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ABSTRACT: The propagation of the curtain wall goes back to W. Gropius manifest on industrial buildings (1913).
Its development was not restricted to the aesthetics and constructions of industrial building, but eventually became part of the theory of modern architecture and of all building purposes. The emergence of the curtain
wall cannot fully be understood without taking into account the building experiences with glasshouses, castiron-buildings, the technological development of the glass manufacturing and skeleton-constructions. Today
further development includes new elements of solar and energy-saving architecture.

Curtain Wall - Specification
In the twenties of the last century curtain walls became a symbol of modern architecture (Huxtable 1957, p.
181). The view that any future architecture should be guided along the timeless functional design of industrial
buildings was proclaimed of course by an article of the well known architect W. Gropius in the Jahrbuch of the
German Werkbund in 1913. The article was illustrated among others with three plants by A. Kahn, showing the
typical large glazed areas of curtain walls (Deutscher Werkbund 1913).
W. Gropius had studied American industrial buildings for very practical purposes, he had been asked in 1911 to
re-design the office building and the boiler-house of the later on well known Fagus factory. The most prominent element of his design came to be the curtain wall, which eventually became a symbol of the International Style.
The later on built Bauhaus in Dessau (1926) emphasized this style and made it known world wide as true avantgardist architecture. (Fig. 1) Likewise the sky scraper of Mies van der Rohe in Berlin (1921-23) showed light
weight glass facades. Also the studio for the painter Ozenfant by Le Corbusier (1922) and the “Cité du Refuge”
(1930) as well as the department stores Schocken by E. Mendelsohn in Chemnitz and Stuttgart (1927-28) were
performed with curtain walls. Mention should be made also of the department store for Moscow by the Russian
constructivistes W. A. and A. A. Wesnin, the exhibition hall in Prague by O. Tyll (1926-27) and the electricity
works in Frankfurt/Main (Korn 1929). Ultimately the engineer Sir Owen Williams designed the famous Pharmacist
Plant Boats in Beeston/ Nottingham with curtain walls in an unrivalled manner (1930-32). (Benevolo 1977, p.
100).
Although curtain walls are considered a symbol of modern architecture and by this time continue to be built
since more then a hundred years, but for publications to particular aspects or periods a comprehensive history
of its development is lacking. (Yeomans 1998, p. 59-82; Krewinkel 1988, pp. 50-57; Leslie 2006, pp. 1921-1935;
2008, pp. 399-419; Romanelli 1979) For instance the architect McGrath traced the curtain walls back to metal
window techniques, windows having become gradually larger continuous areas of glazing. According to him
the development covered several stages, also large glass areas crossing several stories, held in place by carrying columns (steel sash windows), but had no bearing on the glasshouses of the 19th century. (McGrath 1961,
pp. 145-165)

Proceedings of the Third International Congress on Construction History, May 2009

Figure 1 (left): Bauhaus (1926)
Figure 2 (right): Pattern of Windows/Curtain Walls: 1) Windows without Curtain Wall, a. Toy Factory R. Steiff, 1904,
double glass walls, b. Fagus factory, 1911-14 visible piers, 2) Reinforced Concrete: a. window zones for machines between glass walls and piers, b. mushroom column.
As a matter of fact curtain walls were not only developed upon consideration of design and aesthetic reasons, but equally depended on structural innovations as well as economical necessities and conditions. Although curtain walls emphasize the theory of modern architecture and aspects of political interpretation of
the International Style (Krieger 1996, p. 297, Wilhelm 1983, p. 62) as truly democratic, here the focus will be on
the history of construction. The development of the curtain wall cannot fully be understood without taking into
account the building experiences with glasshouses, cast-iron-buildings, the technological development of the
glass manufacturing and skeleton-constructions, which will be briefly depicted in the following. But before going into the details of the constructive and aesthetic development of the curtain wall in industrial and multistoried buildings, we should define what is a curtain wall:
- Curtain walls are nonload carrying, self-supporting outer walls of a building. (Schaal 1961, p. 11)
- Weight and wind load of the curtain walls are transferred to the skeleton by joint connections.
