-
story / long-span typology. Some of the design issues relating 
to structure for such typologies include massing, structural 
form, expression, and materiality. Transformations affecting 
the concept of places of production also are taking place, 
particularly the emergence of new building types used to 
‘produce knowledge,’ as with research laboratories, universi-
ties, and design facilities. A good example is the Queen Mary 
University School of Medicine and Dentistry by AMEC Alsop 
Design, which incorporates an open-plan research laborato-
ry, creating an interactive space for researchers and academ-
ics from seven departments (figs. 4a & 4b).

Engineering: Its potentials and its limitations
If we are to simplify the discussion about the potentials 
and limitations of engineering, a good starting point would 
be to agree that both the post and beam—the ancient stat-
ic structural principle, and the buttress and vault—the me-
dieval dynamic structural principle, are being superseded 
in our time by the elastic principle of continuity, which is 
dictated by forms from nature (fig. 5a). This has particular-

Fig. 2a: Dearborn, Michigan, Ford Motor Company Engineering Shops, Albert Kahn, 1917-1928; the external articulation of windows provides an example 
of an economically-produced architectural effect.

Fig. 2b: Ford Motor Company 
Engineering Shops, the 

windows of the Engineering 
Shops provide natural light 

and ventilation.
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ly taken place over the past twenty years and the emer-
gence of the ‘digital age,’ which has opened up new possi-
bilities, at least on the design level, for incorporating this 
new principle.

Engineering is about the physical world; it is about chan-
neling and modifying physical conditions to suit human 
needs, using scientific method to understand physical condi-
tions, and incorporating technology to achieve their channel-
ing and modification. In some cases, engineering is carried 
out at such a scale that it spectacularly transforms the phys-
ical world, as with the Three Gorges Dam in China, the 
world’s largest.

This provides an alternative to the platonic forms that 
dominated architectural composition in the last century (figs. 
5b & 6). Taking geometry as an example, we no longer base 
these forms on proportions and algebraic relations, but on ap-
proximations achieved through calculus. Nurbs, for example, 
are geometries determined by an infinite number of specific 
conditions mediated by an exact function rather than geo-
metrical relations. Informal geometries, differentiated struc-

tures, and non-linear organizations are now controllable.1

As we understand it, engineering came out of political, 
technological, and economic developments that largely took 
place in the Western world in the late-18th and through the 
19th centuries. This is the historical moment where scientific 
and technological progress made large-scale physical inter-
ventions in the natural and physical environments possible, 
and where social and political change demanded it.

Although engineering has shown considerable potential 
for improving the lives of millions throughout the world, and 
not just for the rich (railways and airplanes have made long-
distance travel cheap; sewage systems have extensively re-
duced disease, etc.), many of its operating methods have re-
flected the need for new forms of social control for a chang-
ing world.

Very crudely put, the social potential of engineering was 
circumscribed by its political context, and from there, it is 
only a short step for a work of engineering to acquire sym-

1 For a more detailed discussion of such geometries, see, Hanif Kara (ed.), De-
sign Engineering: AKT (Barcelona: Actar, 2008).

Fig. 3: San Francisco, Golden Gate Bridge, conceived by a team of structural engineers led by Joseph Strauss with input from architect Irving Morrow, 1937.
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bolic resonance. Certainly, by the end of the 19th century, the 
1851 Crystal Palace and the 1889 Eiffel Tower were examples 
of engineering producing symbols of technological triumph, 
political power, and an economic positioning of nations on a 
monumental scale that rivals those produced by architects. 
This continued into the 20th century with works such as the 
1936 Hoover Dam and the 1930s Russian mining and indus-
trial city of Magnitogorsk—and these are only examples of 
construction engineering, as I have not ventured into the in-
triguing world of space programs. In fact, a minor academic 
discipline has come into being that concentrates on decoding 
the relationship between politics and aesthetics during the 
Cold War, when neither side—the United States and Soviet 
Union—could ignore the symbolic value of their seemingly 
utilitarian undertakings.

What distinguishes the challenges of today is that tech-
nology has become even more powerful than before, but our 
world also has become morally more complex – and will be-
come more so as it becomes increasingly interlinked. This 
makes it both possible and responsible to develop more so-
phisticated solutions that address today’s complex condi-
tions; easy and conventional solutions are becoming increas-
ingly irresponsible.

All this brings about possibilities for developing a new 
aesthetic and also a new relationship between form, func-
tion, and production, which will bring about new forms of 
symbolism that accompany new and more efficient places of 
production.

