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INTRODUCTION
THE PRODUCTION AND USE OF GLASS
IN ARCHITECTURE: A BRIEF HISTORY

Sophie Wolf and Laura Hindelang

Abstract

This introduction provides a historical overview of the production and use of sheet glass since
its invention in Roman times and refers to the contributions in this edited volume. It focuses
on the most significant technological and architectural developments in Europe and the USA
and highlights the interaction between glass production, construction industries and archi-
tecture. It presents important manufacturing processes, outlines types of sheet glass and
provides a basic glossary for technical terms in English, French and German. This text also
touches on the challenges of conservation and restoration, as well as the life-cycle of historic
glazing and windows. It ends by emphasizing the merits of interdisciplinary exchange and the
necessity for a shared multilingual thesaurus for glass technology.

Keywords

Sheet glass, plate glass, glazing, window, glass technology, preservation, life cycle

Everywhere and Every Day: Glass in Architecture, Past and Present

Glass is omnipresent in our built environment, and it is impossible to imagine today’s
cities without it. Its diverse properties and its numerous possible applications make
glass an indispensable building material. This is not a contemporary phenomenon.
Glass has long been an integral part of buildings, and its production and use are in-
trinsically linked to the history and development of architecture. The material and its
potential have always inspired architects, engineers and artists. History is rich with
examples of the use of glass, and sheet glass in particular, on a monumental scale: the
stained-glass windows of Gothic cathedrals, the galeries des glaces and lead glazing
of 17th-century castles, the glass roofs of mainline railway stations and the large dis-
play windows of 19th-century department stores, as well as the glass fagades of re-
cord-breaking high-rises such as Burj Khalifa in Dubai. Throughout the centuries, the
growing demand for plate glass for windows, doors, walls and whole fagades has
fuelled production and led to technological innovations in manufacture and vice versa.

Introduction
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The availability and use of wood, coal and other fossil fuels as combustion material
have had an enormous impact on the production of glass as a building material as well
as on the environment.’

The aim of the conference Glass in Architecture. From the Pre- to the Post-Industrial
Era: Production, Use and Conservation was to highlight and reflect on this fascinating
history and on the interactions between glass, architecture and the construction
industry. This book is the result of that international symposium, which was jointly
organized by the Vitrocentre Romont, the Institute of Art History at the University of
Bern and the Bern Acadamy of the Arts HKB; it was held in Romont (Switzerland) on
5-6 November 2021. The meeting was accompanied by the opening of the exhibition
Du précieux au quotitien. Le verre plat dans l'architecture at the Vitromusée Romont
(6 November 2021-23 March 2022), which was dedicated to the history of the produc-
tion and use of sheet glass. It showcased historical as well as modern production
techniques and illustrated the almost immeasurable diversity and the many uses of
this once valuable and now everyday material. One part of the exhibition was devoted
to the Erie-Electroverre company in Romont, one of the world's last manufacturers of
machine-drawn sheet glass, which unfortunately had closed its doors in 2020. The
cover image of this volume, documenting the company’s production process in the
1950s, is taken from the company’s archive.

In this introduction, we will briefly summarize the history of sheet-glass production
since its invention in Roman times and we will focus on the mostimportant technolog-
ical and architectural developments, referring to the contributions in this volume
which discuss these topics in detail. Like the conference, the book is divided into
three thematic sections. is dedicated to the production of sheet glass from
pre-industrial times onwards and comprises contributions on the manufacture of
crown glass, the development of the window-glass industry in Scotland and Belgium,
and on innovative products for the flat-glass market. The articles in illustrate the
diverse uses of glass and highlight its central réle in architecture from the 18th century
to the present day, from the Baroque glass architecture of the Dresden Zwinger to the
glass fagades of corporate headquarters of the 20th century. Part 3 deals with the
conservation of historic windows and glass fagades and the importance of preserving
this fragile heritage. The topics here range from the challenges of the in situ restora-
tion of the original mid-18th-century glazing of Michelsberg Abbey in Bamberg (Ger-
many), to the question of the repair, durability and reusability of insulating glazing to-
day. In addition, we offer translations of key terms into French and German, thereby
providing a basic glossary for the technical terms used in the English, French and
German contributions gathered in this volume.

Cast or Blown: Early Production of Sheet Glass

The history of flat glass (French: verre plat; German: Flachglas) dates back to antiquity.?
The fragments of flat glass found in Herculaneum, Pompeii and many other Roman

Sophie Wolf and Laura Hindelang



1 Fragments of window glass
and wooden muntins from the
legionary camp at Vindonissa
(Windisch, Switzerland), c. 1st
century CE.

cities, such as Aventicum (Avenches) and Augusta Raurica (near Augst and Kaiser-
augst), prove that the Romans produced sheet glass and used it to close their window
openings from the 1st century CE onwards. Initially, window glass was made by a cast-
ing process (French: coulage; German: Gussverfahren) that consisted of pouring
molten glass onto a flat, heat-resistant surface and stretching the hot and viscous
material into a rectangular shape.® The result was a relatively thick and translucent
glass pane of pale-green or light-blue colour.

These more or less rectangular panes were held in grooved frames made from metal,
marble or wood.* The windows were sometimes divided by wooden muntins (French:
croisillons en bois; German: Holzsprossen), such as those unearthed at Vindonissa
(Windisch) in the canton of Aargau (Switzerland) (Fig. 1).> The production of glass,

Introduction
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particularly the casting of sheet glass, was very challenging and expensive. For this
reason, initially only windows in public buildings and the villas of affluent citizens were
equipped with glass.

The invention of glass-blowing (French: soufflage du verre; German: Glasblasen) in the
1st century BCE and the use of the blowpipe (French: canne a souffler; German: Glas-
macherpfeife) led to the development of new techniques that radically changed and
greatly simplified sheet-glass production: the broad-sheet method and the crown-
glass process.® The Schedula diversarum artium (c.1100-1120 CE) by Theophilus
Presbyter provides the earliest detailed description of the broad-sheet technique
(French: soufflage en manchon; German: Zylinderblasverfahren or Zylinderstreckver-
fahren), which consists of blowing a pear-shaped bubble into an elongated tube shape,
cutting both ends of the tube, and splitting and flattening the glass cylinder while hot.”
In the crown-glass process (French: soufflage en couronne; German: Mondglasver-
fahren or Schleuderverfahren), the molten glass is blown into a balloon shape. The
bubble is then flattened; transferred to the glass-maker’s pontil or punty, a solid iron
rod (French: pontil; German: Hefteisen), and then reheated and rotated at speed, until
centrifugal force forms a large circular plate known as a table (French: cive; German:
Mondglasscheibe).t

These new methods resulted in sheet glass of considerably better quality: it was much
thinner and more transparent than the plate glass produced by casting.® From the
4th century CE onwards, mouth-blown window glass prevailed over cast glass.” The
broad-sheet technique long remained the predominant method of sheet-glass produc-
tion throughout Europe, while the crown-glass process prevailed in the Islamic world.
It was not until the 14th century that the manufacture of crown glass became estab-
lished in Europe.

Silica, Soda and Lime: The Materials of Early Glass Production

The Romans produced glass from calcium-rich beach sand and ‘natron’, a natural
soda-rich salt that was mined, among other places, in the salt lakes of northern Egypt
(for example, Wadi El Natrun).” The glass industry was divided into two branches: the
primary production of glass, mainly located in the eastern Mediterranean, and the
further processing of this raw glass into glassware, be it vessels or plate glass, in sec-
ondary workshops spread all over the Roman empire (Fig. 2)." Glass recycling, that is,
melting down recovered scrap glass, was a common practice.™ Early glass-makers
already knew that the addition of this material (known as cullet) to a batch reduced the
amount of raw materials and the melting temperature, and thus also the production
costs for glass.

After the decline of the Roman empire, the production of glass in the eastern Mediterra-
nean slowly decreased. The demand for glass was gradually met by the glassworks
newly emerging in the forest regions of Central and Northern Europe.™ In consequence,
glass production changed from a two-stage to a single-stage industrial model: glass

Sophie Wolf and Laura Hindelang



2 Tank furnaces at the primary glass production workshop at Bet Eli'Ezer (Israel), late 7th — early 8th century CE.

was now made from local raw materials—sand, plant or wood ash, and lime—and
processed in one and the same place. Glass recipes thus varied regionally and
changed over time. The different natures and origins of the raw materials are reflected
in the chemical and isotopic composition of the glass. The analysis of glass finds can
thus shed light on the technology and the history of glass production in a region.”™

Glass Windows in the Middle Ages: A Privilege of the Rich

The spread of Christianity gave a new impetus to glass production in Europe, especially
that of plate glass: newly built churches were decorated with stained-glass windows
made from pieces of coloured, mouth-blown sheet glass held together with lead
cames (French: baguettes de plomb; German: Bleiruten).'® Finds from the Merovingian
and Carolingian period prove that early stained-glass windows had ornamental de-
signs." The first figurative depictions appeared from the 9th century CE onwards.” As
the churches and cathedrals of the Gothic period grew taller, their windows took on
monumental dimensions.

It was however not only the Church that could afford glass windows: secular rulers too
glazed their windows, in castles and palaces.' Usually, only the upper portions of a
‘cross-window’ (French: fenétre a croisée; German: Kreuzstockfenster) were glazed,
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3 Chess-players, stained
glass, ¢.1450, Paris, Musée
de Cluny (Cl. 22422); detail
showing a cross-window
with lozenge glazing.

while the lower ones could be closed with wooden shutters (Fig. 3).2° It was not long
before the bourgeoisie and rich citizens of medieval cities followed this trend: by the
15th century, there was hardly a private residence, guild house or town hall in Central
and Northern Europe without glazed windows. The increasing demand for sheet glass
led to a steady rise in the number of private glassworks that produced and marketed
their goods by land and water, partly over long distances.?'

Because glass or glazing was very expensive, homeowners often looked for sponsors
for their windows. In Switzerland, this led to a new genre of stained glass, the Wappen-
scheibe. These mostly small stained-glass panels, bearing a donor’s coat-of-arms,
were builtinto the glazing that embellished and closed the window openings of private
houses, guild houses and town halls (Fig. 4).22 Glass windows, however, remained a
privilege of the wealthy in the medieval and for much of the early modern period.2® The
window openings of the dwellings of common people were still closed with hides,
oiled parchment or wooden shutters.

Sophie Wolf and Laura Hindelang



4 ‘Bull's eye’ window (crown glass) with stained-glass panel, 1636, Vitromusée Romont (VMR 699), on loan

from Fritz Dold, Zurich.

From Quarries to Bull’s Eye: The Transition from the Medieval
to the Baroque Window

Gothic cross-windows had fixed lead lights (French: vitrerie a resille or vitrage
en plomb; German: Bleiverglasung) that typically consisted of lozenge-shaped glass
pieces known as quarries (French: losange; German: Raute) (see Fig.3). These were
cut out of broad-sheet or crown glass. The large circular tables of crown glass were
thinner, more translucent and more brilliant than broad-sheet glass and therefore
more popular, but also more expensive.?*

From the 16th century onwards, and especially in German-speaking regions, lead lights
made from either bull's eye panes, also known as roundels (French: petite cive; Ger-
man: Butzenscheiben) or Tellerscheiben (French: cul-de-bouteille) replaced lozenge
glazing (French: vitrerie a losanges; German: Rautenverglasung) (see Fig. 4).2° Both
forms are round, but manufactured in different ways, and are easily distinguished by
the presence or absence of the ‘bull’s eye’ (French: boudine; German: Butzen), a nod-
ule in the centre of the crown-glass table where the pontil was attached. Lead lights
could also take other forms; an example of this is the hexagonal glazing (French:

Introduction
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vitrerie a bornes hexagonales; German: Waben-Verglasung or Sechseck-Verglasung)
of Michelsberg Abbey in Bamberg (Germany). = Susanne Fischer and Josef Ganka
A fundamental change in window architecture came with the introduction of symmet-
rical casement windows (French: fenétre a battants or fenétre a la francaise; German:
Fliigelfenster) in the Baroque period; these replaced cross-windows, which remained
common until the late Renaissance. The hinged sashes of these case-
ment windows were subdivided by wooden muntins and glazed with small rectangular
panes of broad-sheet or crown glass. These windows, often arranged in multiple rows,
became a characteristic feature of the fagades of Baroque castles and hétels particu-
liers. The light streaming in through them was reflected by large wall mirrors and chan-
deliers, showing off lavishly decorated interiors to their full advantage. With its Galerie
des Glaces—completed in 1682 and originally glazed with blown plate glass?®—
Versailles was the flagship example of the epoch and a reference point for other presti-
gious building projects, such as the Dresden Zwinger.

Polished and Lustrous: Plate-Glass Production in the Early Modern Period

Developments in window architecture led to an increasing demand for particularly
transparent glass, not least also to meet the new market for mirrors. Glass was sup-
plied by the numerous glass-houses (French: verrerie; German: Glashditte) in the low
mountain ranges of Central Europe (Bohemia, Silesia, Lorraine, Jura, etc.) that manu-
factured lustrous, highly fire-polished crown glass on the one hand, and blown plate,
that is polished broad-sheet glass, on the other. Demand was so great that the glass
industry also developed in regions away from those traditionally associated with glass
production, for example in Scotland.

The clearest glass, however, came from Murano (ltaly), which held a monopoly in the
production of blown plate glass and mirrors until well into the 17th century.?” France
succeeded in breaking this monopoly with the foundation of the Manufacture royale
de glaces de miroirs (which later became Saint-Gobain) in 1665. Jean-Baptiste Colbert,
Minister of Finance to Louis XIV, recruited experienced glass-makers from Venice, and
the import of blown plate and mirrors from Venice was eventually banned.

The manufacture of blown plate glass—used in windows and for mirrors—was a
time-consuming and expensive business, since the streaky and often warped broad-
sheet glass had to be ground and polished by hand. Sheets of cylinder-blown glass
moreover had the disadvantage of being relatively small. With the invention of casting
glass onto a table (French: coulage or coulée sur table; German: Tischgussverfahren)
around 1688,%8 the French achieved a decisive technical breakthrough. With this new
technique it was possible to produce large sheets of glass that could be used to glaze
big window openings and to make tall continuous mirrors (Fig.5). In order to obtain
plate-glass quality however, the thick cast sheets had still to be polished manually on
both sides. Smooth and lustrous plate glass was a luxury in great demand among the
rich upper classes and was twice as expensive as blown plate or crown glass.?®
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5 ‘Manufacture des glaces’' (manufacture of plate
glass), Denis Diderot and Jean le Rond d'’Alembert,
L’Encyclopédie ou dictionnaire raisonné des sciences,
des arts et des métiers: Recueil de planches, sur les
sciences, les arts libéraux, et les arts méchaniques,
avec leur explication, vol. 4, plate XXIV, Paris, 1765,
Bibliothéque Mazarine (cote 2°3442).

Palm Houses, Train Stations and Department Stores: Mass Production
and the Large-Scale Use of Sheet Glass in the 19th Century

During the 19th century, several developments had a significant impact on the glass
industry and the cost of sheet glass: the introduction by Ernest Solvay (1838-1922) in
1864 of a new and more efficient process for the industrial production of soda, one of
the most important raw materials for glass production; better transportation through
the expanding railway network; and the switch from coal to gas firing. One ground-
breaking invention however changed glass production in a particularly lasting way: the
development of the continuously operating tank furnace by Friedrich and Wilhelm
Siemens in 1861.%° The furnace was no longer wood-fired but gas-fired, and the waste
heat was recovered using the regenerative process. These developments made glass
production much cheaper, more efficient and cleaner, and allowed the standardized
mass production of sheet glass (Fig.6). These innovations did not bring abrupt changes
however, and the industry’s success continued to depend strongly on craftmanship,
an intimate knowledge of the material, and the transfer of this know-how.*'
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‘Porteuses de canons', Verreries de Jumet, Jumet (Belgique), c. 1900, Musée du Verre de Charleroi, Collection

iconographique (CP 118).

18

New construction methods and building materials (steel, cement) combined with low-
er prices for sheet glass opened up completely new paths and possibilities for archi-
tecture. An important field of experimentation was the construction of greenhouses

and exhibition halls, which was promoted especially in England. The Crystal Palace

built by Joseph Paxton (1803-1865) for the Great Exhibition in London in 1851 caused

a sensation. Glass also became increasingly important in the construction of market

halls, train stations, shopping arcades and department stores, with their large display
windows.%2

The invention of rolled plate glass by James Hartley (1810-1886) in 1838 led to the de-
velopment of figured glass (French: verre imprimé; German: Gussglas or Ornament-
glas).® This technology (English: rolling; French: laminage; German: Walzglasver-
fahren), which consists of passing the still-viscous cast glass sheets through a set of
rollers engraved with negative patterns, allowed decorative glass to be applied in a wide
variety of contexts in the second half of the 19th century, shaping the appearance of
front doors, staircases and bathrooms until well into the 20th century (Fig. 7). > Emma
Groult The emerging hygiene movement, and the first efforts to build bright and
well-ventilated homes, are reflected in the production of ingenious inventions such as
verre perforé (English: perforated rolled plate glass; German: perforiertes Walzglas).