- Curtain walls can be executed as windows or window walls, but also as thin walls of bricks, wood or sheet
iron.
- Curtain walls are placed in front of piers, supports, columns, not behind. (Fig. 2)
Glasshouses
First experiments with buildings made of glass were carried out by the well known gardener and theoretist for
landscape gardening J. C. Loudon (1783-1843) since 1818. (Hix 1974, pp. 22-24; Kohlmaier 1981, p. 161) The
load carrying construction system with glass profiles for ridge-and-furrow roofs was also used by the gardener J.
Paxton (1801-1865) for the glasshouse of Chatworth (1834-38). (Hix 1974, p. 28)
The glass walls of the glasshouse of Chatworth were made of wooden muntins, which were holding the glass
plates in place. This was not yet a curtain wall, but the impression of transparence is remarkable. (Hix 1981, p.
89) The construction for the Victoria-Regia-House in Chatsworth (1849), built one year before the Crystal Palace, shows another variant of facade elements. The glass walls were constructed on a base of bricks of 90
centimeters hight, carrying a row of cast iron columns at an interval of 1,85 meters, which were connected to
each other by cast iron arches, supporting the roof. The glass wall itself was constructed by wooden frames
and glass plates, measuring 12 x 25 centimeters, and was placed behind the cast iron columns. (Kohlmaier
1981, p. 326) Therewith it did not accomplish the conditions of a curtain wall. For this the columns should have
been placed behind the glass wall. But the gradual transition towards a curtain wall can be seen.
The famous Crystal Palace (Fig. 3), whose history has been dicussed and published repeatedly, shows another
important step in the development of glass architecture on its way to the curtain wall. Profitting from experiences with the skeleton-type glasshouses in Chatsworth, for instance the Victoria-Regia-House (1849), J. Paxton
designed in co-operation with the glass manufacturer L. Chance and the iron manufacturing firm of Fox and
Hunderson the Crystal Palace. (Kohlmaier 1981, p. 410; Knaack 1998, p. 50) Iron cast frame works with crystal
glass plates, 7,30 meters in width and 1,22 meters in length, were the main load carrying elements, serving as
standard modules of the building. These modules were shaped by cast iron colums at regular intervals of 7,30
meters, and partitioned into three sections by half columns. The glass elements were held in place by frames
between the columns like in the Victoria-Regia-House. (Kohlmaier 1981, p. 424)
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Figure 3 (left): Crystal Palace, London (1851)
Figure 4 (right): J. Bogardus Factory, New York (1849)
Cast-iron-buildings
James Bogardus, watch-maker and engraver, designed his factory building 1848 with a fireproof frame and
curtain walls. (Bannister 1959, p. 12) (Fig. 4) He joined prefabricated window-elements into a facade, which
can be regarded as the first curtain wall, even if he himself did not name it in that way in his booklet from 1856.
His next buildings though did not show any longer curtain walls, but decorative elements like in Venetian palaces, for instance the publishing house of Harper & Brothers in New York (1854). (Bogardus 1856)
Also D. Badger, proprietor of the Architectural Iron Works, executed in New York a number of cast iron buildings. Cast iron buildings were built in New York till the end of the century, some of them showing large windows
and delicate cast iron columns, which can be looked at as antecedents of curtain walls. (Fig. 5 a, b, c) (Bayle
1974)
Cast iron buildings as allegedly fire proof buildings also came to be much favoured in England and Scottland.
In Glasgow the engineer-architect John Baird (1798-1859) erected 1855 the department store Gardner & Son
in the Jamaica street. (Fig. 6a) The four-storied building was composed of a strong base with five cast iron columns, partitioning the building into four segments. Each segment with three stories enclosed several delicate
cast iron columns, which were connected by arches. The vertical window-segments appeared because of the
remarkable transparence like a curtain wall. (Dixon 1985, pp. 134-135)

Figure 5a: Cast-Iron-Building, New York (1878), 5b: Rooseveltbuilding (1874), 5c: Old Best’s Store, (1905)
A very remarkable building, the Boathouse in Sheerness Naval Dockyard, was designed 1858-60 by the engineer Colonel Godfrey Greene. Before he was commisioned with the building-contract he had come to know
the building enterprise which had executed the Crystal Palace and made himself familiar with the principles of
iron constructions. The four-storied building comprised a skeleton construction of cast iron columns and cast
iron beams, covering a span of nine meters. The facade was composed of slender iron pillars and areas of
corrugated sheet iron panels and glass. The groundplan indicates that the windows are in line with the piers.