The impacts of technology
Digital technology is at the heart of how engineering is 
evolving, and it is also driving several, not wholly compatible 
trends in transforming environments. It purports to merge 
the virtual and real worlds.

The implications of merging the real and virtual worlds 
are beyond the scope of this paper, but other impacts of dig-

Fig. 4a: London, Queen Mary University, School of Medicine and Dentistry, 
laboratory and public spaces, AMEC Alsop Design (structural engineers: 

Adams Kara Taylor), 2005.

Fig. 4b: Queen Mary University, School of Medicine and Dentistry; diagram 
showing a new hybrid arrangement of open forms and spaces.

Fig. 5a: The ancient structural engineering principle of the post and beam, 
the medieval principle of the buttress and vault, and the contemporary 

principle of elastic continuity.

Fig 5b: Wolfsburg, Germany, Phaeno Science Centre, Zaha Hadid Architects 
(structural engineers: Adams Kara Taylor), 2005; this project provides a 
form where conventional walls, floors, and columns merge to produce a 

single surface with ‘morphed fluid geometries’ that are difficult to define 
as conventional platonic shapes.
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ital technology, which I will mention below, and the relation-
ships between them are absolutely vital. They set the context 
in which the new aesthetic and balance between form, func-
tion, and production will emerge. Taken together, they trans-
form the relationship between place and production, chal-
lenging the whole concept of “place of production.”

New technology also allows for the exploration of hybrid 
forms and programs. Take for example the glasshouse as a ty-
pology. In the case of the Volkswagen Rainforest Pavilion at 
the Hanover Expo 2000, a conventional glass house typology 
was transformed by the use of ETFE foil in lieu of traditional 
glass. The use of this new material transformed the idea of a 
‘glass shed’ into a more natural plastic form supported by on-
ly three leaning arches rather than conventional pitched 
frames (figs. 7a & b). The conceptualization and delineation 
of the structure’s more complex curving forms would not 
have been possible without the aid of digital technology.

Digital technology hugely increases the range of possible 
design options, allowing solutions to be more closely aligned 
with their physical context, calculating optimal structural 
and environmental solutions, and therefore creating a more 
effective balance between human need and technology (figs. 
8a, 8b & 9). In addition, it allows for a complete detachment 
of design from production in ways not possible before. This 
division of labor between thinking and making is part of what 
gave rise to engineering as a profession in the first place and 
made it a distinct endeavor from craft, where thinking and 
making are indivisible.

What is a “place of production” today? Narrowly de-
scribed, it is a factory or workshop, a building, albeit a poten-

tially very large one. But in social and economic terms, it 
brings together a network of suppliers, workers, managers, 
and consultants, who provide the labor, material, and ideas 
that together make up production. Traditionally, they tend to 
be in close proximity, creating an environment or even a 
“landscape” of production (see figs. 8a & b). But now that it 
is easier to detach design and production, that network can 
be extended across the globe to a greater and more efficient 
extent, covering a wider range of industries than ever before. 
Clearly, no single or easy physical definition exists today for 
“places of production.”

Traditional industrial environments or landscapes, how-
ever, are often very specific to single industries (consider coal 
mining, power generation, or steel making, for instance), and 
are notoriously hard to adapt if and when that industry be-
comes economically or technologically obsolete, or is unable 
to compete with similar industrial facilities emerging else-
where. One can see this in whole parts of any country be-
longing to the first wave of industrialization, whether the 

Fig. 6: Platonic forms can now be morphed to create more complex, but 
also structurally optimal forms.

Figs. 7a & b: Hanover, Volkswagen Rainforest Pavilion at the Hanover Expo 
2000, Bertram Bünemann (structural engineers: Adams Kara Taylor), 2000.
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Fig. 8a: London, “Yellow Building,” Allford Hall Monaghan Morris (AHMM) (structural engineers: Adams Kara Taylor), 2008; this building is part of a master 
plan for the development of a brown-field site. The ‘Yellow Building’ is coined as a ‘white collar’ factory for the fashion company Monsoon Accessorize that 

houses a gallery, garment prototyping space, and offices within one building. What is conceived here is mass-produced in factories in many other parts of 
the world.
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United Kingdom (East London and most northern towns and 
cities), the United States (Detroit and other industrial cities in 
the Northeast and the Midwest), or Germany (the Ruhr Val-
ley and whole swathes of the former East Germany). In these 
cities and regions one comes across the most pressing social 
and economic challenges facing their respective countries as 
a whole.