Sophie Wolf and Laura Hindelang



Glass by the Metre: The Invention of Drawn Sheet Glass and Its Manifestation
in Modern Architecture

Architectural experimentation and technical innovation in glass production continued
to stimulate each other.?* At the beginning of the 20th century, the production of broad
sheet glass was improved by the replacement of the human lung with compressed air;
this allowed glass cylinders up to 12 m in length and 80 cm in diameter to be drawn
directly from the melting tank.®®

In Belgium and the USA, several men were already working on a new method that
would allow a continuous sheet (or ribbon) of glass to be drawn from the melting tank
and would—once again—significantly simplify production and reduce the price of flat
glass.®® Two patents for the new technique were filed almost simultaneously. In 1902,
Emile Fourcault (1862-1919) obtained the first patent on a ‘Method of and apparatus
for drawing continuous sheets of glass’ that he had developed with Emile Gobbe
(1849-1915), but which soon became known as the ‘Fourcault process’.?” Two years
later, Irving W. Colburn (1861-1917) and Edgar Washburn (dates unknown) filed a patent
for a similar invention, which would go down in history as the ‘Libbey-Owens process’®®
In the Fourcault process, liquid glass is pushed through an elongated clay nozzle
known as a debiteuse (French: débiteuse; German: Ziehdliise) that sits in the melting
tank, and is drawn vertically upwards between pairs of rollers; the ribbon cools on its
way up to the top of the drawing line, where it is cut into rectangular sheets of the
desired dimension (Fig.8a). In the Libbey-Owens process, the glass ribbon is first
drawn vertically and then horizontally over rollers into a lehr (annealing) oven (French:
four de recuisson; German: Temperofen). In 1928, the Pittsburgh Plate Glass Company
successfully combined the two drawing processes (the ‘Pittsburgh process’). In 1935,
Erie-Electroverre in Romont (Switzerland), switched from gas to electricity by installing
the first four électrique (Fig.8b).

Machine-drawn sheet glass began to be manufactured in the 1920s and dominated
the marketin the USA and Europe until the 1960s. The new process brought previously
unimagined possibilities, as it liberated window glass from earlier size restrictions and
made the fast production of large quantities possible. Thanks to the introduction of the
Bicheroux process (1918), plate glass continued to be made on a large scale, for exam-
ple at Saint-Gobain and in Pittsburgh.® It was more expensive, but of much higher
quality than machine-drawn sheet glass, and used—among other things—for the
windscreens of Ford cars.*® Plate glass with an integrated steel mesh, so-called wired
glass (French: verre armé; German: Drahtglas), also emerged as an early security
glass.

The larger dimensions, the greater availability and the better transparency of machine-
drawn sheet glass and plate glass stimulated new architectural designs.*' Large hori-
zontal bands of windows in thin metal-frame profiles became a characteristic of the
Neues Bauen.*? The use of glass became synonymous with modernist discourses on
clean and healthy working and living conditions based on the circulation of fresh air,
daylight and the sun.®®
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7 Verrerie de Saint Gobain et de Jeu-
mont, Album des principaux modéles de
verre: Produits spéciaux en verre coulé,
around 1915-20, samples of rolled plate
glass, cardboard, 28.4x17.7 x 8 cm,
collection of the Vitromusée Romont
(VMR 738).
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8a Schematic illustration of the Fourcault process at Electroverre Romont (Switzerland).
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Moreover, the idea of the ‘glass house' resonated widely with the avant-garde, and not
only with well-known male protagonists but also with many female artists, architects
and writers.** It resulted in innovative displays for glass companies, such as the ‘Glass
House' by Bruno Taut (1880-1938) at the Deutsche Werkbund exhibition in Cologne
(1914) that showcased glass bricks and other products of the Luxfer-Prism Company;*®
or the glass-clad office towers as visualized by Ludwig Mies van der Rohe (1886-1969)
in his designs for a high-rise building to a polygonal plan at Friedrichstrasse, Berlin
(1921).%¢ Others considered glass the material of choice not only for windows and
fagades, but also for entire interior designs; unearths the history of
the spectacular glass house (1924) of celebrity hairdresser Antoine de Paris.

The Road to Float: Technological and Architectural Developments
in the Post-War World

For much of the 20th century, the leitmotif was the total ‘dissolution’ of walls and
windows into entire glass fagades.*” The curtain wall (French: mur-rideau; German:
Vorhangfassade)—consisting of a non-load-bearing glass wall fixed to the outside of
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8b Manufacture of drawn glass at Erie-Electroverre, Romont, second quarter of the 20th century, gelatine silver print,
158x 178 mm (EVR 22_1).
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the structural framework of a building (skeleton)—converted this leitmotif into reality:
the demise of the load-bearing function of fagades enabled their opening-up and
dematerialization into light and transparent surfaces.*® Early iconic examples of curtain
walls are the Fagus Works (1911-1925) designed by Adolf Meyer (1881-1929) and Walter
Gropius (1883-1969) and the Bauhaus in Dessau.*® Until well into the 1960s, machine-
drawn sheet glass was the main architectural glass, with the market divided techno-
logically (in 1950) into 70% Fourcault, 20% Libbey-Owens, and 10% Pittsburgh.5°
Curtain walling, often employing tinted sheet glass, went hand in hand with a new
architectural aesthetic on the outside, and with the open floorplans on the inside that
became popular in high-rise office buildings in the post-Second World War period in
Europe, the USA and elsewhere. In 1952, New York’s Lever House set the standard for
the prestige architecture of large industrial corporations and their choice of glass
facades to express ‘symbolic transparency’.®

The success story of glass-clad high-rises is not only linked to the curtain wall and
capitalism, but also to the introduction of the float-glass process (French: procédé de
fabrication de verre flotté; German: Floatglasverfahren). This is an endless process in
which molten glass is continuously fed from one side onto a bath of liquid tin. The re-
sult is a flawless, transparent and completely smooth sheet glass more than 2.5 m
wide. The glass does not need to be post-processed. Thanks to its relatively low pro-
duction costs, the flexibility in thickness and length of the glass sheet, and its impec-
cable quality, float glass superseded more expensive plate glass and machine-drawn
sheet glass and came to be used very widely for window glass as well as for mirrors,
windscreens and many other applications. Alastair Pilkington (1920-1995) is usually
credited with inventing the process in the 1950s, but in reality the basic idea goes back
to William Heal, who was granted a patent for his invention as early as 1902 (Fig. 9).%?
Pilkington however had the courage and ability to develop and implement the process,
thereby paving the way for the commercial production of float glass. Production start-
ed in 1966 at Pilkington Brothers in St Helens (England).5® The company subsequently
granted licences to other sheet-glass manufacturers around the world. Yet the produc-
tion of colourless and transparent float glass was far from being the only field of activ-
ity among producers of flat glass: the industry also experimented creatively with the
medium'’s aesthetics, launching products like the coloured-glass Emalit® panels pro-
duced by Saint-Gobain in 1958. Orange and
bluish tinted sunscreen glass became ubiquitous in 1960s and 1970s European archi-
tecture and today poses many challenges regarding its long-term performance and
renovation possibilities.

Technical requirements and practical issues have also played a rGle in stimulating pro-
duction and have led to the development of special glass-treatment techniques and a
near-endless variety of glass types. New safety standards (to counter breakage and
injury), for example, have been met through the development of toughened and tem-
pered plate glass (French: verre trempé; German: Einscheibensicherheitsglas or ESG)
and, from the 1950s onwards, of laminated safety glass, a composite of two or more
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No. 710,357, Patented Sept. 30, 1902,
W. E. HEAL.
MANUFACTURE OF WINDOW AND PLATE GLASS.
(Application filed Jan. 85, 1602.)
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tempered glass sheets joined by an elastic polymer film (French: verre de sécurité;
German: Verbundsicherheitsglas or VSG).

New Coating Techniques and Smart Glass: Developments Since the 1970s

In the second half of the 20th century, increasing requirements and tougher standards
around building insulation and work safety led to the rapid spread of multi-pane insu-
lating glass and safety glass, and accelerated the development of new techniques of
glass processing and finishing intended to modify and enhance the thermal, mechan-
ical and optical properties of sheet glass. Techniques include new approaches to heat
and chemical strengthening (toughened and tempered glass), heat-bending (simple
ordouble curved glass), tinting or colouring (tinted or coloured glass), and etching and
sand-blasting (obscure glass). Decisive progress was made with the coating of glass
with thin films of metals and metal compounds. Glass coating allowed the production
of sheet glass with anti-reflection, anti-condensation as well as self-cleaning proper-
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10 Headquarters of Qatar Central Bank (formerly Qatar Monetary Authority) on the Doha Corniche (Qatar), 2016.
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ties and opened up many new applications, such as thermal insulation combined with
solar control.

The latest invention is so-called ‘smart glass’, a term used to describe glass that can
change certain properties, such as transparency or sound absorption. The generic
term comprises various techniques and fields of application. Depending on the design,
smart glass can, for example, be used as protection against the sun (with the glass
remaining transparent) or take on the function of privacy protection (with the glass
becoming opaque). Light transmission can be modified by applying an electrical volt-
age, by heating, or by changing external light conditions.

All these developments have led to an incredible variety of flat glass in terms of func-
tion and application, as well as to new forms of aesthetic expression. The diversity of
sheet-glass products, in combination with new mounting techniques and synthetic
seals substituting putty, promise seemingly unlimited design and application possibil-
ities. Tinted and mirror-glass fagades have spread across the world, becoming the
face of a global building trend (Fig. 10).5* New methods of fixing and suspending glass
fagades such as structural sealant glazing, point-fixing and cable net walls, to name
but a few milestones, have become today’s standard.®®

Over recent decades, the number of safety regulations and energy requirements for
building components has steadily increased and helped double and triple glazing

Sophie Wolf and Laura Hindelang



11 Disappearing hertitage: removal and destruction of the historic windows of a 19th-century house in Zurich

(Switzerland), 2014.

achieve a breakthrough. The numerous norms for energy conservation and protection
against sun, sound, fire and breakage, as well as the great variety of glazing types, not
only represent a major challenge for architects and engineers, but also confront mon-
ument conservators and restorers with new problems.

Disappearing Heritage: The Challenge of Preserving and in situ Restoration
of Window Glass

Today, we often consider glass a cheap everyday, ‘throwaway’ material; historically,
glass was an expensive and much-valued building material, and each plate or sheet
was unique. Glass has also defined our view of the outside world. We might see the
world through wavy, bubbly or highly polished glass. The loss of the historically evolved
diversity of flat glass should not be taken lightly from a historical or sociocultural per-
spective. Research and teaching should therefore also give a more prominent réle to
glass in architectural history.

In fact, much historical architectural glass is currently under threat owing to the reno-
vation and conservation of architecture in line with new energy standards such as
Minergie® or the changing lifestyles of houseowners and users. In the strong trend
towards the thermal insulation of buildings, original windows are often the first thing
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to be replaced (Fig. 11). At the same time, and somewhat paradoxically, ‘new glass’ has
become the prime material in preventive conservation of entire or partial sections of
historical buildings and monuments. = Melchior Fischli

The in situ conservation and preservation of historical architectural glass, whether
medieval or modern, is very challenging.5¢ The closure of many glassworks across
Europe and the USA, the loss of knowledge and know-how regarding manual or me-
chanical glass manufacturing, and the rarity or rather the lack of appropriate historical
glasses have rendered the restoration of architectural glass a difficult task. Practi-
tioners in the field of architectural history, restoration and conservation have dis-
cussed and promoted best practices in the in situ handling of historical glass in the
form of small handbooks or leaflets since at least the 1970s. = Isabel Haupt As one of
the latest efforts in this regard, a research team at the University of Bamberg and the
Fraunhofer Institute for Building Physics has been investigating practical solutions for
improving the energy efficiency of historic glass windows. = Paul Bellendorf et al.
Researchers from the Landesamt flir Denkmalpflege Baden-Wirttemberg report here
on their work at and the success achieved in preserving insulated glass panels with
glass-paintings at a swimming pool in Stuttgart-Feuerbach (Germany) dating from the
late early 1960s. = Dunja Kielmann and Angelika Reiff

Finally, from an ecological perspective, the reparability and recyclability of the ubiqui-
tous post-1950s double glazing has become an especially pressing issue. = Esther
Geboes, Waldo Galle and Niels De Temmerman show that insulated glazing (French:
double vitrage or vitrage isolant; German: Mehrscheiben-Isolierglas) is almost never
recycled, but instead downcycled or put into landfill. The authors therefore evaluate
sustainable life-cycle approaches as potential alternatives to this throwaway practice.®”

Looking Back and Ahead: In Search of a Common Terminology

‘Glass in architecture’ has already been the subject of several conferences and publi-
cations, butinterest in the topic seems constant.5® The high attendance and the lively
and stimulating discussions at our 2021 conference in Romont made this clear once
again.®® It showed that this multifaceted topic can almost overcome the often still-
deep-seated divide between the humanities and the natural sciences. The conference
also revealed some deficits, especially regarding a common terminology in the field of
(flat) glass technology. To date, there is no official online dictionary specific to glass
technology and the glass arts. The various existing glossaries and vocabularies are
not multilingual and usually not online. The desire to link the increasing number of
online databases and other online resources only accentuates this problem, since this
lack of standardization prevents the networking of platforms on a technical level. The
problem does not only exist in the field of glass art. Indeed, with the digitalization and
especially the pooling of resources in the field of conservation and cultural heritage
(for example, Europeana), the need for common vocabularies becomes inevitable. In
a pilot project initiated by the International Scientific Committee for the Conservation
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of Stained Glass (ISCCSG) and the Vitrocentre Romont, the technicalities and various
options for online publication of this multilingual thesaurus are currently being explored;
publication via the online database of the Vitrocentre Romont (www.vitrosearch.ch)
will also be discussed and tested.°

We hope that this publication will continue to stimulate exchange—as the conference
did—not only across language and national borders, but also between the different
disciplines of art history, architecture, the archaeological sciences, technology, con-
servation and restoration.
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FROM FRANCE TO FRANCONIA
THE TECHNICAL INNOVATION
OF CROWN GLASS

Alexandra Schmolder

Abstract

The lack of colour in clear window panes may be a reason for not paying much attention to
their manufacturing techniques. In contrast to the cylindrical-sleeve process used for Gothic
stained-glass windows, the crown-glass method for clear panes is seldom discussed in Ger-
man glass literature. Furthermore, misleading and contradictory definitions have caused con-
fusion. There is also little awareness of the fact that crown glass was produced on a large
scale in Franconia, a region in southern Germany.

The crown-glass technique required a team of skilled glass-makers who were able to produce
large-sized flat discs with a fire polish. These discs had to be cut into angular shapes that were
then assembled to form a window. Knowledge of this technique will entail a new approach to
evaluating and dating flat glass, as the angular shape of the finished product leads to its being
easily mistaken for cylinder glass.

The manufacturing technique is well illustrated in a number of etchings published in the
French encyclopaedia by Diderot and d’Alembert. There is however no German translation of
the associated explanatory texts. The first German description of the crown-glass method only
appeared in 1818. Recent monographs on Franconian glass-houses in the region of the Spes-
sart Mountains and Steigerwald not only provide evidence for the production of crown glass,
but also reveal a transfer of knowledge from France to Germany.

With a growing awareness of crown glass, the number of findings documented in Germany
will hopefully increase. Only recently, crown glass was discovered in St Michael's monastery,
Bamberg. Since this specialized technique is no longer in use in Germany, finding adequate
replacement glass is a challenge facing heritage conservation experts.

Keywords

Crown glass, roundel, window pane, historic glass production, Franconia

Historic windows in secular buildings have long been the focus of heritage conserva-
tion as they are regarded as important architectural elements. The construction of
window frames, especially when it comes to restoration and improving energy efficien-
cy, is closely considered, and ideas for adapting to modern energy standards are dis-
cussed. Yet the types of glass and even less their manufacturing methods are not
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taken into account or mentioned. There is little consideration for historic glass in sec-
ular buildings where colourless glass predominates. When panes were installed, their
functionality was defined to a significant extent by the clearness and transparency of
the glass: the less the glass impaired the view, the better. As a result, clear transparent
glass is generally not noticed. Apart from the alleged unattractiveness of colourless
glass, there is great uncertainty about the production methods of historical window
glass dating from the Middle Ages up to modern times, in particular in German glass
literature, where contradictory explanations are common.

There are basically two different ways of producing window glass by means of a blow-
pipe. The first method requires the blowing of a cylinder that is later slit open to create
a pane. This cylinder-sleeve process, known from Gothic stained-glass windows, is well
documented. It remained an important technique throughout the centuries and was
only replaced in the 1920s by the new industrial drawing process. In the second meth-
od, instead of a cylinder, the starting point is a blown sphere that is opened and spun
into a flat disc. Diameters however can range widely, from 9 cm to 150 cm. In this article,
small discs (9-12 cm) are referred to as glass with a bull's eye due to its thickened mid-
dle or simply as roundels (German: Butzenscheiben) and are considered to be finished
products in themselves.! To obtain a large, crown-glass disc (German: Mondglasschei-
be or Mondglas, which literally translated means ‘moon glass panel’ or ‘moon glass’),
completely different handling is required, and the resulting end products are not round,
as the disc was usually divided into angular shapes.?2 The crown-glass technique
was particularly widespread in France and Great Britain until about the middle of the
19th century, but in German glass literature the technique is often confused with the
production of glass with a bull’'s eye and it is not widely known that crown glass was
produced in considerable quantities in Franconia, Southern Germany, for use in both
ecclesiastic and secular buildings. Thanks to Werner Loibl’s extensive publications, the
introduction of crown-glass production in Germany can be reconstructed.® This is a
significant consideration in any monument-conservation assessment.

One of the reasons for the confusion about roundels and crown glass goes back to a
semantic curiosity in the German language. The original meaning of the German word
Scheibe is something circular. Accordingly, a Glasscheibe initially referred to a round
piece of window glass.* In contrast, a rectangular pane was called a Glastafel or Tafel.®
By the 19th century, however, when round forms had gone out of fashion and were no
longer commonly produced for urban windows, the meaning of G/asscheibe had shift-
ed towards rectangular panes. The term Fensterscheibe or Glasscheibe took over and
became the common expression for all window panes, despite the fact that they are
rarely circular in shape.