(Fig. 6 b, c) (Winter 1970, pp. 52-54) The window frames of the Fagus factory by W. Gropius emerge however
from the piers. Greens building demonstrates 37 years before the Reliance Building in Chicago was built, an
iron skeleton construction and a curtain wall.
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Figure 6a: Gardner & Son, Glasgow (1855), 6b: Boathouse, Sheerness Naval Dockyard (1858), 6c: Interior
Use of Glass
Glasshouses and the cast-iron-buildings are closely linked to the manufacturing of glass. In the early phase of
glasshouses only small sized window planes (180 x 150 x 3 Millimeters) were used. The English glass manufacturer R. L. Chance improved the cylindric glass around 1832 and produced since 1838 crystal glass, which
could be upraded and polished. With this crystal glass the Crystal Palace (1851) has been built. (Wigginton
1996, p. 34) But even though glass plates in the size up to 350 x 500 centimeters could be manufactured by
then, glass for buildings remained expensive and was therefore rarely used. (Kohlmaier 1981, p. 82)
But also the use of glass for multi-storied buildings depended on the manufacturing costs. Not before the costs
had lowered at the beginning of the 90ies curtain walls with glass and Terra Cotta appeared. (Leslie 2006, pp.
1921-1935) In the following decade windows even were produced in series. For instance the American Bridge
Company produced sash windows with a hight of up to 180 centimeters and the so called Chicago windows
(sliding windows) up to 122 Centimeters. (Ketschum 1912, p. 308)
Skeleton Construction of the Chicago School
The first skeleton constructions for multi-storied buildings were designed after the great fire of Chicago in 1871.
But with the skeletal constructions the enclosing walls could be of a lighter weight, because they did not have
to bear loads any longer. The biggest step in skeleton constructions was taken by the architect William Le
Baron Jenney (1832-1907), who had studied at the “Ecole Centrale des Arts et Manufactures” in Paris and
opened in 1868 his architectural office. Although he placed the skeleton construction of his Home Insurance
Building behind a thin enclosure wall of bricks, the principle of a curtain wall was realized. (Condit 1988, p. 308)
Because of the introduction of polished plate glass, prices for glass lowered substantially, which supported the
design of large windows. (Leslie 2008, pp. 1921-1935)
The “Reliance Building” was erected in 1895 by the architectural office of Bahnham & Root under the control
of Charles Atwood. The sixteen-storied corner building looked on two streets on either side. The skeleton construction allowed a curtain wall which was placed before the steel pillars. The wall was composed of thin Terra
Cotta panels and large window areas, running around the corner. Here Chicago windows were used. (Roth
2001, p. 273; Condit 1964, p. 108, 116; Freitag 1902, p. 311) (Fig. 7 a, b, c) Bahnham & Root erected a second
skeleton framed curtain wall building, the “Fisher Building”. (American Architect and Building News 1896, p.
413) Also in this building the curtain wall was composed of Terra Cotta panels and window sashs. These are the
first two buildings with curtain walls in Chicago. Landmarks on the way to the curtain wall were:

Figure 7a: Reliance Building in Chicago (1895), 7b: View, 7c: Studebaker Building (1895),
7d: Hallidie Building, S. Francisco
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- Studebaker Building (1895), Arch. Solon S. Beman, 10-storied, seven window areas with six piers and decorative cornice, cast iron frame and panels, broad „Chicago Windows“.
- Mc Clurg Building (1899-1900), Arch. Holabird & Roche, 9-storied with cast iron frame, three window areas
with two iron columns and slender iron panels without decoration, emphasizing the construction.
- Gage Buildings (1898), Arch. Holabird & Roche, one 6- and one 7-storied building with „Chicago Windows“,
having timeless, almost modern facades without decoration. It is not yet a glass facade, but large glass areas covering several storied areas between pillars.