This “de-lamination” of places of production, where vari-
ous components of the production process may be physically 
detached from each other, may well be an advantage for 
those countries that have not yet wholly industrialized: rath-
er than “landscapes” of production, they might develop 
“mindscapes” of production. Here, the precise role of any giv-
en group, the techniques of production, and the products 
themselves are more flexible and responsive, less environ-
mentally damaging, and provide for greater social mobility.

This presents all sorts of implications for the buildings 

that house production. Should they be flexible to prolong 
their lives, or should they be designed as short-term, eco-
nomical structures that are so easy to take down and re-erect 
that they can be readily moved from one location to the oth-
er as the need arises?

In this context, the power of the “digital” is very impor-
tant. The capability of modern computational analysis means 
that structures can be fabricated with just the right amount 
of material. It also makes it possible to customize or optimize 
a material to use no more than is absolutely necessary, and in 
just the right position for a particular task (see fig. 9). Ironi-
cally, the processes that lead to the “de-lamination” of build-
ing design and construction also allow buildings to be better 
aligned with their intended purposes.

Even more ironically, buildings now can also be better 
aligned with their local contexts. Again, modern computa-
tional analysis means that specific local conditions can be 
better understood, their drawbacks avoided, and their advan-
tages exploited. In certain ways, this has been going on for 
some time. The problems of building in seismic zones, for ex-
ample, have long been understood and techniques have been 
developed to offset them. Also, local climatic conditions in-
creasingly can be effectively addressed in building design. 
But there also are other implications. In regions where basic 
construction techniques are prevalent, modern analytical 
tools can help identify their true potential much more effec-
tively than traditional rules-of-thumb. This means that with-
out having to go through the expense of importing advanced 
technologies or waiting for them to develop locally, higher 
standards of design and construction can be achieved using 
local building standards, materials, and practices. They might 
even provide the basis for a new aesthetic that speaks of a 
locally-derived modernity, not an imported one. This may be 
referred to as “smart localism.”

Generic engineering solutions to places of production
Traditionally, industrial buildings have had some combina-
tion of the following characteristics:

* Large clear spans (to give flexibility and / or to accom-
modate large machines);

* Repetition of standard components (which brings costs 
down, especially in large buildings);

* Very simple exteriors.
These make the essence of industrial building types the 

world over, and they clearly often lack visual definition or 
character.

Fig. 8b: “Yellow Building,” stress diagrams showing the building’s diagrid 
structure, where numerous options were explored to identify a system that 
optimizes the structure, but, more importantly, permits a new mixed-use 
slab building that is not constrained by the inflexibility of conventional 
column arrangements.

Fig. 9: London, DRL 10 Pavilion (project received first prize in an 
international competition for the design of a public pavilion at the 
Architectural Association), Alan Dempsey, 2007 (structural engineers: 
Adams Kara Taylor); this pavilion is designed to be constructed out 
of sheets of FibreC (fibre reinforced concrete sheet) by Rieder. It is 
an experimental project that researches contemporary design and 
manufacturing processes that explore ‘thought to production’ through the 
use of automated digital manufacturing.
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Industrial buildings of any significance will most probably 
continue to have new visual interest. But in light of the point 
mentioned above about smart localism, it should not be as-
sumed—as has often happened in the past—that only ad-
vanced economies can make suitably-repetitive, cheap, or 
strong components. Instead, there are ways of adapting and 
co-opting local skills, products, or practices to achieve simi-
lar results.

Possible new challenges
Engineering can offer new possibilities as well. As the world’s 
population increases, more and more areas will have to be in-
habited or made productive in some way. Challenges will 
therefore emerge in making the desert habitable, developing 
new irrigation technologies, and making river floodplains or 
low-lying land near coasts safe from flooding. These chal-
lenges will provide the new landscapes of production—and 
may include agriculture, water-harvesting, as well as using 
sea-tides, the wind, and the sun to generate power. In this 
context, let us consider three areas:

(a) Sustainable design
No seminar about the built environment would be com-

plete without at least touching on this subject. Engineers 
play a vital role in enabling clients to procure buildings that 
are environmentally sustainable. The commitment to reduce 
CO2 emissions by the developing and developed worlds 
clearly demands all design disciplines to play their role. It is 
essential that a “holistic building approach” be taken as this 
is far more effective than putting together the sum of differ-
ent individual parts. For industrial building types (which con-
sume more energy than most other types of uses (fig.10)), 
this requires developing a new ‘green aesthetic,’ which 
through orientation and form creates low-energy spaces 
(figs. 11a & b). It requires engineers to ‘unlearn’ much of their 
recent practices and to return, for instance, to the use of nat-
ural materials. It also requires engineers to research the way 
materials are made, transported, and used so that embodied 
carbon can be evaluated. In the past, engineers have tended 
to use what manufacturers of building materials gave them. 
What is now needed is more work by engineers in the design 
and development of these materials.