The technique for producing roundels for glazing windows originated in the Middle
East and became fashionable in Venice in the 14th century. Known in Germany as
venedisch scheyben (‘Venetian panes’),® they were sought-after products because of
their transparency, colourlessness and brilliance. In Germany in the 15th and 16th cen-
turies, it was still difficult to produce glass without a tinge, as too many impurities
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Production of a roundel; anonymous drawing, published in Lerner 1981, p. 75.

existed in the raw materials and access to sodium-based fluxes was limited. Italian
glass-workers were therefore hired to help imitate the Venetian manner and reveal the
secret, though this did not really lie in the technique, but rather in the availability of
better raw materials. The reference to venedisch scheyben soon lost its meaning of
glass originating in Venice. In Germany, roundels appear as urban window glazing
from about the late 15th century until well into the 18th century in rural areas.” The tech-
nique itself did not require special skills. Glass-makers familiar with making vessels
could easily produce small discs with diameters between 9 cm and 12 cm and a thick-
ness less than 1 mm. After blowing a hollow glass globe, a punty is attached to the side
opposite the blowpipe (Fig. 1).8 The blowpipe is then cut off, leaving a hole in the glass
globe, which is widened by spinning the punty. Centrifugal force not only flattens the
glass but is also the reason for circular streaks on the finished glass. At the same time,
the rim of the glass is turned in a manner similar to the way in which the feet of drink-
ing glasses are made, adding stability to the glass disc. Finally, the punty is removed,
leaving a characteristic scar in the middle, known as a bullion or bull's eye (French:
boudine, German: Butzen, hence the name Butzenscheibe for this type of glass).
Due to the small size and extreme thinness of less than 1 mm of the roundels, cooling
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off could take place in hot ash either inside or outside an annealing oven.® In the
16th century, a single glass-maker was able to produce up to 600 roundels a day,™
a quantity, for pre-industrial days, that almost resembles mass-production standards.
In 1645, Castle Friedenstein in Gotha received a load of 44,000 pieces and 8,000 coins
for the spaces between the circles.™ As roundels were finished products, they could
easily be transported from the glass-house to the glaziers, who would then mount
them with strips of lead in regular or irregular rows to build a window. A good impres-
sion of how Butzenscheiben were used is given in paintings by Albrecht Diirer,'2 Lucas
Cranach' or Mathias Griinewald," demonstrating a particular, perhaps new interest
in this type of window in Germany.

In German glass literature there is a widespread opinion that a Butzenscheibe is the
middle part of a crown-glass disc. This belief has persisted since the 19th century up
to the present day,’ as there are certain similarities in production and both have a
bullion in the middle. Not surprisingly, the terms Butzenscheiben and Mondglas are
often used as synonyms,'® and crown-glass discs can indeed be regarded as oversized
roundels. The decisive difference between the two types lies in the way they are used.
Furthermore, the production of large-sized discs could not be handled by a single

Alexandra Schmélder



Production of crown glass: reheating
the opened glass globe, widening the rim
with the help of an assistant; plate XIV
from Diderot/d’Alembert 1772.

Production of crown glass: spinning
the opened glass globe into a flat disc;
plate XV from Diderot/d’Alembert 1772.

Production of crown glass: cooling of
the disc in hot ash to remove the punty,
transfer of the large disc to an adapted
annealing oven for further cooling; plate
XVI from Diderot/d’Alembert 1772.

glass-maker, but needed a well-coordinated team of specialists. Last but not least, the
large size of the discs required an adaptation to the openings of the main oven and the
annealing oven (Fig. 4).

Itis not known how the idea of producing large-sized glass discs came about. It may
have derived from the wish to improve the transparency of the glass, which was inhib-
ited by the bullion. The large diameter of a crown-glass disc provided wide areas of
clear glass adjacent to the bull's eye. The thickened middle part itself, however, was
usually discarded and recycled."” The streaks characteristic of the process were elon-
gated and less disturbing.' Furthermore, the brilliant lustre of crown glass was much
appreciated. Unlike in the cylinder-sleeve process, where the glass had to be flattened
on a metal or glass plate, neither crown glass nor roundels came into contact with any
other surface, and they therefore obtained a natural fire polish. High quality and lustre
contributed to the fact that crown glass was produced in Germany until the middle of
the 19th century, when the availability of large rectangular formats from the cylin-
der-sleeve method displaced it.

The crown-glass method is well illustrated in a series of engravings published in vol-
ume X of the French encyclopaedia by Diderot and d’Alembert in 1772 (Figs. 2-4)."
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Cutting of a crown-glass disc into half-moons, either along two parallel lines (right) or two lines meeting at a point

(middle), in order to cut out the bull's eye and obtain one or two smaller pieces or one large rectangular piece, with the
rest cut into further shapes, as shown on the left; pattern according to Tabor 1818, table V, annex.
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These engravings still feature in German glass literature even today, despite the fact
that no German translation of the explanatory texts is available.?°

For the production of crown glass, a team of at least three skilled glass-workers is

necessary. One of the workers, usually the least experienced, begins with the gather-
ing of molten glass mass from the oven using a blowpipe. Outside the oven, the glass

cools down over a water-filled basin and is shaped into an elongated ball with the help

of a special wooden plank or mould. The glass-maker repeats the gathering and cool-
ing-down process up to five times, each time lifting more weight onto the blowpipe,
until the required amount of glass is obtained. All the time he is constantly turning the
pipe so as not to lose any glass. Once this work is done, the glass-blower takes over
and inflates the glass mass into a hollow bubble, forming a special ‘nose’ where the

punty will be attached. The task of turning and blowing simultaneously while also
shaping the glass globe is the most difficult part of the process, requiring a lot of ex-
perience, skill and strength. In fact, human lung power and physical strength set a

limit to the final size of the disc. When the punty is fixed with the help of an assistant,
the sphere is opened and the opening widened. Lastly, the master glass-blower finish-
es off the process, spinning the punty quickly and with great strength to form a flat disc.
The disc must then cool off in a mould of hot ash before the punty is removed and the

disc safely transferred into an annealing oven with a mouth large enough to fit the disc.
Towards the end of the 18th century, 150 up to a maximum of 200 discs were assembled

in one oven.?!

After the cooling process, which took around two days in winter and three or four days

in summer,?? the glass discs were cut into pieces,? initially along two straight lines to

either side of the bullion (either in parallel or at an angle to each other), producing two
half-moon shapes from the disc. Whereas the French glass-houses preferred to sell

whole discs, in Germany half-moon shapes came on the market and were referred

to as Mondscheibe or Mondglas.?* According to a pattern published by Carl Wigand

Tabor (Fig. 5),2° a former director of a crown-glass manufacturing company in Franconia,
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Crown glass used for the hexagonal glazing on the south side of the choir of St Michael’s, Bamberg.

these half circles were further cut, where possible, into large flawless rectangular
pieces.? The rest of the glass was cut into other forms, predominantly hexagonal
shapes; 23-24 large discs could yield approximately 1,000 hexagonal pieces.?” Today,
many Baroque churches still give evidence of a preference for the hexagonal shape. It
was an advantage that these hexagons could be mounted without any gaps, in contrast
to circular shapes. Recently, hexagonal panes of crown glass were identified during the
renovation work at St Michael’s monastery in Bamberg, owing to its typical, fire-polish
lustre (Fig. 6). The use of cut crown glass also means that a rectangular pane can de-
rive from what was originally a round shape. Indeed, the crown-glass method consti-
tutes an alternative way of producing a Tafe/ alongside the cylinder-sleeve method.
This is an important consideration when looking at historic windows.

The cradle for the production of colourless roundels in Europe is located in either
Venice or in Normandy, where some of the earliest examples, dating to the late
13th century, were found in Rouen.?® The invention of crown glass is also thought to
have occurred in Northern France. For some time, it was attributed to Philippe Caqueray
(also Cacqueray), who apparently worked in this region in the 14th century.?® This theory
was however disproved by Jean Lafond®® and is now generally not recognized.®' Never-
theless it can be said that a centre of crown-glass production was already well estab-
lished in Normandy by the end of the 17th century, when France was the leading force
in Western Europe in terms of glass production. Above all, innovations to improve the
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manufacture of mirrors took place there, resulting in the foundation of the famous
Saint-Gobain manufactory in 168822 to satisfy Louis XIV's growing demand for luxury
at his castle in Versailles.

Inspired by visits to French mirror manufactories in 1685, Landgrave Friedrich Il of
Hessen-Homburg decided to establish a similar one on his estates along the road
connecting Berlin and Hamburg.?® He chose Neustadt an der Dosse in Brandenburg,
about 100 km northwest of Berlin, as a suitable location. There, in 1695, a troop of glass
specialists consisting of Germans, Frenchmen and Englishmen came together with

the aim of producing mirrors.®* Among them were also specialists in making crown
glass who had become unemployed in France when royal glass manufacturies were

given priority for specialized glass products.®® After only three years of activity, how-
ever, the mirror-glass factory in Neustadt an der Dosse was closed for political rea-
sons. The glass specialists dispersed throughout Germany, some taking over a dis-
used glass-house in Rechtenbach in the Spessart Mountains in Franconia, a forested

area east of Frankfurt am Main belonging to the principality of Kurmainz. This region

had been a centre for glass production since the 12th century.®® Guillaume Brument
and Pierre Bernard de Saint-Pierre gathered a group of glass specialists with the aim

of providing exclusive mirrors as well as quality window glass for local aristocrats.
Together with the new French casting method, they introduced the French crown-
glass technique to Franconia. Written sources are not clear as to when exactly the first
Franconian crown glass was produced, although it is believed to be around 1700 in

Rechtenbach near Lohr, in the Spessart Mountains.®” Soon, in 1716, the French experts
founded a specialized crown-glass manufactory in Weibersbrunn, also near Lohr. It
became famous for its quality products for nearly 100 years, and its output was con-
siderable.® For example, itis documented that 4,000 hexagonal pieces from Lohr were

delivered to the Spitalbau in Bamberg.*® In 1733/34, some of the glass-workers moved

on to be employed in Fabrikschleichach, in the Steigerwald region between Bamberg

and Wirzburg, in the eastern part of Franconia. Balthasar Neumann (1687-1753), chief
architect and engineer under Lothar Franz von Schonborn, had founded a glass manu-
factory there to ensure the production of high-quality window panes for his numerous
building projects. It is documented that until 1755 window glass for Balthasar Neu-
mann’s castles in the Rhineland came from the Steigerwald.*°

Reference to France is expressed in the product name Franzen-Scheiben,*' discs

made in the French manner, which is used in literary sources alongside the expression

Lohrer Scheiben,*? which refers both to the place of manufacture and to glass’ quality.
The origin of the English term crown glass, however, is less straightforward. According

to McGrath/Frost, ‘the credit for the introduction of crown-glass manufacture to Eng-
land is claimed for the Bear Garden Glasshouse which between 1678 and 1691 was

worked by John Bowles’*® Bowles is said to have acquired the secret of making crown

glass in Normandy by some sort of espionage, butit is likely that the crown-glass tech-
nique had already been introduced into England before. Nevertheless, the term ‘crown

glass’ is linked to John Bowles, as a crown was embossed at the centre of each pane
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that left the factory.** Apparently, the French crown-glass technique was much sought
after, not only in Franconia.

The production of high-quality crown glass was adopted by and well established in
several Franconian glass-houses over the course of the 18th century. Yet while crown
glass is documented in literary sources, extant crown-glass products remain to be
identified. Knowledge of another way of producing rectangular window panes apart
from the cylinder-sleeve method will increase the awareness of heritage conservators
when they assess historic glass windows in the future. Today, the ability to produce
large-sized crown-glass discs has been lost. Only discs with small diameters of around
30 cm can be achieved, which begs the question as to how crown glass might be ad-
equately replaced.

1 Tutton and Hirst explicitly suggest the use of the term roundels in contrast to crown glass

(Tutton/Hirst 2007, 136-137).

For the terminology, see Loibl 2003.

Relevant for this article are Loibl 2003, 2006, 2012a.

Also called a gemeine Scheibe. See Loibl 2003, 104, and Loibl 2006, 708.

Mathesius 1562, 278r-278v; Kriinitz 1788, 762.

Frenzel 1973.

See Tabor 1818, 111.

No contemporary German source explains the technique in the 15th century. Agricola 1556,

506-08, gives us a preliminary idea.

9 Loibl 20086, 711.

10 lIbid., 709.

11 Lietz 1982, 96-98, mistakenly speaking of Friedrichstein.

12 Albrecht Durer, St Jerome in his Study, 1514, engraving, Albertina, Vienna.

13 Lucas Cranach the Elder, The Payment, 1535, Nationalmuseum, Stockholm.

14 Mathias Griinewald, St Antony, Isenheim Altarpiece, 1512, Musée Unterlinden, Colmar.

15 Merck/Beythien 1922, 139; Plett 1935, 9; Volckers 1939, 25; Jebsen-Marwedel 1960, 21; Merten
1954; Bundesdenkmalamt Osterreich 2015, 145. See also the information board in the Deutsches
Museum in Munich on making a window with roundels.

16 Bowles 1833, 79; Jaschke 1986, 49-51; Lerner 1981, 71.

17 In some cases, it was used for lanterns or low-quality windows.

18 Tabor 1818, 112, speaks of a few streaks.

19 Diderot/d’Alembert 1772.

20 Spoerer/Busl/Krewinkel 1988, 25. The best German summary of Diderot/d’Alembert’s explana-
tion can be found in Loibl 2012b, 469-501. See also Tabor 1818, 111-155.

21 Tabor 1818, 148.

22 |bid., 149.

23 There are few exceptions; see Loibl 2012b, 498.

24 Tabor 1818, 111.

25 |bid., figs 130-132, table V, annex.

26 |bid., 1818, 150.

27 |bid., 151-52.

28 Strobl 1990, 61.

29 Schulz 1928, 48; VVolckers 1939, 25; Jaschke 1986, 49-51.

30 Lafond 1969.

31 Strobl 1990, 62; Loibl 2003, 104.

32 Loibl 2010, 83.
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33 Loibl 20123, 87.

34 Ibid., 87.

35 |bid., 86.

36 Krimm 1988, 112.

37 Loibl 2012a, 292.

38 Tabor 1818, 151-52.

39 Petzet 1990, 431.

40 Loibl 20123, 546.

41 Loibl 2002, 216-17.

42 \Wolfgang von Goethe noticed Lohrer Glas in a tavern in Heilbronn; Loibl 2012a, XIX.
43 McGrath/Frost 1961, 42; Barker 1960, 51.
44 |bid.
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SCOTTISH WINDOW GLASS
A NEW INDUSTRY IN THE 17TH AND 18TH
CENTURIES

Helen Spencer

Abstract

Window glass was first produced in Scotland from its raw materials in the early 17th century
CE. Up until then, there is only evidence for remelting glass to make small objects and no
direct evidence for the manufacture of window glass. Therefore, it is assumed that all window
glass was imported in sheets. It was only at the start of the 17th century that entrepreneurs and
glass-makers set up window-glass furnaces to supply the burgeoning local Scottish market.
This paper reviews the archival and archaeological evidence for window-glass manufacture in
Scotland from 1610 to 1750 and provides a summary of recent scientific analysis of window
glass from a range of domestic sites from this period. This adds to our knowledge of the reci-
pes of window glass and suggests that some innovative recipes were being used in Scotland
during the 17th century. Two of the early industrial glass-furnace sites have also recently been
excavated, and these investigations have shed new light on window-glass manufacture during
this period.

Keywords

Window, glass, Scotland, post-medieval, industry

Introduction

In Scotland, there is no definitive evidence for the manufacture of glass from its raw
materials until 1610, when a patent for glass manufacture was taken out by Sir George
Hay.! While there is some evidence that glass was recycled and remelted to make
small items, there is no such evidence for window-glass manufacture. It is therefore
likely that all window glass used up until the late medieval period was imported.

While the documentary evidence for glass production in Scotland from 1610 onwards
has been studied in detail,? there has been little work on the artefactual evidence or
scientific analysis of post-medieval Scottish window glass. It is only recently that more
detailed examination has been carried out, with scientific analysis being used to at-
tempt to distinguish between different glass recipes used for window glass through-
out the post-medieval period in Scotland.® This work of chemically characterizing
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A reconstruction drawing of the 16th-century Preston Tower House in East Lothian.

window glass from across Scotland made during the 17th and 18th centuries sheds
new light on the manufacture of window glass in Scotland.

The Use of Window Glass in Scotland

During the late medieval period, window glass was predominantly confined to eccle-
siastic and monastic buildings in Scotland.* Following the Reformation in the 1560s,
plain window glazing became more common, and window glass was used more fre-
quently in larger domestic buildings from the last quarter of the 16th century.® It has
been suggested that the ‘Little Ice Age'—a period of colder inclement weather during
the latter half of the 16th and the early part of the 17th centuries—encouraged those
that could afford it to glaze their homes to improve insulation.® During this period,
many Scottish “Tower Houses' were also built,” and many of these would have had
window glass installed (Fig. 1). Traditional domestic glazing utilized diamond quarries
set in lead cames, in a wooden frame, with wooden shutters used for the lower half of
the windows.® Contemporary drawings show properties such as Hamilton House in
1677 with glazing of this type (Fig. 2).

Window glass was still not common in the early 17th century. In 1636, an English visitor
to Edinburgh commented on the lack of glass windows in the High Street—where ‘few
or none’' could be seen.® However, by 1689 it is recorded that the newer houses in
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A drawing by Issac Miller of Hamilton Palace ¢.1677, showing shuttered lower windows with

diamond glass lozenges above.

Edinburgh were made of stone and had ‘good windows modishly framed and glazed'."
Only the wealthiest could follow the latest ‘English’ fashions, and many buildings
remained unglazed until the middle of the 18th century. Turnbull' reports that oiled
paper was still being used as late as 1732.

Importation of Window Glass to Scotland in the Late Medieval Period

From the 14th century onwards, window glass was being imported from Continental
Europe, specifically the glass-making regions of Normandy and Lorraine.’”? Some
coloured window glass also came from further afield, with one type of light-blue glass
likely being made in Germany.' Window glass is likely to have been imported via the
North Sea using established trading routes from ports such as Bruges and Antwerp to
the east coast ports of Leith, Perth, and Aberdeen in Scotland.' By the end of the 15th
century, glass was primarily being made in the Lorraine area of France, using a high-
lime low-alkali (HLLA) recipe. Lorraine seems to be the predominant source of the
cheap ‘white’ glass used in Scotland until the start of the 17th century, although
coloured glass was still imported from other regions.