Why this way of building was not continued mainly depended on the revision of the building Code in 1893. By
1897 the use of certain building materials was restricted, amongst others the use of Terra Cotta. The code restricted also the dimension and location of windows in tall structures. At the same time prices for glass had become unfavorable, and the new technology of electrical lighting made the necessity for daylight and large
windows less important, and had become affordable. (Leslie 2006, pp. 417-419; Platt 1991) The lightning in storied buildings until then having depended mainly on the size of the windows. (Fig. 2a, b) Further problems as a
result of weather extremes, protection from heat or cold, or water leakage cannot be discussed in this context.
Alltogether these different reasons furthered more insulating, solid walls and smaller windows. At the same time
architects tended to use classicistic elements of decoration and clad their buildings in solid walls of stone.
(Smith 1982, 120)
The Hallidie Building in San Francisco, a 12-storied office and trade building, appears to be a connecting link
between the sky scrapers in Chicago and the later industrial buildings with curtain walls. With this building Willis
Polk realized 1915-18 for the first time a complete facade of glass, a light weight construction like a second
skin. (Fig. 7 d) This curtain wall was placed 90 centimeters in front of the load carrying octogonal columns
made of reinforced concrete. (Dills 1971, pp. 323-329; Roth 2001, p. 283; Krewinkel 1988, pp. 50-52) The building
showed though a number of gothic decorative elements, thus pointing to the aesthetic indecision of the architects of America at that time. (Roth 2001, p. 283; Krewinkel 1988)

Figure 8 (left): Nelson Garit, Philadelphia (1870)
Figure 9 (centre): Newport Ship Building, Virginia (1890)
Figure 10 (right): Brooklyn Navy Yard
But the early curtain walls were no isolated constructions as sometimes assessed in literature, but should be
looked at as precursers. They were also erected for the department building “Boley Clothing Store”, a sevenstoried building, which was built 1908-09. The piers were situated 12,50 centimeters behind the metal-glasscurtain wall. The “Strain
Brothers Building” in Lewiston/Montana was designed by the architects Wasmansdorff and Eastman 1914 with
a curtain wall from the ground floor up to the second floor. The piers were placed 22,50 centimeters behind
the glass facade. (Dills 1971)
Industrial Architecture in the USA
For the beginning of curtain walls in industrial buildings we also have to look at James Bogardus’ factory from
1848-49. 1870 his method of prefabricated window elements was improved by Nelson Garit in Philadelphia: the
three-storied facade was composed with large window panels. (Bradley 1999, p. 168) (Fig. 8) Following the
same principles of curtain walls the new shop and foundry of the machine tool factory Brown & Sharpe were
erected in Providence/Rhode Island (1880). (Bradley 1999, p. 171). Already 1890 the American engineering enterprise Berlin Bridge Company in East-Berlin/Connecticut improved its construction system for continuous walls
with window frame elements for the assembly hall of the Newport Shipp Building in Virginia by introducing a
skeleton construction. (Fig. 9)
One year later the same enterprise erected an assembly hall (24,50 x 122 meters) with a continuous glass facade of 3,50 meters hight. The so called Daylight Factory was ment to offer a maximum of daylight for the
production, but was also “built entirely of iron and glass, in order thet it might be fireproof.” (The Berlin Bridge
Company ) The new machine shop of the Fuller Iron Works in Providence/Rhode Island was built with curtain
walls of steel and glass (1893), groundplan 27,50 x 67 meters. The foundry (15,25 x 30,50 meters) was built 1901
in the same way with large glass walls. (Hall 1901, pp. 270-71)
The steel sash industry not only became part of the production program of the major machine factories, but
was also used for erecting their own buildings. This also applied for the Brooklyn Navy Yard (1901), were all fa-
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cades of the assembly hall were furnished with curtain walls. (Mislin 2004) (Fig. 10) A similar construction was
realized for the machine tool factory “Grant Tool Works” in Franklin, PA (1901-02) (Ketchum 1912, p. 313)
The ultimate performance of a totally glazed building was acchieved by the “Buffalo Foundry Co.” in 1903.