(b) Natural disasters
Despite the contribution of engineers over the past centu-

ry to mankind’s management of natural disasters through an 

improved understanding of the nature of these disasters and 
an improved modeling of the manner in which they function, 
there is evidence that over the past twenty years, the nature 
of disasters reported globally has risen progressively (fig. 12). 
This includes hydro-meteorological (weather-related) and 
geological (earthquakes) disasters. Poverty, urbanization, cli-
mate change, and deforestation contribute to this trend, mak-
ing large populations more vulnerable to floods, storms, land-
slides, and earthquakes. Engineering can make a significant 
contribution to mitigating their risks. The challenge lies in ef-
fectively using our tools and inventing new ones.

(c) Conservation, refurbishment, and reuse
Spatial standards in all building types have been under-

going a process of reduction for new buildings over the past 
fifty years. Whether it is room size, class size, or factory size, 
all are getting smaller and tighter. Accordingly, one of the 
greatest advantages of refurbishment and adaption is better 
quality of space, not to mention the benefits of sustainabili-
ty and cost. In other words, refurbishment allows us to create 
large spaces and also to address the wider issue of sustain-
ability by avoiding demolition. The protection of existing 
buildings for heritage reasons is also a growing trend.

Engineers are better able to engage with the practical di-

Fig. 10: Energy consumption of ‘production buildings’ compared to other 
building uses. Only swimming pools and hospitals consume more energy in 

their first thirty years than factories.
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mensions of conservation, refurbishment, and reuse of exist-
ing buildings, and can help strengthen the debate on philo-
sophical arguments put forward by conservationists through 
their understanding of materials. Interesting recent examples 
of adopting industrial buildings for new uses include the Tate 
Modern, a power station built between 1947 and 1963, and 
converted into a museum by the Swiss architectural practice 
Herzog & de Meuron in 2000. Another example is the 1920s 
Dunlop factory in Birmingham, which at one point was the 
largest factory in the world, but was closed down in the 
1970s. The complex was recently redeveloped as an office 

and retail space with an adjacent hotel, with work complet-
ed in 2006 (fig. 13). Increasing the life of existing buildings 
requires a new ‘skill set’ and new experiences from the engi-
neer that are not easily learnt. Educational institutions need 
to tackle this challenge.

Conclusion
Whilst industrial buildings of the past were often the result 
of a manufacturer instructing a local builder to construct a 
roof with four walls, the matter today is addressed through a 
different spirit, in both the developing and developed worlds.

Fig. 11a: Swindon, National Trust Headquarters - Heelis Building, Feilden 
Clegg Bradley (structural engineers: Adams Kara Taylor), 2005.

Fig. 11b: National Trust Headquarters, the modern “saw tooth” design for 
the building demonstrates sustainability whilst fitting into the historical 
environment of Brunel’s railway yards in Swindon. The form and orientation 
bring natural ventilation and daylight into a deep plan. In combining this 
with other features such as a large surface of solar panels, the National 
Trust Headquarters presents a unique green aesthetic.

Fig. 12: Diagram showing the increased occurrence of some types of 
natural disasters over the past twenty years.

Fig. 13: Birmingham, rehabilitated Dunlop Factory (Fort Dunlop), Hazel 
Rounding – shedkm, 2006.
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The clients of today are familiarizing themselves more 
frequently with the best and best-known buildings to create 
benchmarks. More importantly, they appreciate the archi-
tect’s importance in creating buildings that fit their contexts, 
and that also are adaptable, sustainable, and representative 
of the images they wish to project of their own organizations 
and products. A building that becomes a ‘place’ increases 
productivity. What is difficult to measure is the value of such 
buildings. They may well cost a bit more at the beginning, 
but, in my view, interesting buildings commissioned by ‘vi-
sionary’ clients more often than not have a positive impact 

on many levels that counters those initial increased costs. 
New challenges are emerging from a vast variety of issues 
such as concern for the environment, conflicts between 
building for industrial purposes and housing purposes in 
emerging countries, and the collapse of financial institutions. 
The role of the architect (and by implication the engineers 
who support him or her) is critical to bringing together and 
resolving the tensions that emerge between the multitude of 
challenges that affect what is finally built. All professionals 
will need to operate within the borders and margins of their 
own fields to deliver the factories of the future.