The Book of Rates of Customs and Valuations of Merchandises of Scotland (1612) lists
five areas from where window glass was imported—Burgundy, Normandy, Rheinland,
Danzig, and also (for the first time) England.’® By the end of the 17th century, records
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suggest that most imported window glass was coming from England, specifically
Newcastle and London.'® However, window glass was now made in more significant
quantities in Scotland and locally made window glass competed with the imports.

The Manufacture of Window Glass in the Post-Medieval Period in Scotland

Early 17th Century

The archival evidence for early glass manufacturing in Scotland is covered in great
depth in Jill Turnbull's book The Scottish Glass Industry 1610-1750: ‘To Serve the
Whole Nation with Glass'."” Various industrialists and entrepreneurs dabbled in the
fledgling glass manufacturing industry.

The earliest record of the production of window glass in Scotland is of an Italian
glass-maker, John Maria del Aqua, making window glass for William Crawford in 1619.%8
The minutes of the English Privy Council report that Scottish window glass was being
exported to England in that same year, but claim that its quality was poorer than that
of English glass, as the Scottish glass-makers did not use ‘barilla’ (imported sodic plant
ash)." If barilla was not used to make window glass, then an alternative alkali source
must have been used by Scottish glass-makers.

Records from the Glass Commission of 1621 state that broad glass (cylinder glass)
made in the Kingdom of Fife at Wemyss was being exported, and stated that its quali-
ty was as good as that of Danzig glass, although it could have been thicker and strong-
er. By 1625, glassworks were in operation along the East Lothian coast between Mus-
selburgh and Cockenzie, at the sites of West Pans and Morison's Haven (Fig. 3). This
area was already home to salt pans and close to sources of both coal and sand, as well
as being on the shore of the Firth of Forth, allowing the easy import of raw materials
and export of finished goods. Edinburgh, just a few miles up the coast, was the largest
Scottish market for glass goods. Many of the glass furnaces established in Scotland
during the early 17th century were in operation for only a few years. They shut down
for a combination of financial reasons, a lack of skilled workforce, and the poor quality
of the product. There were ‘recurring problems of the projects being over ambitious,
inadequately researched and mainly initiated by entrepreneurs with little knowledge
of the technology of glass making’.2°

Late 17th Century

In 1661, the botanist John Ray records that on a trip from Dunbar to Leith he saw a
range of ‘glasses made from kelp, salt and local sand being made along the coast’?'
There is no mention by Ray of the use of imported barilla to make glass. A glassworks
was set up at Leith in 1663 employing glass-workers from the Dagnia family, and glass
continued to be made for over two centuries around Leith and nearby Newhaven. Bot-
tles, vessels, and window glass were all being produced at North Leith in 1678 by the
Henzell family from Newcastle. Raw materials were imported from a variety of sources,
including coal from Wemyss and Sheriffhall, sand from Musselburgh, and barilla and
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The Firth of Forth showing the glassworks up to 1750 with sources of supply mentioned in the records.

other ‘ashes’ from London. Kelp was also obtained from Bo'ness in West Lothian, while
the manganese required for the Leith glass-houses was purchased from the Scottish
mines at Leadhill.??

Sodic ashes were imported from the continent in the form of barilla and polverine
throughout the 17th century, however these were expensive and likely used to make
vessels.?® By the second half of the 17th century, kelp made in Scotland was also being
imported directly to London glass-houses. Analysis of glass waste from Vauxhall, Lon-
don from a furnace dated between 1681-1704 showed that kelp was now the main
source of the alkali although this may have primarily been the case to make bottles.?*

Early 18th Century

By 1707, there were at least three glassworks in operation in East Scotland—at Leith,
Morison’s Haven, and in Glasgow, where a bottle works had been created to serve the
growing market in the west of Scotland. The glass industry was competing directly
with other industrialized processes that required a cheap source of potassium-rich
alkali or ‘potash’. The development of a new ‘mixed alkali’ recipe was a result of using
arange of sodic and potassic ashes from varying sources.

Glass manufacture was re-established at Morison’s Haven around 1698. Turnbull
gives a full account of the plentiful documentary evidence for the ownership, manage-
ment, glass-workers, and numerous legal disputes related to this furnace.?® Daniel
Tittery, a glass-maker from Newcastle, was initially employed to take on the task of
producing broad window glass as well as bottles; the production of plate and ‘mirror’
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Pieces of glass waste excavated from the 1690s glass furnace at Morison’s Haven.

glass was also attempted.?® Recent chemical characterization of glass waste (Fig. 4)
from Morison’s Haven from the 1698-1727 period of activity found two types of glass.?”
The first was made from a soda-rich flux and high-quality sand with few impurities, and
was likely used to make plate glass or vessels. The second type of glass waste was a
mixed-alkali glass partially fluxed with kelp, which is most typical of early 18th-century
window glass.

By 1727, a furnace making window glass was in operation at Port Seton, just a couple
of miles east along the coast from Morison’s Haven. An invoice surviving from this
glassworks and dating to 1730 records the sale of window glass to Sir John Clerk
(1676-1755) of nearby Penicuik. The glass-house would have provided a market for
coal from mines around the Tranent and Winton Estates, while the window glass pro-
duced could have furnished numerous homes for wealthy Scottish landlords. The
co-partners involved in the Port Seton glass-house seem to have attempted to form a
monopoly on the Scottish kelp market, in a bid to rival the long-established win-
dow-glass works at Newcastle. However, there appears to have been problems with
the poor quality of local sand and coal from Tranent, as well as with the production of
the crucibles or pots made from local clay. Window-glass production at Port Seton
appears to have ceased as a result by 1735. Recent test pit excavations around the site
of this furnace have yielded glass and crucible waste, which will be the subject of
further research.
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A generalization of English window-glass types, adapted from Dungworth/Girbal 2011 and
Kennedy et al. 2013.

Compositional Analysis of Post-Medieval Window Glass

The English model

Compositional analysis of glass can be useful as a tool to understand more about the
recipes and technologies used to make glass and as a supplement to the archival re-
cords. Substantial analytical work of hundreds of samples of window glass has been
carried out in England resulting in a model that can be used to both characterize and
date window glass found in situ or on archaeological sites.?® This is summarized in
Fig.5.2°

In England, a glass rich in potassium known as ‘forest glass’ was made until 1567, and
although other types of glass were imported in small quantities, this ‘forest glass’ type
predominates. There was an abrupt change in the composition of window glass in
England around 1567, when ‘forest glass’ ceased to be produced and was replaced by
a high-lime, low-alkali glass (HLLA1). This change has been attributed to Huguenot
glass-makers who arrived from France, initially settling in the south and south-east of
England, seeking asylum, and bringing with them this recipe for an HLLA glass.*° Be-
tween 1567 and 1615, window glass in England used this new HLLA1 recipe. It was
made using hardwoods and is identified chemically by having high levels of calcium as
well as levels of manganese (which was added as a decolourant) above 1%. The intro-
duction of coal-fired furnaces at the start of the 17th century coincides with another
change in glass composition.?' The addition of large amounts of manganese to decol-
our the glass was no longer required, as more careful control of the furnace conditions
enabled the production of lighter tints of glass without the need for a decolourant.
The change of fuel to coal in 1615 also reduced the amount of readily available wood
ash—some of which was likely to have been recycled directly from the ash produced
from burning wood to fuel the furnaces. It was therefore imperative that other sources
of cheap alkali flux were found. In England, glass waste from a mid-17th century coal-
fired furnace at Haughton Green, Lancashire, was analysed and found to be HLLA2,
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Site Region Type Date {C)
Cramond Tower Midlothian Tower House 15™- 18th
Brora Beach Sutherland Industrial Salt Late 16th-17t

Making Office
Cromarty Highland Burgh Late 16th-19t
St Johns Kirk Perth Church Late 16th-19*
Fyvie Aberdeenshire Castle Late 16th-17
Glenochar Borders Bastle House Late 16th-17%
Castle Leod Sutherland Castle Late 16th-19%
Fetternear Aberdeenshire Bishops Palace and Late 14th-19
Later Tower House
Aden Aberdeenshire Episcopal Meeting Late 16th-17*
House
Glenshellach Argyll Farmstead 18™
Flora MacDonalds’ Western Isles Blackhouse Cottage 18th
Cottage
Elcho Nunnery Perthshire Nunnery 15t - 16%
Glasgow Franciscan | Glasgow Friary 15™ — 16t
Friary
High Morlaggan Highland Rural Settlement 18* — 19th
Penicuik House Midlothian Country House 18"
Castle Sinclair Highland Castle 160 - 17%

Helen Spencer

Map showing the location of the fifteen post-medieval Scottish archaeological sites analysed.




but with low potassium oxide, suggesting that the main source of alkali used was soda
ash.®2 A high level of chlorine may indicate that salt was added as a flux. Lime must
have been deliberately added, and the high magnesium levels can be interpreted as
showing that it originated from a local dolomite source. By the start of the 18th century,
the HLLA recipes had been replaced with a ‘mixed alkali’ glass type; this was made
using kelp as the main flux and is identified compositionally by having levels of stron-
tium oxide of around 0.3-0.5%.

Experimental work

To shed more light on the recipes used in the early Scottish glass industry and com-
pare the recipes used to make window glass in Scotland with the model developed for
English glass, over 200 window-glass samples from fifteen post-medieval Scottish
archaeological sites ranging in date from the mid-16th to the 19th century were ana-
lysed (Fig. 6). The samples were taken from a range of domestic sites including rural
farmsteads, burghs, high-status castles, and tower houses. Samples were analysed by
p-XRF, SEM-EDS, and LA-ICP-MS with the full methods, data, and results detailed in
Spencer 2020.%3

Summary of Analytical Results

Late 16th—early 17th century

Chemical characterization of late medieval glass has shown that an HLLA1 type of
glass, which was most likely made in and imported from Lorraine, was still the main
type of window glass used in Scotland from the late 15th century.®* This glass type was
found at Elcho Nunnery, Perth Whitefriars, and Glasgow’s Franciscan friary in contexts
dating to the late 15th century, and its use continues throughout the 16th century.®®
This is different from the English model where ‘forest glass’ was predominant until
around 1567.

Glass analysed in Scotland dating from the late 16th to early 17th century continues to
have HLLA1 compositions, although three clear subgroups were identified, suggest-
ing different origins for the glass. The first of these groups corresponds with glass
identified as being manufactured in Lorraine.*® A second HLLA1 type is richer in silica
and has a different alkali composition with low potassium, and with a correlation of
sodium and chlorine that suggests the use of salt in the flux; this is also likely to have
originated from the Continent.

However, the third type of HLLA1 glass identified by strontium oxide levels of 0.1-0.2%
was found at a late 16th-century Episcopal meeting house in Aden, Aberdeenshire,
and at Elsrick chapel, also in Aberdeenshire (Fig. 7). This level of strontium oxide in an
HLLA1 type glass is unusual and higher than found elsewhere; it could potentially be
an indicator of the early use of kelp as a flux. The sand used was rich in iron and alu-
minium oxide. The range of subtle variations of HLLA1 composition supports the ar-
chival evidence that window glass was being imported from several places in Europe
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Two types of glass found at Aden, a late 16th-century Presbyterian meeting house in

Aberdeenshire. The dark green sample is HLLA1 and the clear piece is a sample of HLLA2.
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at this time. Further work may be able to differentiate the glass in more detail and
identify each of these regional compositions.

17th century

The analysis shows that imported HLLA1 glass was replaced quite quickly by a HLLA2
glass around 1615. However, much of the HLLA2 window glass analysed from Scot-
land has a level of strontium that is higher than that seen in glass of a similar date from
England (Fig. 8). This suggests that kelp was increasingly used during this period as a
flux and that early adoption of kelp may be a sign of Scottish manufacture. This adds
to the evidence from the archives that suggests that barilla was not used for window
glassin Scotland in the early part of the 17th century, and that kelp production was key
to window making along the East Lothian coast in the early 1660s.

18th century

By the 18th century, a mixed-alkali glass was being manufactured in both England and
Scotland, and it is not possible to distinguish between these by composition. The
predominant glass type is a kelp-fluxed mixed-alkali glass with no specific chemical
fingerprint that might allow the location of manufacture of this type of glass to be de-
termined. Analysis of trace and rare earth elements (REEs) shows that sand from sim-
ilar sources was being imported and used on an industrial scale. The glass found in
Scotland is consistent with recipes made in England, but could equally have been
made at Scottish furnaces. The industrialized process meant that sand, cullet, and flux

Helen Spencer



Graph showing the manganese oxide (wt%) vs strontium oxide (wt%) of HLLA 1 and HLLA 2

glass analysed. Note the higher strontium in the HLLA1 samples from Aden and the HLLA2 samples

from Cramond, Cromarty, and Fyvie.

were all being imported from further afield to glass-houses, and that there was less
reliance on local resources.

Summary

Importation of HLLA1 glass to Scotland from a number of regions on the Continent
continued until the very early 17th century before window glass began to be made in
Scotland. The first half of the 17th century was a time of innovation and development
in both the Scottish and English glass industries. There would have been a great deal
of experimentation at the time to produce the desired locally-made high-quality glass,
and to make it to the required standard and cost in order to compete with imports.
There would have been a compromise during this period between the use of cheaper
local ingredients, such as kelp, and the use of more expensive imported materials in
order to produce window glass.

While it has not been possible to identify conclusively a ‘Scottish’ manufactured win-
dow glass, a type of HLLA1 glass with high strontium levels found at Aden and Elsrick,
and HLLA2 glass found at Cramond and Glenochar may be examples of early Scot-
tish-made glass, as parallel compositions have thus far not been found in analyses of
English window glass or glass-manufacturing waste.

In the late 17th century, a number of short-lived furnaces made window glass for the
home market, but glass was also imported in high quantities from England. The anal-
ysis shows that there is a wider range of HLLA2 glass compositions from this period,
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with the alkali component of the glass reflecting experimentation using different flux
sources. The presence of significant quantities of strontium in an HLLA2 type glass
found in Scotland is unusual compared with previous glass analyses in England. It is
possible that this signifies the use of kelp at an earlier date in Scotland, with use being
made of raw materials available in abundance along the East Lothian coast.

By the 18th century, there is little to distinguish mixed-alkali kelp-fluxed window glass
made in England and Scotland. Work is ongoing to analyse more 17th-century window
glass, in particular that retrieved from archaeological excavations close to the glass
furnaces and from properties with a connection to the glass-making entrepreneurs at
the time.
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TECHNOLOGICAL INNOVATIONS AND CRAFT
TRADITIONS IN THE 19TH-CENTURY BELGIAN
WINDOW-GLASS INDUSTRY

Vitaly Volkov

Abstract

This paper explores the process of technological innovation and its relationship with old craft-
manship traditions within the Belgian window-glass industry during the 19th century, before
the introduction of the Fourcault process, a novel technique for making glass by drawing a
ribbon of glass mechanically in a vertical direction from a bath of molten glass. The industry
experienced a steady quantitative growth during the period under consideration. However, the
exact nature of this growth is still not fully understood. Existing literature often puts the focus
on manual production; this paper provides a more balanced view of the developments in the
19th-century glass industry, emphasizing the unique combination of the pre-industrial
glass-making tradition and the never-ceasing stream of technological innovations. Within the
context of innovation, special attention is directed towards international technology transfer
and the exchange of knowledge.

Keywords

Glass-making, window glass, furnace technology, technology transfer, craftsmanship

Introduction

During the 19th century, Belgium was one of the most important glass-producing
countries in the world alongside France, the United Kingdom and the United States of
America. Various types of glassware were produced, including diverse forms of vessel
glass. However, the main branch was flat-glass production, which can be divided into
blown window glass and cast plate glass; this paper considers only blown window
glass. The production of blown window glass grew tremendously, from 1.28 million m2
in 1840 to 23.47 million m2in 1900. About 95% of the glass was exported.' Yet this
sector is generally characterized as traditional and technologically conservative. This
assumption is based on two arguments: firstly, that the use of steam power was quite
limited within the industry; secondly, that the manual skills and the tacit knowledge of
the workers (glass-blowers) were of paramount importance. Innovations such as the

Technological Innovations and Craft Traditions in the 19th-Century Belgian Window-Glass Industry

67



The Verreries Belges glass factory, previously Verrerie Baudoux (written wrongly as ‘Beaudoux’), one of the largest
window-glass factories of Belgium by the late 19th/early 20th century, and one of the first to introduce tank furnaces,
at Jumet near Charleroi, Belgium, photographer unknown.
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invention of the Biévez annealing kiln of 1867, or the introduction of the tank furnace
around 1885, are seen rather as exceptional and isolated milestones (Fig. 1).2

The present paper examines the process of innovation in a more comprehensive way,
by exploring how the Belgian window-glass industry adapted and developed new tech-
nologies while retaining manual craftmanship as a key resource. It will focus on the
period from the beginning of the 19th century to the First World War, which is general-
ly considered to have been rather deficient in innovation. The article will not address
the development and introduction of the mechanical drawn-glass technique in the
early 20th century.

The Emergence of a Professional Community

The development of the Belgian window-glass industry took place in a relatively small
region around Charleroi. In more ‘human’ terms, the industry can also be defined as a
community, consisting of workers, engineers, entrepreneurs and so forth. Indeed, the
presence of a community that provides an ‘infrastructure’ of various material and im-
material resources (including skills), as well as the mobility of personnel (whether on
a group or individual basis), is essential for the successful transfer and further devel-
opment of knowledge and technology.®

Window-glass production became firmly established in this region by the 17th century,
although other types of glass production had certainly existed there from at least the
15th century.* Interestingly, many ‘glass-masters’ here of the period were of foreign
origin, such as was the case for the de Condé, Colnet and Desandrouin families (from
Lorraine, Italy and France respectively).® In the first half of the 17th century, many mi-
grant glass-blowers arrived from Southern Germany, Alsace and Lorraine, while in the
next century even more glass-blowers from Southern Germany and Alsace were re-
cruited for the production of window glass; they brought the ‘secret’, in other words,
tacit knowledge, of this kind of production with them.® It was within this community of
both glass-masters (entrepreneurs) and glass-blowers (workers) that the technologi-
cal developments of the 19th century would take place.