(Bradley 1999, p. 172) The next glazed facades were built for the “Shoe Machinery Co. in Beverly/Mass., which
was under reconstruction in 1907. The new construction was performed in reinforced concrete after the Ernest
L. Ransome method with octogonal piers, a ribbed floor and curtain walls with steel sash windows from the
floor to the ceiling. (Alford 1907) (Fig. 11 a) Around 1906-07 a number of factories and shops were designed
with walls composed of large windows and corrugated sheet iron panels. (Fig. 11 b)
.

Figure 11a: Shoe Machinery Co. Beverly/Mass. (1907) , 11b: Window Sash
The Ernest L. Ransome system was improved later on by the engineer Julius Kahn, the younger brother of Albert
Kahn. The co-operation with his brother enabled Albert Kahn to design reinforced concrete constructions and
continuous steeel sash windows from the floor to the ceiling, which in fact were curtain walls for all his factories.
These walls were not load carrying, channeling wind loads to the main construction. Without going into details
of all his factories, four of them are mentioned below. All of them having been designed with curtain walls,
became influential for the later development of curtain walls:
- Packard Motor Car, Forge Shop, Detroit, 1909-10 („the continuous horizontal runs of glass and louvers by
passing the structure as a curtain wall”) (Hildebrand 1974, p. 58; Ferry 1978; Bucci 1991) (Fig. 12 a.)
- Ford, Eagle Plant, 1917
- Ford, Building B (River Rouge Plant), Dearborn, Detroit, 1917/1921 (Fig. 12 b)
- Ford, Glass Plant (River Rouge), 1922.
How common the curtain walls had become after the turn of the century can be seen in trade catalogues of
building enterprises, which performed constructional engineering and factories in steel and reinforced concrete, such as the engineering office of Stone & Webster, the Aberthaw Construction Company (1919), The
Austin Company (1916) and the United Steel Sash Company (1912,1913). Many of the prefabricated standard
factories, offered in the cataloguesbetween 1911 and 1919, showed curtain walls. The Austin Company offered in her catalogue from 1910-1916 ten different standard factories with curtain walls. (Fig. 13)
.

Figure 12a: Packard Motor Car, Detroit (1909-11), 12b: Building B (River Rouge)
Figure 13: Austin No. 3 Standard, Cleveland
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Industrial Architecture in Germany
Early curtain walls can also be found in Germany. Because curtain walls are not exclusively built with steel and
glass, but can just as well be composed of thin bricks, wood or corrugated iron, a four-storied wing of the carmanufacturer E. Kühlstein in Berlin should be mentioned. Making use of the given strong walls at the back and
on two sides of the building, a thin corrugated iron wall was placed by the master mason E. Gerhardt in front
of cast iron columns. (Mislin 2002, p. 274) Between 1896 and 1907 several buildings with curtain walls were designed:
- Draft for a curtain wall on the gable wall of the new Siemens machine tool factory by the engineer R.
