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Zollverein Coal Mine Industrial 
Complex, Essen, Germany 



Aesthetics of Monumentality

Royal Saltworks at Arc-Et-Senans
Claude-Nicolas Ledoux

1774

The hierarchically organized complex 
had an entry at the center, heating 
pots and drying ovens at ends, & 
living quarters at the perimeter.



Industrial Materials

Late 18th Century:
Agricultural to 
Industrial Age

Advent of New 
Materials: IRON

The First Major 
iron bridge was at
Coalbrookdale, UK.  
Built in 1775-79, 
It spans 197’.  



Material Strength

By Mid 18th Century, 
Iron was seen as the 

MATERIAL OF THE FUTURE

Traditional materials 
like masonry can 

generally withstand 
compressive pressure 
and shear forces.

IRON can counter 
TENSION.



In Search of a Style

Sayner Hutte, Bendorf, Germany     Iron Casting Works  
Karl Ludwig Althans 1818-1830

A Gothic Basilica with three naves made sense functionally, as the clerestory distributed 
natural light.  The hollow cast iron pillars and arches were all fabricated at the works.



Astonishing Prefabrication 

Crystal Palace
Great Exhibition, London

Sir Joseph Paxton
1851

The 990,000 Square foot 
structure housed space for 
exhibitors of technology of 
the industrial revolution.

The design was modular, 
based on available sizes of 
glass panes, with cast iron 

channels in a 24’ grid. 



Steel for its Own Sake

Sheerness Boat Store
Great Britain

Godfrey T. Greene
1856-1860

A factory building 
without historicizing 

or decorative  
elements – a true, 

direct expression of 
steel construction.

The building was 
built in steel and 

clad in sheet metal.



An Enclosure of Iron Vaulting

La Galerie des Machines
Exposition Universelle, Paris

Dutert and Contamin
1889

The 520,000 Square foot 
structure of cast iron arches 

was the largest vaulted 
structure of its time.

Advances included trusses 
with a three-pinned hinge 

(portal arch).



An Immense and Powerful Place

Packard Factory
Detroit, Michigan

Albert Kahn
1903

3.5 million square 
foot complex made of 
reinforced concrete, 
closed now, but still 

mostly intact and 
structurally sound.



A Temple of Industry

AEG Turbine Factory
Berlin, Germany
Peter Behrens

1909

It “is” a Parthenon, 
with a bold temple 

front and with steel 
columns forming 

colonnades on each 
side.  

Its heavy battered 
corners are illusory, 
as all weight is borne 
by the columns, and 
all glazing hung as 
“curtain walls”.
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A Temple of Industry

AEG Turbine Factory
Berlin, Germany
Peter Behrens

1909

Still used today for 
the production of 

turbines, the aspect 
of the AEG is one of 

monumentality and open 
space, like its temple 

predecessor.

Behrens was mentor to 
numerous architects, 
including Gropius, 

Mies, & Le Corbusier.



A Facade of Pure Light

Fagus Works
Alfeld, Germany

Gropius and Meyer
1911-13

In response to the need 
of this shoe factory 

for natural light, the 
columns are made quite 

narrow, with large 
expanses of glass, even 

at the corners. 



Process Made Visible

Chemical Factory
Luban, Poland
Hans Poelzig

1911-12

The entire form of the 
building expresses the 
PROCESS of production, 
with each step clearly 
articulated in shape.

Buildings include a 
kiln house, a lead 
chamber, an admin 
office, a chamber 

house, storage sheds, 
and engine house.

BUILDING 
ELEVATION



Reduction to Basic Forms

Hat factory 
Luckenwalde, Germany

Erich Mendelsohn
1921

The dyeing hall 
funnels toxic fumes 

upward.  It also looks 
like a hat, which is 

Brilliant.



A Poem of Steel and Glass

Van Nelle Factory
Rotterdam, Neth.

Leedert van der Vlugt
1925-31

Glass walls define 
the exterior, while 
the unique columns 

articulate the 
interior volume. 



Lifting Up an Expansive Space

Johnson Wax Headquarters
Racine, Wisconsin
Frank Lloyd Wright

1936

Dendriform *(tree-shaped) 
columns support the 
ceiling, while sky-
lights allow 
soft light
to enter the 
workroom.    



Form as a Diagram of Structural Forces

Air Force Hangars
Orvieto, Italy

Pier Luigi Nervi
1935

The structure consists 
of a series of ribbed 
vaults, making strong, 
lightweight shells.

Drawbacks: All needed 
to be poured at once 
to assure monolithic 
structure, and needed 
steel reinforcement, 
and buttressing at 
nearly all sides.



Small Pieces for Massive Spans

Turin Exhibition Hall
Turin, Italy

Pier Luigi Nervi
1948

Remarkable span widths 
through a series of 
small, prefabricated 
ferr0-cement concrete 

elements.

The abutments were 
cast in situ (in 

place).  Windows are 
arranged in the 

corrugations of the 
structural arches.



A Simple, Elegant Curvature

Bacardi Rum Factory
Carretera, Mexico

Felix Candela
1959-60

Thin shell concrete 
vaults, stiffened at 
the groins and edges 
create this form.  

Hyperbolic parabaloid 
geometry used here was 
found in many of Felix 

Candela’s works. 

Three vaults were 
first built in 

1960, and expanded 
to six in 1971.



“Economy, Efficiency, Discipline, & Order”

United Airlines Hangar
San Francisco, California

Myron Goldsmith (S.O.M.) 1958
A flexible framework of welded steel 
beams, offering maximum expansion.

Myron Goldsmith, from his 1987 monograph



Heavy and Ponderous Buildings

Endo Labs
New York City
Paul Rudolph

1964

Structure for some 
buildings of this 
era was secondary, 

and volumetric forms 
took precedence.

This was the case
with Brutalism, a 
highly expressive, 
sculptural style
popular in the
1950s and 60s.



Freedom within a Module

Reliance Controls Factory
Swindon, United Kingdom

Norman Foster and Richard Rogers
1967

Assembly and production processes for 
electronics demanded potential 

expansion and changeability to the 
building plan.  A strong grid system 

defines the geometric frame for 
flexible components.



Economic Efficiency meets Flexibility

Lema Factory
Giussano, Italy

Angelo Mangiarotti
1990

Principles adopted in 
the 1960s of site 

assemblies of “kits of 
parts” are still 
utilized here.



Present and Future Facilities



Maintenance: A Grand Hall with Workshops

Werkstattgebäude Großklärwerk Köln Stammheim
Köln, Germany    Wolfgang Felder    1999

Large volume pumps required tall spaces, and various pieces of equipment required separation.  
So the design is expressed with immense clarity and simplicity: a comprehensively arranged 

plan, with a two-story hall made of concrete, with attached steel and glass workshops.
The hall is provided with clerestories, and each workshop has natural light and view. 



Production: A Gallery for Assembly

Zahner Metal Fabricator Factory Expansion
Kansas City, Missouri   

Crawford Architects   2011

The large, column-free space needed open 
volume for two cranes to move materials, 
and a seamless connection to existing 
factory circulation.  The exterior 

showcases zahner’s metals expertise.



Training the Trades

Centre for Trades Education & Innovation
Camosun College, Victoria, B.C.

B+H Architects   2016

This new project features training for 
trades and technologies, and showcases 
materials assembly throughout, with a 

central atrium and student commons center 
to serve combined trades activities.
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