In contrast to the 18th century, there was hardly any technology transfer to Belgium in
the 19th century through collective immigration. At the same time, from the late 19th
century onwards, Belgian glass-blowers started to emigrate to various countries. The
USA, and Pittsburg in particular, attracted many Belgian glass-blowers from the 1880s
onwards. Ironically, these migrant workers have played an important role in the devel-
opment of the American window-glass industry that was to become Belgium’s main
competitor in the global market by the early 20th century.”

While the 19th-century mass migrations of workers contributed to the ‘export’ of knowl-
edge and knowhow from Belgium, the personal itineraries of entrepreneurs and engi-
neers contributed to the ‘import’ of knowledge and innovations. One particularly fas-
cinating example is that of André-Marie Oppermann (1846-1930). He was born in
then-independent Hanover, where he studied engineering at the polytechnic school.
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Shortly after graduation, he left Hanover and moved to England, where he started to
work for the firm of Siemens that operated on an international scale in the United
Kingdom as well as in Germany.2 It was within the Siemens company that Oppermann
developed his knowledge of glass technology. In the course of his employment with
the firm, he travelled to France and Belgium in order to work on the construction of
furnaces at various glass factories. In 1874 or shortly before, he settled in Charleroi.®
Over the course of the following decades, he contributed significantly to the further
improvement of glass-melting furnaces in Belgium, during which he collaborated with
various Belgian glass manufacturers. Later on in his career, he travelled to Bohemia
in order to construct a window-glass factory for a Belgian company there, which he
managed for five years. Shortly after 1900, he was sent to the USA by the Association
des maitres verriers to study the latest developments in glass technology.™ It can be
stated without doubt that his legacy is vast. He held multiple invention patents related
to various aspects of glass technology, ranging from melting furnaces to glass pack-
aging."

In general, the glass-producing region of Charleroi was characterized by close ties
between manufacturers and other actors. For instance, the Association des maitres
de verreries that united most of the region’s window-glass manufacturers (established
as the Comité verrierin 1848, renamed the Association in 1873) met on a regular basis,
providing a forum for discussion and the exchange of ideas.'? Despite the lack of hard
evidence, it is quite likely that many informal ties existed as well.

Steam Power and Electricity

The first steam engine within the window-glass industry of Belgium was introduced in

1828 at the Mariemont glass factory.”™ By 1850, roughly one third of all window-glass

factories possessed at least one steam engine,™ and by 1896, all factories were steam

powered with at least one steam engine.™ Yet such quantitative data is insufficient to

judge whether an industry was ‘modern’ or ‘backward’. It is essential to look at the way
the steam engines were used in order to arrive at a more balanced assessment.

In the window-glass industry, the primary use of steam engines was to mill and mix the

primary materials, as indicated in sources from the 1830s and 1840s.'® In the second

half of the 19th century, other applications started to emerge. For instance, steam

engines were used to pump water or to drive ventilation equipment.”” From the late

1880s, factories started to use steam engines to produce electricity.'®

By the First World War, electrical power was used for many purposes. For instance, the

Piges factory possessed nine electrical motors in 1916, which were used to action over-
head cranes, to mill and mix primary materials, and to saw wood for the packaging. The

use of steam power was not reported at this factory after this date.' While unfortunately
no quantitative data on the use of electric power in window-glass factories exists, the

aforementioned example illustrates that by 1914 at least some factories were fully elec-
trified.
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Melting Furnaces

Melting furnaces are used to melt the primary materials, such as silica (sand), flux
(alkali) and stabilizer (lime) at temperatures around 1200-1400° Celsius. Traditionally,
the melting took place in large pots (crucibles). In Belgium, firewood was used as the
combustible until the mid-17th or early 18th century, while the English glass industry
started to use coal from 1615 onwards.?° In 1643, coal was introduced as a fuel for
glass-melting furnaces in the area of present-day Belgium as well.?! Despite this early
start, the transition from wood to coal did not happen overnight. At the beginning of
the 18th century, the majority of glass factories still used firewood.?2 The transition was
certainly complete by the first decade of the 19th century, as attested by the requests
for the establishment of factories, which almost always mention the estimated con-
sumption of fuel and primary materials.2®

Around 1860, the Siemens brothers invented the regenerative pot furnace in England,
which enabled considerable fuel savings by using the heat of the exhaust gas for the
preheating of the fuel gas and air before burning. The fuel gas was produced in the
gas producers, which transformed coal into gas by partial combustion with air.?*
However, the adoption of this type of furnace in Belgium was rather slow. In 1867, the
Bennert & Bivort factory started to use the regenerative furnace. They were most prob-
ably the first in Belgium to do so. However, it took them several years of experimenta-
tion to implement the regenerative furnace fully.?® The innovative efforts of the Belgian
window-glass industry in general were acknowledged internationally. According to a
report from the 1873 Vienna World Fair, the use of the Siemens regenerative furnace
for window-glass production was a Belgian achievement.?®

Yet the real breakthrough came only after 1880, with the introduction of the tank fur-
nace, in which the individual glass-melting pots were replaced by a single huge tank,
making continuous production possible. Like the regenerative furnace, it was invented
in England by the Siemens brothers. The first commercial tank furnace was installed
at the Pilkington factory in 1872, however, a lot of technical problems still remained. For
instance, the materials wore at a fast pace, such that the lifespan of the first furnaces
was limited to only a few months. Moreover, the first tank furnaces were used for the
production of bottle glass.?”

The introduction of the tank furnace in Belgium can be credited to the aforementioned
engineer Oppermann. Between 1874 and 1875, he conducted experiments with tank
furnaces at his own expense. Subsequently, between 1876 and 1890, he worked as an
engineer at the Jonet window-glass factory, where the first large tank furnace for win-
dow-glass production was installed under his supervision in 1877-1878.28

The Baudoux window-glass factory was the second to use tank furnaces in Belgium.
Before starting his own factory, Eugéne Baudoux (1841-1912) had worked at the Jonet
factory.?® Together with his engineer Jean-Matthieu Pagnoul (dates unknown), Bau-
doux had made numerous improvements to the tank furnace’s construction. The
greatest challenge in adapting tank furnaces for the production of window glass, as
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Tank furnace, late 19th or early 20th century, Belgium, photographer unknown.

opposed to the production of bottle glass, was that a much greater depth was required
for the window-glass bath. The depth required depended on the heat permeability of
molten glass which, in turn, depended on the purity of glass and, hence, the glass
composition. For bottle-glass production (‘shaded’ glass with impurities), a bath depth
of 30-40cm is sufficient, but for window-glass production (clear glass), the depth re-
quired is 1.5-2m. Baudoux and Pagnoul succeeded in resolving this problem by 1885.%°
The final improvements to the tank furnace in Belgium were made by Emile Gobbe
(1849-1915). Originally from France, he settled in Jumet near Charleroi in 1890. With
Pagnoul as a partner, he established a firm that came to play an important r6le on the
world market for tank furnaces. Around 1896, there were two major players on this
market: Siemens in England (who did not produce glass commercially themselves
except for some test production on a limited scale but supplied furnaces to Pilkington
and other manufacturers) and Gobbe & Pagnoul in Belgium. Gobbe & Pagnoul were
especially successful in the USA, where they delivered the majority of all tank furnaces.
Gobbe & Pagnoul were a study office rather than a production company: physical con-
struction was executed by specialized contractors, who worked under the supervision
of Gobbe & Pagnoul.®!

The introduction of tank furnaces within the Belgian glass industry proceeded at
a rapid pace in the second half of the 1880s and the 1890s, when pot furnaces were
almost completely replaced.®? After the introduction of tank furnaces, the industry
could not be described as ‘traditional’ anymore, even if the production process (glass-
blowing) remained manual (Fig. 2). Apart from the furnace itself, the adjacent equip-
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Battery of gas producers for a tank furnace, late 19th or early 20th century, Belgium, photographer unknown.

ment, such as gas producers and large steam boilers, transformed glass factories from
relatively small workshops into large-scale industrial enterprises (Fig. 3).

The development of the tank furnace was not an exclusively Belgian innovation, as it
was pursued at the same time in other countries as well, most notably by Siemens in
collaboration with Pilkington.®® However, after the introduction of this new technology
in Belgium, further improvements were carried out by various engineers and entrepre-
neurs within Belgium, such as Oppermann, Baudoux, Gobbe and Pagnoul, whereby
knowledge was transmitted within the community in an almost relay-race-like manner.
Despite the lack of hard evidence, it can be assumed that the close geographical prox-
imity of the aforementioned actors, who all lived and worked within a small region, and
numerous professional ties contributed to the development and implementation of the
new technology.

Glass-Blowing

Manual glass-blowing remained the dominant technique for the production of window
glass until the early 20th century. The ‘cylinder method’ (also known as ‘broad glass’
in England), was the standard way of producing window glass in Belgium from around
1750 until the First World War. In very basic terms, it consisted of blowing a huge glass
cylinder that was then cut lengthwise and flattened to achieve a sheet of flat glass.
This technique may seem quite straightforward and uncomplicated, but the produc-
tion of glass required exceptional skills. Although the craft of glass-making developed
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Glass-blowers at
work, late 19th or early
20th century, Belgium,
photographer unknown.

largely outside guild structures, the training remained somewhat reminiscent of the
traditions found within old craft guilds. For example, there was no formal vocational
training, and apprentices learned their skills on the workfloor from senior glass-blowers.
The full apprenticeship could take up to seven years (Figs 4 and 5).3*
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Cylinders of glass, late 19th or early 20th century, Belgium, photographer unknown.

The tacit knowledge and craftsmanship of glass-blowers were of extreme importance
for the industry, as is indicated by glass-blowers’ wages. In 1846, glass-blowers earned
the highest wages of all Belgian industrial workers. An average day’s wage in the fac-
tories amounted to 2.58 Belgian francs, while in coal mines it amounted to 2.07 francs
and in the linen industry to only 0.80 francs. By 1891, glass-blowers earned between
15 and 17.5 francs, while wool-weavers, for example, had to be satisfied with a day’s
wage of only 3 francs.%®

Although the basic work process remained unchanged between the late 18th and early
20th centuries, small improvements were able to provide surprising efficiencies. Be-
tween 1822 and 1867, various pieces of equipment were developed that helped to
support the glass-blower’s cane, which allowed larger cylinders to be blown. These
pieces of equipment are known as the lanceman (introduced in 1822-1823), the cro-
chet d'ouvreau (introduced in 1845), and the manique (introduced in 1867). Because
of these improvements, the maximum size of glass plates evolved from 49x38cm in
1820 to 130x86.5cm in 1870.3° These dimensions should not be taken as absolute;
they reflect rather the most common sizes of regular sheets. The increase in the size
of sheet glass is an example of product improvement by means of small innovations.

Annealing Kilns

Annealing kilns are kilns in which glass cylinders are flattened and cooled down slowly.
The process of flattening and annealing consists of several operations: firstly, the cyl-
inder is warmed up; it is then cut open lengthways and flattened to achieve a rectan-
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gular sheet of glass; finally, the sheets of glass are cooled down gradually to remove

any internal stress and damage. The temperature within the annealing kiln is around

600° Celsius.

Until around 1824, primitive annealing kilns were in use. They consisted of two cham-
bers. The glass cylinders were flattened in the first chamber, and the flattened glass

sheets were placed manually in the second chamber afterwards. As soon as the sec-
ond chamber was full, the whole kiln was cooled down. The process was therefore

discontinuous, and in the course of production a lot of glass was broken. Moreover,
fuel consumption was high, as the kilns had to be cooled down and reheated after
each cycle.®” Unlike melting furnaces, annealing kilns were wood-fired until the first

decades of the 19th century, as attested by numerous requests for the establishment

and expansion of factories from 1810-1835.38

From approximately 1830, two measures were undertaken to modernize and improve

annealing kilns. Firstly, wood was replaced by coal to increase combustion efficiency.
Secondly, the annealing process was mechanized and transformed into a continuous

process by introducing ‘turning stones’ and the ‘annealing tunnel’ (French: arche a

tirer). The former serves to transport glass from one chamber to the other, and the latter
is a kind of conveyor belt on which the glass is cooled gradually. The first invention

patents that explicitly mention the use of coal instead of firewood were registered in

1839 and 1842.%° The first request that mentions the use of coal for annealing kilns

dates from 1836-1837.%° The last mention of the use of firewood as annealing-kiln fuel

dates from 1840.*' All later requests explicitly mention the use of coal only.*? It can thus

be concluded that the transition to coal firing was completed just after 1840.

The origins of the turning stones and the annealing tunnel are not entirely clear. Ac-
cording to the literature, the turning-stones annealer was invented in France in 1826.43

According to Georges Bontemps (1799-1883), one of the most prominent glass tech-
nologists of the 19th century, some German glass manufacturers (Bontemps did not
mention any names) had claimed the invention as their own. Yet they did not file a

patent and therefore could not prove that they were first. For this reason, Bontemps

attributed the invention to Aimé Hiitter (dates unknown) of the Rive-de-Gier glassworks,
who received his patent in 1826.4* The annealing tunnel was introduced at the Chance
factory in England in 1846 (possibly in combination with turning stones, but the litera-
ture is not explicit on this matter).*®* Bontemps, however, claims to have invented it
himself in 1828, but encountered technical problems, such as undesired flows of cold

airin the annealing tunnel that prevented gradual cooling of glass, and had to abandon

his idea of combining turning stones with the annealing tunnel. Hitter had also tried

to combine the two new technologies, but had failed as well. According to Bontemps,
it was Frangois Houtart-Cossée (1802-1876) from Belgium who succeeded in devel-
oping an annealer with turning stones and an annealing tunnel.*®

Houtart-Cossé was by no means the only one working towards solving the problem, as
illustrated by the numerous invention patents related to annealing kilns registered in
Belgium in the 1830s and 1840s (Fig. 6). It seems, therefore, that the annealing-tunnel
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Drawing from an annealing kiln from an
invention patent by L. de Dorlodot (invention

patent no. 1428, 19 November 1839).
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Placing glass cylinders into the annealing kiln, late 19th or early 20th century, Belgium,

photographer unknown.

80

principle was introduced in Belgium earlier than in England, or at least simultaneous-
ly.4” Plans of factories from the 1840s indicate the rate of introduction of these new

annealing kilns. They show us elongated annealing kilns. The elongated form is typical

for an annealing tunnel and points to the adaptation of the new technology.*®

The next major improvement to the annealing kiln was made in 1867 by Désiré Biévez
(dates unknown), an engineer at the Mariemont glass factory.*® Due to a sophisticated

system of ‘moving stones’ that transported glass through the annealing tunnel, this

annealing kiln allowed the annealing time to be reduced drastically, from 7-8 hours to
only 25-30 minutes. The system of ‘moving stones’ combined the functions of the turn-
ing stones and conveyor belt of the older types of annealing kilns, thus facilitating the

transport of glass within the kiln (Figs 7 and 8). This annealing kiln replaced all other
types.®®In 1872, it was adapted to the use of gas as fuel instead of coal by the Belgian

glass manufacturer Casimir Lambert (1827-1896).%"

Conclusion

The Belgian window-glass industry in the 19th century is characterized by numerous
innovations. The argument often made that the Belgian glass industry was backward,
because steam power was used there only to a limited extent, seems inappropriate. In
fact, mechanical energy through steam power had little use in this industry. Due to the
specific character of the industry, the effective usage of thermal energy was much
more important. Most inventions were therefore directed towards developing anneal-
ing kilns and melting furnaces.
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Taking flattened glass out of the annealing kiln, late 19th or early 20th century, Belgium,
photographer unknown.

The developments made in this field present us with instances of technological crea-
tivity. The basic principles may have been ‘borrowed’, such as had been the case for
the principles of the regenerative and tank furnaces invented in England (Siemens), or
of turning stones and turning stones/annealing tunnel in France (Bontemps and Hiit-
ter), but developments in Belgium made them suitable for productive use through
improvements made in Belgium. Unlike the picture found in the existing literature,
which presents inventions such as the Biévez annealing kiln or tank furnace as isolat-
ed and singular, albeit important facts, the present paper shows that improvements
were made over longer periods of time. Long waves of innovative activity are a much
better representation of technological development than a few isolated milestones. In
other words, the process of technological innovation evolved as a result of the contri-
butions of many actors (inventors and entrepreneurs), all of whom lived and worked
within the Charleroi region as part of the glass-making community.

The following table sets out these waves of innovative activity.

Melting furnace 1643 - before 1800 Adaptation to coal

Annealing kiln ¢.1830-¢.1870 Adaptation to coal, development of ‘turning
stones’ and ‘annealing tunnel’, adaptation to gas

Melting furnace c.1870 - c.1890 Adaptation to gas, tank instead of pots
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As for skills and craftsmanship, they remained of paramount importance for the win-
dow-glass industry until the expansion of mechanical production after the First World
War. The long-established community of highly skilled glass-workers was one of the
most important advantages of the Belgian window-glass industry. All in all, the Belgian
19th-century window-glass industry was a truly hybrid one, in which traditional craft
skills went hand in hand with a never ceasing stream of technological creativity and
innovation.
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DU MATERIAU AU PRODUIT
LE VERRE PERFORE

Anne-Laure Carré

Abstract

This article investigates perforated glass, a glazing product patented in 1885 by the Appert
Freres glassworks and the hygiene firm Geneste, Herscher et Cie. It was however invented by
Emile Trélat, professor of construction at the Conservatoire des Arts et Métiers. At a time
when hygiene recommendations were coming to the fore, perforated glass was advertised as
an original answer to the dual functions of the window: lighting and ventilation. At the turn of
the century, the architectural press became the theatre for multiple debates on windows, and
itis above all hygienists, rather than architects, who were keen debaters of the size and qual-
ity of glazing and the amount of ventilation needed in public buildings such as schools or
hospitals.