Cramer (1896) in Berlin,
- draft (1907) for the former warehouse of the Ludwig Loewe factory in Berlin, which belonged since 1904 to
the AEG-Turbinenfabrik, and can possibly be attributed to P. Behrens. (Mislin 2002, p. 294)
- The draft of H. Poelzig (1906) for the Werder Mill in Breslau shows a facade of glass and iron. (Posener 1979,
p. 516)
- Two trade buildings in Berlin, Oranienburgerstr. 159 und 161, show around 1902-05 early types of a curtain
wall construction. (Mislin 1997, p. 130) (Fig. 14 a, b)
Towards the end of the 19th and at the beginning of the 20iest century the construction of curtain walls mainly
occured with departement stores. For instance the department store Tietz in the Leipziger Straße in Berlin was
built 1899-1900 by B. Sehring and L. Lachmann with a glass facade (20 x 17,50 meters), which can be considered Berlin’s first curtain wall. (Posener 1979, p. 479)
Mainly three buildings should be mentioned though, having been designed before the famous curtain walls of
P. Behrens and W Gropius:
- 1904 the toy factory R. Steiff was erected in Giengen/a. Brenz with a glass curtain wall on all four sides of the
building, (Fig. 15)
- 1906-07 five factory-buildings of the railway enterprise A. Koppel/Berlin in its oversea branch in Pittsburgh/Pennsylvania with curtain wall facades. The window panels continuously run around the corner. The
curtain wall was composed of standard elements with window frames. (American Machinist 1907)
- The „9. Mechanische Werkstatt“ of the steel factory A. Krupp in Essen shows a perfect curtain wall, made of
glass and corrugated iron. The assembly hall was built 1907 (280 x 272 meters), consisting of a steel skeleton
construktion with segmental girders covering more then 16 bays of different length and width. (Fig. 16 a, b)
(HA Krupp)

Figure 14a: Oranienburger Str. 159 (1902), 14b: Oranienburger Str. 161
Figure 15: R. Steif Factory, Gingen a. Brenz (1904)
Eventually P. Behrens fulfilled all requirements of a daylight-factory with curtain walls for his AEG-Turbinenfabrik
(1909). The facade in Berlichingenstraße shows a row of steel piers, carrying the roof of the hall, with visible
supports on the concrete base. The glass plates are slightly slanting towards the interior, whereas the glass
plates of the gable are sloping outwards. The gable window wall of 13,35 x 15 meters covered half of the entire
gable wall. Being made of very thin concrete the corner piers don’t have a load carrying function, but merely
form the boundary of the glass area. Despite of this not quite univocal design, the facade of the AEGTurbinenhalle is a curtain wall. (Posener 1979, pp. 565-68)
For the Fagus factory in Alfeld a. Leine (1911-14) W. Gropius and A. Mayer proposed an improved facade for a
three-storied office-building and installed a stairhouse with glass facades without any piers. The glass cases of
the facade were erected between the piers of 65 centimeters width. The large glass facade is not load carrying, and therefore counts as curtain wall, despite of the fact that the glass areas are not uninterrupted. (Posener 1979, pp. 566-568) (Fig. 17).
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Figure 16a: Gußstahlfabrik A. Krupp, Essen (1907), 16b: „9. Mechanische Werkstatt“, Groundplan (1907)
Figure 17: Fagus Factory
CONCLUSIONS
Analyzing the different building types shows that the curtain wall can be traced back to various influences at
different periods: glasshouses, tall buildings and industrial buildings. Certain elements of construction for the
Crystal Palace were used by G. Greene for the design of the Dockyard trade building, and established a first
curtain wall (1858). The Chicago skeleton sky scrapers also formed curtain walls, the first being the Home Insurance Building (1885). The Reliance and the Fisher Buildings (1895, 1896) mark the next peak of the development of curtain walls, remaining unrivalled for the time being.
Besides restrictions of the new building code (1893), obviously a number of technical problems could not be
solved, such as insulation, protection from glare, water leakage or maintenance. So the development of the
curtain wall for tall buildings came to a halt.
Instead the curtain wall continuously developed since 1890 for low factory-buidlings (in the USA A. Kahn; in
Germany factories R. Steif, Krupp and Fagus factory). The following historic phases can be characterized:
- Glass as building material and prime load carrying occurs in glasshouses, peak: Crystal Palace (1851).
- Glass as secondary load carrying and cladding of the building is introduced by James Bogardus for castiron-skeleton-constructions (1849).
- Disintegration of the load carrying walls of tall buildings, piers are placed in the interior of the building: Reliance Building in Chicago (1895).
- Curtain Walls appear since 1891 without interruption in industrial buildings: at first steel skeleton buildings,
since 1903-07 reinforced concrete constructions: A. Kahn (1909-26).
- Prefabricated standard factories with curtain walls, for instance Austin system (1911-16).
- Department stores and factories in Germany show large window areas at the end of the 19th century, precursors: Tietz department store (1899), R. Steiff factory (1904), A. Krupp in Essen (1907), Fagus factory (191114).
The propagation of the curtain wall goes back to W. Gropius manifest on industrial buildings (1913), but was
not restricted to the aesthetics and constructions of industrial building only, but eventually became part of all
building purposes. Today the further development includes new elements of solar and energy-saving architecture.
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