Keywords

Hygiene, perforated glass, rolled-plate glass, window glass

Dans la seconde moitié du XIX¢ siécle, le verre plat est représenté par deux produits
trés différents : d’'une part le verre a vitres soufflé a la bouche, qui sert au vitrage com-
mun, de I'autre la glace coulée et polie, produit luxueux, le plus souvent transformé en
miroir. L'arrivée du «rolled-plate glass » breveté en 1838 et 1847 par James Hartley
(1810-1886) va considérablement élargir la gamme des produits verriers. Malgré la
modestie du procédé, qui s’inspire directement du grand coulage des glaces, mais
sans se préoccuper de la composition des matiéres premiéres, du recuit ou du polis-
sage du verre, le verre coulé est une véritable innovation de produit.! Il rencontre rapi-
dement un large succes et ce d’'autant plus que dans les années 1890, la firme an-
glaise Chance Brothers améliore le procédé de Hartley.? Le verre est déversé entre
deux paires de rouleaux gravés, de méme taille ou de taille variable, remédiant ainsi
au défaut de brillance de I'ancien verre coulé. La seconde paire de rouleaux permet
de réaliser des décors plus fins sur une face ou sur les deux, les feuilles de verre
peuvent étre plus minces, plus Iégéres et autorisent I'usage de profilés plus fins.
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Ce produit breveté, susceptible de multiples déclinaisons, comme le verre prisma-
tique ou le verre armé, est également a I'origine du verre perforé, objet de ce chapitre.
Les revendications des inventeurs, le procédé de fabrication, les principales applica-
tions, ainsi que la réception contemporaine de ce nouveau vitrage en forment I'objet.
Cependant, la place réelle du verre perforé est difficile a évaluer en I'absence de fonds
d’archives?, le produit étant trop marginal. Ce sont essentiellement des sources se-
condaires qui ont guidé cette recherche, en particulier les échantillons présents dans
les collections du Musée des Arts et Métiers.

Un trio d’'ingénieurs intéressés par les questions d’hygiéne et de salubrité

Le brevet déposé le 9 avril 1885 mentionne un duo d’entreprises, mais un troisieme
homme se cache également derriére ce produit (fig. 1). Qui sont-ils plus précisément ?
La premiere des deux entreprises est dirigée par Paul Eugene Geneste (1830-1897)*
etson associé Georges Charles Herscher (1837-1894). lIs sont tous les deux ingénieurs,
constructeurs d’appareils de chauffage et de ventilation et d'étuves de désinfection.
Les Etablissements Geneste, Herscher et Cie sont installés rue du Chemin vert & Paris.
Georges Herscher est dipldmé de I'Ecole centrale des Arts et Manufactures, il est
membre de la société des ingénieurs civils, de la société d’encouragement a I'indus-
trie nationale et plusieurs fois membre des comités d’organisation et des jurys d’ex-
position qui se multiplient en cette fin de XIX® siecle.

Appert fréres, I'autre entreprise citée sur le brevet, est spécialisée dans la fabrication
de semis produits : émaux et matiéres colorantes, verres a vitraux, verres de montres,
tubes et applications spéciales. C'est un lieu d’expérimentation de techniques nou-
velles grace a la personnalité de son directeur. Ingénieur chimiste, dipldmé de I'Ecole
centrale des Arts et Manufactures, Léon Appert (1837-1925) apparaft comme un
homme incontournable par ses publications, ses inventions et sa place dans le milieu
patronal verrier.® Il joue également de la sociabilité centralienne et comme Georges
Herscher il sera président de la société des ingénieurs civils. || développe une argu-
mentation hygiéniste dans la promotion de son invention principale : le soufflage a air
comprimé, destiné a remplacer le souffle du verrier, pour laquelle il regoit le presti-
gieux prix Montyon de I'’Académie des sciences en décembre 1886.

Enfin, le dernier protagoniste est un architecte, Emile Trélat (1821-1907), professeur
au Conservatoire des Arts et Métiers.® Bien que ne figurant pas sur le brevet, c’est pour-
tant lui qui revendique I'idée initiale du verre perforé. Fils d'un médecin hygiéniste
connu pour ses engagements politiques républicains, il est également diplomé de
I'Ecole centrale des Arts et Manufactures. Aprés un court passage a la téte d'une
manufacture de céramique, il se tourne vers I'architecture grace a I'architecte Ludovico
Visconti (1791-1853) qui I'engage sur le chantier d'aménagement du Louvre en 1848.
Il commence une longue carriére d'enseignant en 1854 en occupant la chaire de
construction civile au Conservatoire des Arts et Métiers, enseignement qu'il assure
pendant quarante ans. Sa grande affaire reste néanmoins la création de I'Ecole
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En-téte du brevet déposé par la société Appert fréres et la société Geneste,
Herscher et Compagnie.

spéciale d’Architecture en 1865, un projet qu'il imagine comme un lieu de réconcilia-
tion des artistes (les architectes) et des savants (les ingénieurs).” Son intérét pour les
questions d’hygiéne en fait un pionnier, voire un militant, de ce véritable mouvement
de société. Il publie en 1905 Questions de salubrité, un ouvrage qui rassemble ses
conférences et interventions données entre 1880 et 1904 a la chambre des députés.®
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Sile nom d’Emile Trélat n’apparait pas dans le brevet du verre perforé, il faut y voir un
effet du code déontologique des architectes, formalisé en 1895 sous le nom de code
Guadet :°I'architecte exergant une profession libérale et non commerciale, il ne saurait
toucher d’autres rémunérations que des honoraires.

Lutter contre le confinement: brevets et revendications du verre perforé

Le brevet Appert, Geneste, Herscher et Cie, « pour un produit industriel nouveau, dit
verre perforé» est déposé le 9 avril 1885 avec des certificats d’addition la méme année
et la suivante.” Le résumé expose les revendications ainsi: « nous revendiquons par
la présente demande de brevet, le produit industriel nouveau consistant en une lame
ou feuille de verre ou cristal coloré ou non, présentant des trous ou perforations de
formes et de dimensions et en nombre quelconque »."

Le mémoire n'écarte pas la faisabilité d'un percement d'une feuille de verre a vitre
ordinaire — ce qui était en réalité trés délicat a obtenir — mais la revendication porte
essentiellement sur une machine permettant une disposition réguliére des trous
a obtenir (fig. 2). Celle-ci est décrite dans la planche d’'accompagnement: une table
munie de réglettes sur le c6té pour donner I'épaisseur voulue et garnie de petites
saillies tronconiques, ou bien un rouleau lamineur portant ces saillies. On coule le
verre et on passe le rouleau. |l reste ensuite a perforer complétement les empreintes
tronconiques, a l'aide d’un foret, d'émeri, de sable ou d’acide fluorhydrique. Le mé-
moire précise que le verre perforé peut étre décoré de toute maniére analogue au
verre a vitre. Le brevet porte bien sur les perforations de la feuille et il est précisé que
celles-ci peuvent étre de forme quelconque «ronde, carrée, ovale, polygonale, étoilée,
etc. Elles peuvent constituer des dessins a jour représentant des sujets ou ornemen-
tations variés».

Le verre perforé constitue une réponse originale aux prescriptions nouvelles assujet-
ties a la fenétre : éclairer et ventiler. Pourquoi lancer un tel produit ? Répond-il a une
attente, a de nouveaux usages ? Le certificat d’addition du 9 octobre 1885 les rappelle:
«Les usages auxquels ce verre perforé peut servir sont tres nombreux: la premiére
application, et une des plus importantes, consiste dans I'emploi qu'on peut en faire
pour l'usage de la ventilation des locaux habités, en remplagant tout ou partie du verre
a vitre ordinaire, ce qui permet en particulier de supprimer les vasistas et autres dis-
positifs analogues. Ce verre permet ainsi d'effectuer avec grand avantage la ventila-
tion et I'éclairage d'une fagon simultanée, tout en évitant par la multiplicité des perfo-
rations, par la faible dimension de leur section, et par leur forme spéciale, les courants
d’air nuisibles ou génants.»

La réception d’un nouveau produit

De maniere assez logique, le verre perforé est mentionné pour la premiere fois dans
un article consacré a I'exposition d’hygiene urbaine de Paris. Il n’entre pas dans le
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cadre de cette communication de digresser sur les expositions,'? mais peut-étre faut-il
rappeler qu'apres les grands rassemblements internationaux, comme les rendez-vous
de Londres, Paris, Vienne ou Chicago, les expositions adoptent aussi des formats plus
spécialisés. En 1881 par exemple, Paris accueille une exposition trés remarquée consa-
crée uniquement aux applications de I'électricité. De la méme maniére, des exposi-
tions d’hygiéne sont organisées a partir de la fin des années 1870. En 1884, /’Internatio-
nal Health Exhibition de Londres pratique une confrontation spectaculaire en construi-
sant, face a face, une maison insalubre et une maison salubre. Cette derniére étant
une sorte de catalogue grandeur nature des innovations de pointe dans le domaine et
une vitrine pour les entreprises qui se pressent sur ce nouveau marché porteur.

A I'été 1886, s'ouvre la deuxiéme exposition parisienne d’hygiéne urbaine. La Nature
en rend compte dans plusieurs articles sous la plume d’'un certain Dr Z. La livraison
du 14 ao(t porte plus spécifiquement sur «|'aération, I'éclairage et I'orientation des
habitations ».”* Citant Trélat, I'auteur évoque les dangers contre lesquels 'hnomme doit
se prémunir dans son habitation et, au premier chef, le confinement de I'air qu’il doit
y respirer. Pour I'aération, le plus grand allié est donc la fenétre dont les vitres laissent
passer a foison la lumiére «condition indispensable de salubrité », mais leur imper-
méabilité fait qu’'elles arrétent I'introduction de I'air. L'auteur rappelle les différentes
méthodes par lesquelles on a cherché a amener de l'air: vasistas et persiennes mo-
biles, a lamelles de verre, a valves de mica, avec opercules et clapets. En Angleterre
ou I'on expérimente depuis plusieurs années, on s'est inquiété des courants d’air et
on a préféré les systémes de briques de ventilation percées de petits conduits et pla-
cées prés du plafond, mais le probléme de ces briques est leur difficulté de nettoyage.
Ce préambule sert en fait de toile de fond a la démonstration du verre perforé, qui est
présenté sur le stand de la maison Geneste et Herscher a I'exposition d'hygiene.

Une gravure fait comprendre I'avantage du procédé grace a une petite expérience sur
le flux d'air, passant a travers un trou normal et a travers un percement conique (fig. 3).
Un soufflet permet d’envoyer un flux d’air sur un petit drapeau, placé de l'autre cété
d’une plaque percée. Le creu, méme de trés petit diamétre, provoque un déplacement
du drapeau, alors que le percement conique ne le dérange pas, I'écoulement de l'air se
faisant de maniére plus dispersée. L'article donne ensuite des détails sur les feuilles
de verre perforé, qui portent 5000 trous par métre carré, d'une section circulaire de
5 millimétres de diamétre, soit un espacement de 15 millimétre d’axe en axe. La feuille
de verre peut avoir plusieurs épaisseurs de 3,5 a 5 millimétres, dans ce cas, les trous
ont un diameétre plus gros et un espacement plus important (fig. 4). Le verre perforé,
imaginé par Emile Trélat, est la meilleure réponse & ces injonctions faites & la fenétre:
éclairer et ventiler.

Trélat recommande de les placer en hauteur, a 2,5 métres du sol de I'habitation pour
ne pas incommoder les occupants, mais ce n'est pas toujours le cas. L'illustration de
I'installation de la maison Geneste Herscher d’un cabinet a la turque entieérement
réalisé en verre lors de la méme exposition, montre des verres perforés en partie
basse de la fenétre (fig.5)." Le méme article détaille ensuite les emplacements les
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Planche explicative montrant la table a picots
servant a couler la feuille de verre.
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pert fréres, apres de nombreux essais, sont enfin
parvenus & fabriquer des vitres perforees, telles
que les représentent les figures ci-dessous. Cette fa-

Fig. 5.— Effet produit sur une flamme de bougic en soufflant
par la pelite base de lorilice conique dune vitre perfo-
rée.

les plaques de propreté sur les portes des apparte-
ments, 1l faut se
sur le verre de
Iessence de téré-
benthine afin de
renouveler les
surfaces et de
rendre la mor-
sure e acier
plus facile; quel-
quelois, on y
ajoute de lacide
oxalique et méme
des oignons éera-
sés. Tres fré-
quemment les
plaques sont bri-
sées pendant ce
travail.

Les vitres per-

brication offrait de trés grandes difticultés, qui
se devinent aisément; on sait, en effet, que

lorsqu’on veut percer le verre ou la glace pour poser

Fig. i. — Effet produit par une flamme de bougie en soufflant par
la grande base de lorifice conique d’une vitre perforée. (Ex-
tinction de la bougie.

tres d’axe en axe, et le verre a Sum5 d’épaisseur

servir d'une tige d'acier et verser | (fig. 5). D'autres vitres, un peu plus épaisses (5 mil-

limétres d’épais-
seur) ont des trous
de 4 millimétres
de diamdtre, es-
pacés de 20 mil-
limétres d’axe en
axe. MM. Appert
sont parvenus,
par des procédés
spéciaux et hre-
vetés, A surmon-
ter les difficultés
considérables que
présentait ce
probleme  indus-
triel. Telles
quelles sont au-
jourd’hui, leurs

forées de MM. Ap-
pert, Genesle et
Herscher com-
prennent 5000 trous par métre carré; ces trous
ont une section circulaire de 5 millimétres de
diametre chacun; ils sont espacés de 15 millime-

Fig. 5. — Aspect d'un morceau de vitre perforée. (Grandeur naturelle.)
Systeme Appert, Geneste et Herscher, d’apres la méthode de M. Emile Trélat,

vitres  perforées
constituent un
spéeimen treés re-
marquable des progros récents de 'art de la verrerie.

Au point de vue qui nous occupe spécialement
ici, il faut tout d'abord remarquer que ces vitres

Premiere mention du verre perforé, La Nature, juin 1886, 20.
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Une feuille de verre perforé, donnée en 1887 par Appert fréres pour le cours d’Emile Trélat au Conservatoire.
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du siphon se fasse avec une grande facilité et qu'elle | qui soient parvenus & livrer aux entrepreneurs et
soit, pour chaque plombiers des si-
siphon, indépen- i phons de plomh
dante, les mémes 4 un prix mar-
construcleurs ont chand; notre
imaginé de faire pays  était  jus-
aboutir le tuyan qu'ici tributaire
de ventilation i de I'Angleterre,
une prise d'air, de I'Allemagne et
formée d’une des  Etats - Unis
boite métallique pour la fabrica-
logée dans le mur tion courante de
extérieur el ren- ces  sortes d'ap-
fermantune valve pareils, dont 1l
mobile en mica importe que l'u-
qui s'ouvre an sage se répande
passage de 'air de plus en plus.
chaque fois qu'un On a fait aux
liquide  traverse siphons le repro-
le siphon et qui che de ne plus
se referme immé- fonctionner lors-
diatement aprés quon a ¢té un

. Fig. 8 Fig. 9. 9
wolte AVers cert: N S
L}'”'L . e, Installation de dLu\ éviers de enisine. — Fig. 8. Evier de cuisine insalubre. certa lv“ tem Ps
Ces l]I]pU['[-’l-’li(‘> Fig. 9. Evier salubre avee effet d’eau et siphon obturateur ventilé. sans sen o oservir
améliorations ap- par suite de la

portées aux siphons sont d'autant plus intéressantes

lente évaporation de la couche d'eau qu'ils renfer-
qu'elles émanent des premiers constructeurs francais

ment ; ainsi, lorsqu'une personne laisse son apparte-

Fig. 10. Fig. 11.
Deux cabinets & usage commun. — Fig. 10. Gabinet public insalubre avec trou & la turque. — Fig. 11. Cabinet public salubre i parois
et siege de verre, réservoir de chasse et siphon. (Modéle de la maison Geneste et Herscher.)

ment pendant deux ou trois mois d'été, les siphons | dans la pratique, en remplissant au moent du
ont pu se désamorcer peu & peu en son absence. Il | départ le siphon de glycérine ou en maintenant un
est facile de remédier & cel inconvénient, trés rare | trés petit écoulement d’eau pendant le temps ot I'ap-

Le cabinet a la turque salubre de la maison Geneste, Herscher et Cie, La Nature, ao(t 1886, 189.
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plus avantageux. Ce sont d'abord les espaces collectifs : salle d’enseignement, hopi-
taux, dortoirs, chambrées de caserne et méme écuries, mais aussi les églises, salles
de réunion, cafés, cercles, couloirs de dégagement des édifices publics, etc. Enfin, il
fait 'unanimité dans les écoles, les wagons de chemin de fer, les lieux d’aisance. Le
grand avantage, outre 'aération continue, tout en maintenant la cléture de la baie,
c'est I'entretien facile. Le lavage des vitres garantit que la poussiére ne s’y accumule
pas et les trous ne peuvent pas s'obstruer.

A. Pujol revenant sur le «verre Trélat » dans une série d’'articles sur la méme exposition
dans la revue la Construction Moderne se montre plus critique envers le dispositif
qu'il trouve inutilement compliqué et lui préfére d'autres systémes.™

Quelques réalisations utilisant du verre perforé

En 1889, une large place est faite a I'hygiéne et a I'assainissement a I'Exposition uni-
verselle qui marque le triomphe de la IlI° République. La ville de Paris aménage sur
une surface de pres de 2000 m? deux maisons types: la maison insalubre et la maison
salubre, dotée d'un systéme de tout a I'égout visitable aménagé par I'ingénieur Alfred
Durand-Claye (1841-1888)."®

Le rapport de Victor de Luynes pour la classe 19 «cristaux, verrerie, vitraux » fait bien
évidemment référence a ce produit nouveau et indique que le Conservatoire en a ac-
quis un échantillon pour les collections du musée." Les verres perforés sont égale-
ment cités dans l'article de Fernand Brunsvick sur le verre dans la construction qui les
recommande comme |I'une des nouveautés prometteuses de I'exposition avec les
opalines, les verres mousseline ou le verre armé Appert (fig. 6).'

Les revues d'architecture - L'architecture, ou la Construction moderne — mentionnent
le verre perforé pour des réalisations d’hdpitaux: les chassis d'imposte a I'hdpital
d’Arés en Gironde construit par I'architecte Jean-Frangois Emile Camus (1849-1905),™®
ou a I’'hépital Boucicaut dans le XV¢ arrondissement de Paris, réalisation des archi-
tectes Legros pere et fils,?° ol toutes les salles de malades ont des vitrages en verre
perforé. Emile Rivoalen dans la Construction Moderne ne manque pas de signaler une
nouvelle disposition adoptée boulevard Pasteur dans unimmeuble de I'architecte Léon
Bénouville (1860-1903).2' La cage d’escalier est éclairée par un mur en briques de
verre Falconnier, il y a au-dessus une imposte éclairante avec des chéssis vitrés pour
I'aération, garnis de verre coulé dit « cathédrale » et de verre perforé Trélat.

On en trouvait également a la Samaritaine de I'architecte Frantz Jourdain (1847-1935)
(magasin 2) ou les toilettes du personnel étaient un véritable catalogue hygiéniste:
revétements en pierre de verre, joints courbes en lave et verre perforé comme vitrage.
Il en existe encore, en imposte dans les salles de classe (plutot vétustes) du lycée
Janson de Sailly, rue de la Pompe a Paris, mais il n'est pas certain que cette disposition
survive a la rénovation du batiment (fig. 7).

De maniére plus inattendue, mais toujours adaptée, Jean-Frangois Luneau mentionne
I'emploi de verre perforé par le maitre-verrier et mosaiste Félix Gaudin (1851-1930)
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Cadre d'échantillons de verres imprimés, vers 1900 (?).

pour la verriére du salon Garnier du Grand hétel a Paris, réaménagé en 1900 par I'archi-
tecte Henri-Paul Nénot (1853-1934).22 On sait peu de chose de cette commande, sans
doute conséquence du succes remporté par Gaudin a I'Exposition universelle de 1900
ou il avait obtenu un grand prix pour le vitrail du plafond de la salle des fétes. Il réutilise
un dispositif dit de «grillage solidarisé » pour sécuriser ses grands panneaux a I'hori-
zontale. Afin de ventiler I'espace entre le vitrail zénithal et la verriére, il utilise ponctuel-
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Carreau en verre perforé, placé en imposte dans une salle de classe du lycée Janson de Sailly, Paris.

lement des feuilles de verre perforé reflétant bien son goGt pour I'utilisation des nou-
veaux verres. Enfin, on le trouve encore employé en 1926, pour un usage tout a fait
approprié dans un des espaces de la modernité la plus flambante, le garage de la
maison Tzara, 15 avenue Junot a Paris, seule maison construite par I'architecte Adolf
Loos (1870-1933) a Paris.?®

Un produit a la mode ?

Dans la derniére décennie du XIXe siecle, les revues d’architecture sont agitées de
nombreux débats concernant la fenétre, que ce soient les promenades architecturales
d'Emile Rivoalen (1843-1912) ou les articles d'Emile Trélat dans les divers congres
auxquels il participe. Mais ce sont surtout les hygiénistes et les médecins qui s’em-
parent de ce sujet, débattant des tailles et des qualités de vitrage, ou bien plus encore
de la ventilation.

Dans le combat hygiéniste — véritable déferlement de publications et d'imprécations
dans le contexte d’une épidémie de tuberculose qui obséde I'époque - I'offre de ma-
tériaux verriers joue tout son réle ; que ce soit pour assurer la ventilation continue, ou
pour offrir un revétement lavable et sans joints par rapport au carreau de céramique.
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Laissons la parole aux ingénieurs Léon Appert et Jules Henrivaux (1848-1930) faisant

le point sur les derniers progrés réalisés par I'industrie verriére : « Partout l'air, la lu-
miére, les lavages rendus faciles, les impuretés de parois rendues visibles, telles sont

les conditions que I'emploi du verre permet seul de réaliser et qui établissent bien

nettement le réle que peut et doit jouer le verre comme coopérateur et agent principal

de I'hygiéne ».24

Cependant, il est bien difficile de repérer plus précisément la fabrication et la diffusion

du verre perforé. En effet, faute d’'archives, il n'est pas possible de savoir si la verrerie

Appert a licencié d'autres fabricants. Nous n’en avons pas trouvé trace chez Saint-
Gobain et n'avons pas trouvé mention d’'autres verreries le produisant. C'est un produit
de niche, mais sirement coliteux vu I'importance des finitions a la main.2® D'apres les

rares publicités retrouvées dans la presse technique et architecturale, il semble que

le verre perforé se soit diffusé pendant une trentaine d’années. Faut-il conclure que le

déménagement de la verrerie Appert de Clichy vers Bagneaux?® en 1931 et son recen-
trage sur les productions de verre pour applications scientifiques ont signé la fin du

verre perforé?

Finalement pour apprécier ce produit marginal, il reste les enquétes de terrain dans

des batiments anciens (écoles, hdpitaux, cages d’escalier), ou dans les réserves des
peintres verriers. Elles devraient contribuer a quelques redécouvertes et éclairer la

place et les emplois de cette production marginale dans le domaine du verre plat.

1 Carré 2010, 1127-1133. Voir aussi la contribution d'Emma Groult dans ce volume sur ce sujet.

2 Enrachetant en 1885 le brevet de Frederick Mason et John Conqueror. Carré 2004, 63-74.

3 Lesarchives de Saint-Gobain ont été consultées, sans succes. Il n'a pas été entrepris de
recherches dans d’autres fonds privés — au demeurant assez rares, mais on peut toutefois
souligner que Saint-Gobain est déja une multinationale au XIX® siécle, avec des usines en
Belgique, en Allemagne et en Italie.

Demeulenaere-Douyere 2013.

Léon Appert dépose plus de seize brevets en son nom ou en celui de I'entreprise familiale
qu'il gére avec son frére. Carré 2013, 169-179 et Archives Nationales, F12/5082.
Fontanon et Grelon 1994, volume 2, 611-623.

7 Seitz 1995. L'école est autorisée en 1865 sous le nom d’Ecole centrale d’Architecture et prendra
le nom d’Ecole spéciale d’Architecture au moment ou elle sera reconnue d'utilité publique en
1870.

8 Il est député de la Seine de 1891 & 1893.

9  Guadet 1895.

10 Je remercie Steeve Gallizia, service des archives de I'INPI, pour la mise a disposition du brevet,
des mémoires et certificats d’addition. Le premier certificat d’addition est daté du 3 mai 1885, le
second est daté du 10 juillet 1886. Les déposants sont représentés par la maison Chassevent,
boulevard Magenta a Paris.

11 Brevet n® 168.270 du 9 avril 1895 déposé par la Société Appert fréres et la Société Geneste,
Herscher et Cie pour un produit industriel nouveau dit : verre perforé et ses applications.

12 Voir Carré et al. 2012.

13 DrZ. 18864, 20.

14 DrZ.1886b, 189.

15 Pujol 1886, 538.

16 Simon 2018.
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17 Luynes 1891, 171. La série d'échantillons de couleur, encore conservés aujourd’hui (no. inv.
11500-0007) provient donc du stand de la maison Appert fréres, car Victor de Luynes occupait
la chaire de céramique, verrerie et teintures au Conservatoire des Arts et Métiers.

18 Brunsvick 1900, 81-82.

19 Olive 1904, 475-479.

20 Anonyme 1898, 471.

21 Rivoalen 1900, 556-557.

22 Luneau 2006, 480 et annexes. Je remercie Jean-Frangois de m’avoir permis de publier ces
images.

23 Voir la notice de la base Mérimée, https://www.pop.culture.gouv.fr/notice/merimee/
PA00086746 (consulté le 22 aolt 2022).

24 Appert et Henrivaux 1894, 53.

25 Atitre de comparaison, d'aprés un tarif de 1903 retrouvé aux archives de Saint-Gobain, on sait
qu'Appert vendait le verre imprimé de couleur environ 7 Franc le métre carré et les plaques
d'opaline, autre produit hygiénique, entre 6 et 18 Franc le demi-meétre carré, selon I'épaisseur
demandée.

26 Carré 2013, 174.
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LE PLUS AGREABLE SPECTACLE DU MONDE
FLACHGLAS ALS PRAGENDES ARCHITEKTUR-
ELEMENT DES DRESDNER ZWINGERS

Peter Heinrich Jahn

Abstract

The Dresden Zwinger, built from 1710 to 1728, is a courtyard-like Baroque ensemble of festive
buildings that started with an orangery, and is a prime example of the lavish use of window
glass in the Baroque period. The translucent qualities of the Zwinger’s architecture have nev-
ertheless barely been appreciated to date. The lower greenhouse galleries and upper festive
halls, which are glazed respectively on both sides and all around, are a rejoinder to the Galerie
des Glaces at Versailles Palace, as well as to the orangeries at the neighbouring Chateau de
Clagny (the home of Louis XIV’'s mistress), and the Chateau de Chantilly (located to the north
of Paris). The unrealized design for the Kronentor, a completely glazed tower, may have been
inspired by comparable Roman designs and, had it been executed, would have been unique.
The glazing of the Zwinger buildings can be seen (at greenhouse level) as purely functional or
(in the pavilions) as constituting an allusion to open-tent architecture, by providing translucent
closings. There are indications of the innovative use of precious mirror glass as exterior glaz-
ing for the pavilions. Finally, an interior design for a royal reception hall intended for the east-
ern central pavilion has provision for wall glazing with mirrors in line with Versailles.

Keywords

Early modern glass architecture, mirror glass, glazing, orangery, gallery

In einer grossformatigen Kupferstichedition prasentiert der in Dresden wirkende Ba-
rockarchitekt Matthaus Daniel Péppelmann (1662-1736) den Zeitgenossen sowie der
Nachwelt sein baukiinstlerisches Meisterwerk und preist darin euphorisch, mit Einzig-
artigkeit reklamierenden Worten dessen Glasreichtum sowohl hinsichtlich Quantitat
als auch Qualitat: »[...] la quantité des grandes glaces, qui sont aux fenétres & aux por-
tes, [...] forment a la vle le plus agréable spectacle du monde.«' Gegenstand jener
Edition ist der sog. Dresdner Zwinger, ein hofartig disponiertes barockes Ensemble
von Festgebauden, das seinen Ursprung in einer Orangerie hatte und vorrangig durch
seine rapportartig wiederholte Bogenstruktur gepragt wird (Abb. 1, 7).2 Und weil diese
unzahlig anmutenden feingliedrigen und ornamental reich verzierten Steinbdgen
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Ansichten des sog. Dresdner Zwingers: Pavillongruppe der wallseitigen Bogengalerie sowie
Graben- und Hofseite der Langgalerie samt Kronentor, erbaut 1710-1719 nach Entwirfen von Matthaus
Daniel Poppelmann.

mittels Sprossenfenster geschlossen sind, welche die steinerne Architektur um ein
Mehrfaches an Flache lbertreffen, darf das Bauwerk als eine veritable vormoderne
»Glasarchitektur« gewertet werden.® Als solche ist der Dresdner Zwinger architektur-
historisch allerdings in der Vergangenheit kaum gewdirdigt worden.* Erst jlingst hat
der Verfasser vorliegender Zeilen an anderer Stelle ausfiihrlich diesem Manko abge-
holfen.® Diese erste Wirdigung wird hier nicht bloss hinsichtlich der funktionalen und
bedeutungstragenden Aspekte der Verglasung resiimiert, sondern auch um neue,
insbesondere die beiden zentralbauartigen Mittelpavillons betreffende interpretatori-

sche Gedanken bereichert.

Auftraggeber des Dresdner Zwingers war der sachsische Kurflrst Friedrich August 1.
(1670-1733, reg. ab 1694), besser bekannt als »August der Starke«, der sich 1697 zum
polnischen Konig hatte wahlen lassen. Seitdem legte dieser deutsche Landesflirst ein
seinem neuen Rang entsprechendes gesteigertes Reprasentationsbedlirfnis an den
Tag, das international orientiert war, um mit den europaischen Konigshéfen konkurrie-
ren zu kdnnen.® Dies ist der hauptsachliche Grund, warum die im Folgenden vorzu-
stellende Zwingerarchitektur, welche ab 1710 ins Werk gesetzt wurde, so ambitioniert
ausfallen musste. Der eingangs zitierte Péppelmann war leitender Dresdner Hofarchi-
tekt — als Zwingerbaumeister ist er in die Architekturgeschichte eingegangen.”
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Chantilly, Vedute der an die Gallerie des Cerfs angebauten Orangerie, anonyme Radierung, um 1670,

Pierre Aveline zugeschrieben.

Die einzelnen Zwingerbauten und deren Verglasung

Obzwar die Zwingerarchitektur von unzéahligen Bogenfenstern gepragt wird und da-
durch einheitlich erscheint, zerfallt Sie dennoch in mehrere Komponenten, allein
schon durch die an verschiedenen Stellen aufragenden Pavillonbauten (Abb. 1).8 Zu-
dem sind diese Komponenten fur unterschiedliche Zweckbestimmungen konzipiert
gewesen, die durch die Umnutzung der Anlage als Hofmuseum seit 1728 ihre bis heute
andauernde Relativierung erfahren haben.® Die alle Teilbauten wie ein glasernes Band
zusammenbindende Komponente der Zwingerarchitektur bilden die unteren Bogen-
reihen. Deren grossflachige Verglasung erklart sich aus der urspriinglichen Nutzung,
weil die dahinterliegenden Hallen anfanglich als Winterung fur eine umfangreiche
Orangerie dienten, die August der Starke sich peu a peu zusammengekauft hatte.™

Die vom Wall hinterfangenen und eine u-formige Exedra formierenden westseitigen
Fligel folgen aufgrund ihrer von einer Futtermauer gebildeten geschlossenen Riick-
wand dem gangigen Typus der damaligen Orangeriearchitektur." Hinsichtlich der Fili-
granitat der Pfeiler- und Bogenarchitektur haben sie in der einstigen Orangerie des
franzosischen Landschlosses Chantilly einen prominenten Vorlaufer.'? Die hauptsach-
liche Bildquelle fiir diesen Gewachshausbau (Abb. 2) gibt auch eine im 90°-Winkel
daran ansetzende und formal 8hnlich gestaltete Gartenloggia (sog. Gallerie des Cerfs)
wieder, was einen Entwicklungsstrang solcher Orangeriebauten offensichtlich werden
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Eine Halle der Langgalerie des Dresdner Zwingers konfrontiert mit einer 3D-Rekonstruktion der Orangerie von
Schloss Clagny bei Versailles.
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lasst, namlich ein Hervorgehen aus dem Verglasen von Loggienarchitekturen. Daraus
ist auch der den Orangerien verwandte und deren Entwicklung vice versa mitbestim-
mende Bautyp der franzosischen Schlossgalerien entstanden.™

Bei der vom sog. Kronentor mittig akzentuierten Langgalerie (Abb.1 u.), die als be-
darfsbedingte Erweiterung der wallseitigen Gewachshaushallen (Abb. 1 0.) konzipiert
worden war, fiihrte der besondere Standort entlang des Festungsgrabens dazu, nun
auch die grabenseitige Rickwand in Arkaden aufzulosen, sodass eine auf beiden Sei-
ten gleich getaktete Verglasung entstanden ist. Einen Vorlaufer flr eine derartige Maxi-
malverglasung mit gleicher Nutzungsfunktion gab es einst im Umkreis der franzosi-
schen Konigsresidenz Versailles, namlich am Satellitenschloss Clagny, das als Matres-
senresidenz dem Hauptschloss unweit benachbart war (Abb. 3).™

Das in der Mitte der Langgalerie aufragende Kronentor war urspriinglich als vollver-
glaster Zugangsturm der beiden Gewachshaushallen konzipiert (Abb. 4), moglicher-
weise inspiriert durch einen vergleichbaren Treppenhausentwurf des papstlichen
Architekten Carlo Fontana (1638-1714) (Abb.5)." Bald schon erfolgte allerdings eine
Umplanung zu einem dauerhaft offenen Torturm, weil eine Briicke liber den Festungs-
graben geschlagen werden sollte. Die beiden Gewachshaushallen waren seitdem
voneinander getrennt (vgl. Abb. 3 1i.). Gerade bei nachtlichen llluminationen hatte eine
Verglasung des Kronentors, die POppelmann als verschenkte Option ins Zwingerstich-
werk aufnahm,® ihre transluziden Qualitaten voll und ganz entfaltet (Abb. 4).”

Die vom Wall aus sich entwickelnde Orangerie war zunachst von zwei seitlich ange-
ordneten Pavillonbauten Uberhoht, welche Festsale enthalten und daher gemeinhin
als »Saalpavillons« bezeichnet werden (Abb. 1 0.). Deren Architektur greift die Bogen-
stellungen des Gewachshausgeschosses auf und setzt diese rundum fort, dies im
Rechteck mit 9 auf 3 Achsen. Letztlich entstammen auch diese Saalbauten der fran-
z6sischen Galeriebauweise, und es ist kein Zufall, wenn fir die (1945 kriegsbedingt
zerstorte) Innengestaltung des rechten Pavillons offensichtlich die bertihmteste aller
Schlossgalerien zum Vorbild genommen wurde: die Galerie des Glaces im koniglichen
Residenzschloss zu Versailles.’® Wahrend dort aber baubedingt als letztlich Eindruck
machender Notbehelf eine blinde Langswand mit Spiegeln verkleidet werden musste,
um den Eindruck einer beidseitig gleichmassig durchfensterten Galerie zu erzeugen,
bestand in Dresden diese Problemsituation aufgrund der allseitigen Freistellung der
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Kronentor des Dresdner Zwingers mit urspriinglich projektierter Vollverglasung, links in einer zeitgendssischen

planungsbasierten Darstellung, gezeichnet von Carl Heinrich Jacob Fehling, um 1725, rechts als aktuelle, vom Verfasser

betreute digitale 3D-Rekonstruktion, modelliert von Falk Schieber, Dresden, 2010/11, und visualisiert durch m box

bewegtbild GmbH, Berlin, 2018/19.

Saalpavillons nicht. Dennoch spricht Poppelmann im zweisprachig kommentierten
Zwingerstichwerk bei samtlichen Pavillonaufbauten des Zwingers von »grossen Spie-
gel=Scheiben« bzw., wie eingangs zitiert, von »grandes glacesg, allerdings in der Ver-
wendung als Fensterglas.?’ Auch dafiir dirfte das Versailler Schloss Pate gestanden
haben, weil in dessen Reprasentationsetage und insbesondere in der bereits erwahn-
ten Spiegelgalerie diese innovative, aber kostspielige Art der Fensterverglasung erst-
malig zum Grosseinsatz kam.?' Der Vorteil von Spiegelglas gegentliber konventionel-
lem mundgeblasenem Fensterglas lag darin, nach aufwendigen Schleif- und Polier-
vorgangen moglichst glatt sowie weitgehend blasen- und schlierenfrei zu sein und
dadurch einen ungetriibten Durchblick zu gewahren.?? Wenn Poppelmann die Spie-
gelscheiben der Zwingersale zudem als »gross« attribuiert, dann trifft er damit nicht nur
eine produktionstypische Qualitat dieser besonderen Flachglassorte, sondern er zielt
damit auch auf den Formatunterschied zu dem kleiner zugeschnittenen Fensterglas
des Galeriegeschosses ab, den einschlagige zeitgendssische Bildquellen anhand der
Fenstersprossen erkennen lassen, neben einigen Tafeln des Zwingerstichwerks auch
die bekannte, um 1750 von Bernardo Bellotto (gen. Canaletto) gemalte Vedute des
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Carlo Fontana, Entwurf fiir ein Zeremonialtreppenhaus unbekannter koniglicher Bestim-

mung, Fassadenriss, undatiert (1680er-Jahre?), grau und blau lavierte Risszeichnung in Bister.
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Zwingerhofes (Abb.9).2® Die Verglasung der Saalpavillons dient zunachst wie in
Versailles dem Zweck, das Innere visuell und dennoch witterungsgeschiitzt zum Gar-
ten hin zu 6ffnen, in Versailles jedoch im Sinne einer erhdhten Loggia, in Dresden hin-
gegen, um den Eindruck eines allseitig offenstehenden Gartenpavillons zu evozieren.
Ab 1716 gesellte sich zwischen die beiden Saalpavillons ein weiterer Pavillon, der nun
im Orangeriegarten den Ort des Kdnigs markieren sollte (Abb. 1 0.). Das heute als Wall-
pavillon bezeichnete Bauwerk wurde, auf mit Satyrhermen dekorierten Pfeilerarkaden
gestutzt, Uber einer bereits bestehenden Freitreppe errichtet. Aufgrund seiner in wei-
tere verglaste Bogenoffnungen aufgeldsten Wande reiht sich der Wallpavillon in die
Zwingerarchitektur ein, hebt sich aber zugleich davon ab, indem der zehneckig-poly-
gonale Grundriss das bisher vorherrschende Orthogonalsystem verlasst und zudem
alle Bogenstellungen gekrimmt sind, was seitlich markant spornartig vortretende
Pfeiler entstehen liess (Abb. 6 li.). Wie ist dieser System- und Stilwechsel zu erklaren?
Auf diese Frage hat man bislang keine befriedigende Antwort gefunden.?* Zur Lésung
des Ratsels gibt es aber Indizien: Péppelmann bezeichnet im Zwingerstichwerk samt-
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Wallpavillon des Dresdner Zwingers in Seitenansicht, konfrontiert mit einem noch plan gestalteten Vorentwurf,

letzterer veroffentlicht in Poppelmann 1929, Taf. VIl (Radierung von Johann Georg Schmidt).

liche Saalaufbauten der Zwingergalerien als >zeltformige Gebaude«.?® Das bedeutet,
dass auch die eben schon besprochenen Saalpavillons als in Stein, Glas und Kupfer-
blech verstetigte Zelte zu begreifen sind, wie sie damals bei hofischen Gartenfesten
als Sonnen- und Witterungsschutz gebrauchlich waren. Entsprechend entnimmt man
einem ebenfalls im Zwingerstichwerk veroffentlichten Vorentwurf fir den Wallpavillon
mit noch gerader Seitenwand ein Dach, das um textile Schmuckelemente in Form von
Lambrequins bereichert ist (Abb. 6 re.).?8 Der Zelt-Topos und die urspriinglich geplan-
ten, aber dann nicht mehr realisierten Lambrequins sind der Schliissel zum Verstand-
nis der gekrimmten Bogenwande: Diese sollen in der polygonalen Anordnung offen-
bar auf textile, dabei sich vor- oder nach innen bauchende Zeltwande alludieren. Das
Vorbild fiir diese Gestaltung dirfte in den seit den Tlrkenkriegen in Europa bewunder-
ten und begehrten Rundzelten der Osmanen zu suchen sein, medial vermittelt bei-
spielsweise durch eine von dem Hamburger Verleger Thomas von Wiering in den
1680er-Jahren mehrfach publizierten und dabei mit Kommentaren versehenen Holz-
schnittdarstellung (Abb.7 Ii.).?” Der riickseitig dem Wallpavillon vorgebaute pfeiler-
und saulengestiitzte Eingangsbaldachin ware dann als Allusion auf das obligatorische
Vorzelt zu interpretieren (Abb. 7 re.).?® Bekannt ist, dass August der Starke sich gerne
als Tiirkensieger inszenierte,?® weshalb der Wallpavillon sogar als Allusion auf ein Beu-
tezelt verstanden werden darf. Die Verglasung der Bogenoffnungen erfillt hier den-
selben Zweck wie bei den Saalpavillons: Evoziert werden namlich zu Offnungen hoch-
geraffte Zeltwande, die in Stein verstetigt und transluzent witterungsfest gemacht eine
gleichsam nie enden wollende Festsituation vergegenwartigen.

Im Jahr 1718 fiel dann die Entscheidung, den Zwingerhof stadtseitig durch Symmetri-
sieren der wallseitigen Pavillongruppe zu schliessen. Der Wallpavillon erhielt mit dem
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Rickseite des Wallpavillons im Dresdner Zwinger (re.), konfrontiert mit der friihneuzeitlichen Darstellung eines
Tlrkenzelts (Holzschnitt von Melchior Lorck, nach 1560/vor 1583) , neu abgedruckt in: Werner Eberhard Happel,
Thesaurus Exoticorum, Hamburg 1688, Abb. auf S. 68.
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sog. Stadtpavillon (heutzutage als »Glockenspielpavillon« bekannt) ein formgleiches
Gegenlber, das aber vom Zehneck zu einem Zwdlfeck aufgeblaht ist (Abb. 8, 9). Seit-
lich der Durchfahrt angeordnete Innentreppen fluhrten zunachst in die Bogengalerien,
die nun allerdings nicht mehr als Gewachshauser dienten, sondern als grosszligig
befensterte Korridore, von denen einer zu einem Operntheater flihrte, wahrend der
andere dazu vorgesehen war, die Verbindung zu einem geplanten, aber nie gebauten
Redoutensaal zu schaffen.®® Die Erschliessung des Obergeschosses erfolgte tber
eine an der Aussenseite entlanggeflihrte (und im 18. und 19. Jahrhundert in zwei
Schritten beseitigte) doppellaufige Freitreppe, die gleichsam als ein ins Freie verleg-
tes Zeremonialtreppenhaus fungierte, weil der Pavillon der urspriinglichen Intention
zufolge als Empfangssaal flir Festgaste dienen sollte. Zu diesem ist ein letztlich nicht
realisierter Entwurf POppelmanns erhalten geblieben, im Detail aber bislang noch
nicht adaquat gewlrdigt worden (Abb. 8 re.).?' Darin gesellt sich zur dem Wallpavillon
aquivalenten Verglasung noch eine mit wassrig-blauer Lavierung angedeutete Ver-
spiegelung von drei Raumachsen nach Vorbild der Versailler Spiegelgalerie. Der unter
einem Baldachin thronende Konig samt zweier Familienmitglieder ware von dieser
Spiegelwand und deren Reflexionslicht prestigetrachtig hinterfangen worden, wohin-
gegen Mitglieder des Hofstaates vor den grossen Bogenfenstern, dadurch von ge-
wohnlichem Tageslicht hinterstrahlt, auf triblinenartig gestaffelten Bankreihen Platz
nehmen sollten. Das zum Hof weisende Mittelfenster hatte flir diesen Hierarchie ver-
mittelnden Inszenierungseffekt vermauert werden missen - der Reprasentation zu-
liebe ist nun von Spiegeln reflektiertes Licht kostbarer als direktes Tageslicht.
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Matthaus Daniel Péppelmann, Entwiirfe zum Stadtpavillon des Dresdner Zwingers (heutiger sog. Glockenspiel-
pavillon), 1718, links oben: Aussenfassade (Radierung von Christian Albrecht Wortmann), links unten: Grundriss des
Erd- und Galeriegeschosses (Radierung von Christian Friedrich Boétius; jeweils aus Poppelmann 1729), rechts: Schnitte

durch den oberen Saal und (im Geschoss springend) durch die Galerien sowie Grundriss auf Saalniveau (farbig lavierte
Risszeichnung).

Historische Ansicht des Zwingerhofes in Richtung Residenzschloss und Stadt (gen Osten), um 1750, C)Igemélde von
Bernardo Bellotto gen. Canaletto, 134 x 237 cm, Dresden, Gemaldegalerie Alte Meister.
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Fazit

Generelle Anregungen zur Glasarchitektur des Dresdner Zwingers kamen, da er als
Orangeriegebaude ins Werk gesetzt wurde, vom franzésischen Galerie- und Gewachs-
hausbau. Wohl durch Synthese desselben mit einem grosszligigen Glaseinsatz zei-
genden romischen Treppenhausentwurf entstand im Entwurf ein Ausnahmebauwerk
innerhalb dieser Gebaudegattung: die Langgalerie des Zwingers in Gestalt eines beid-
seitig gleichmassig verglasten und von einem vollverglasten Turm tGberhdhten Ge-
wachshauses. Eine Umplanung des Turms in einen Torbau vereitelte jedoch dessen
Verglasung.

Die grossflachige Verglasung der die Erscheinung der Zwingerarchitektur pragenden
Bogenarchitekturen hatte unterschiedliche Zwecke zu erfiillen und anhand der ver-
wendeten Glasqualitaten eine Hierarchie zu vermitteln. Unten, im Bereich der Ge-
wachshaushallen, war rein funktional die fiir das Gedeihen der Pflanzen notwendige
Licht- und Warmezufuhr zu gewahrleisten, wozu offenbar gewohnliches, also mund-
geblasenes Fensterglas verwendet werden konnte. Im oberen Bereich hingegen, bei
den von der Hofgesellschaft genutzten Pavillons und deren Salen, leistete die Vergla-
sung ihren Beitrag zur Realisierung einer besonderen architektonischen Gestaltungs-
idee und war zudem mit Bedeutung aufgeladen. Baulich wird ein stetiges Geoffnetsein
der Bogenarchitekturen zum Garten hin evoziert, weil die Pavillons in Ubertragenem
Sinne als offene Zelte zu begreifen sind. Qualitativ wird die innovative und zugleich
luxuriose Aussenverglasung des Versailler Konigsschlosses mit glatt geschliffenem
und poliertem Spiegelglas nachgeahmt. Letzteres passte zur offensichtlichen Para-
phrase der Versailler Spiegelgalerie in Material und Dekor in den beiden wallseitigen
Séalen des Zwingers und der beabsichtigten Nachahmung von deren Spiegeleffekten
im Entwurf eines in den Stadtpavillon integrierten Empfangssaals. Beide Arten von
Spiegelglas waren beim Dresdner Zwinger in bedeutungstragendem Sinne eingesetzt,
weil sie Hierarchie und den Anspruch auf koniglichen Rang vermittelten.

Der Dresdner Zwinger reiht sich somit in einen damals herrschenden europaischen
Trend ein, bei Prestigebauten der koniglichen Sphare weitgehend schlieren- und bla-
senfreies Spiegelglas zur Verglasung der Fenster einzusetzen. Was mit der Reprasen-
tationsetage des Versailler Schlosses, insbesondere des Spiegelsaals, begonnen
hatte und in der dortigen Schlosskirche seine baldige Fortsetzung erlebte,®*2 wurde
beispielsweise um 1700 in England aufgegriffen: Dort hatte man in der kdniglichen
Sommerresidenz Hampton Court den prestigetrachtigen Mittelrisalit im Osttrakt an-
spruchsvoll mit Spiegelglas verglast.®

Ungewohnlich erscheint der Dresdner Einsatz von Spiegelglas keineswegs, hatten
doch alle am Zwingerbau beteiligten Protagonisten ihre Erfahrungen mit dieser tech-
nologisch neuartigen und kostspieligen, daher auch prestigetrachtigen Art der Ver-
glasung gemacht: August der Starke war in den 1680er-Jahren wahrend seiner Grand
Tour in Frankreich am Konigshof zu Gast und hatte bei dieser Gelegenheit neben den
einschlagigen franzésischen Galerie- und Orangeriebauten insbesondere die Versailler
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Spiegelgalerie des von ihm zeitlebens bewunderten Ludwig XIV. personlich sehen und
erleben kénnen.?* Sein auch als sachsischer Gussglaspionier hervorgetretener Hof-
wissenschaftler, Ehrenfried Walther von Tschirnhaus (1651-1708), folgte 1701 mit einer
Frankreichreise, in deren Verlauf er in Paris die kdnigliche Spiegelmanufaktur besich-
tigte.®® Schliesslich zog Poppelmann als sein leitender Hofarchitekt 1715 nach, bereis-
te anndhernd dieselben Orte wie einst sein Dienstherr drei Jahrzehnte zuvor und konn-
te nun als Novitat die Versailler Schlosskirche bewundern.3¢

Das Wissen vom innovativen Bauen mit Glas jedenfalls war in Dresden vorhanden.
Daraus entstand eine barocke Glasarchitektur, deren Einzigartigkeit schon ihrem
Architekten bewusst war.

Poppelmann 1729, ediert bei Keller 1980, Avertissement, 4. Spalte.

Monografisch zum Bauwerk: Loffler et al. 1992, 70-71; Welich 2002. Zuletzt planungsgeschicht-
lich: Jahn 2009; altere defizitare Darstellungen bei Heckmann 1972, 76-92, 101-138, 155-162,
Franz 1986 und Kirsten 1987a werden dadurch partiell korrigiert.

Die barockzeitliche Verglasung ist allerdings schon friih diversen Renovierungskampagnen zum
Opfer gefallen.

Lediglich marginal erwahnt bei Fischer 1970, 77, dort unzutreffend in einer Reihe prominenter
Maisons de Plaisance, und Ullrich 1989, 41, dort zu Recht innerhalb der als Vorgeschichte fur die
moderne Glas-Eisen-Architektur begriffenen Orangerien des 18. Jahrhunderts.

Jahn 2022.

Zu dessen Dresdner Bauprogramm zuletzt Hertzig 2019a, 137-163. Zu Person und Politik siehe
z.B. den Tagungsband: August der Starke und seine Zeit 1995.

Monografisch: Heckmann 1972, Marx 1989; speziell Jahn 2017 zu Poppelmanns Status als Hof-
baumeister.

Zum Bau- und Verglasungsfortschritt im Detail siehe Jahn 2022, 359-369.

Vgl. Loffler et al. 1992, 70-71, Welich 2002, 33-34.

Siehe Balsam 2015 sowie Puppe 2002, 14-17.

Zu letzterer vgl. Tschira 1939, 24-73, Ullrich 1989, 38-46. Speziell zur Exedrenform vgl. Tschira
1930, 63-64; zuletzt hierzu Paulus 2015, 73-74.

Vgl. Tschira 1930, 25-26, inkl. Abb. 13, erganzend Jahn 2022, 372-374, Abb. 17. Erbaut 1682-1684
durch Jules Hardouin-Mansart; vgl. Babelon 1999, 92-93, dazu Abb. ebd., 33, 77, erganzt um
Babelon 2010.

Zu letzterem vgl. Bittner 1972, 138-149, und Sabatier 2010.

Von Jules Hardouin-Mansart bereits ab 1675 errichtet und im spateren 18. Jahrhundert wieder
zerstort; vgl. Krause 1996, 66-74, bzw. Maroteaux 2010. Bei beiden allerdings keine Auskunft
zum Orangeriefliigel, der auch in Gesamtdarstellungen zur Orangeriebauweise bislang liberse-
hen worden ist, so z. B. bei Tschira 1939 und Woods et al. 1988. Online veroffentlichte digitale
3D-Rekonstruktionen sind Franck Devedjian und Hervé Grégoire zu verdanken:
https://frwikipedia.org/wiki/Ch%C3%A2teau_de_Clagny bzw. https://commons.wikimedia.org/
wiki/User:Franck_devedjian (aufgerufen am 17.11.2021).

Ausflhrlich hierzu Jahn 2022, 360-366, 375-376 (Erratum: Die dort in Anm. 47 angefiihrten
Baurisse sind als Nr. 25 archiviert, nicht als Nr. 24 wie angegeben).

Péppelmann 1729, Taf. VII, untertitelt: Fagade du second Etage Du Portail de I'orangerie Royale
bzw. Reprint Keller 1980, Taf. 6; dort wird die niemals ausgefiihrte Verglasung erwahnt; vgl. auch
Jahn 2013, 88-89, Nr. 35.

Imaginiert in der Ansicht eines im September 1719 im Zwingerhof abgehaltenen nachtlichen
Festes: Staatliche Kunstsammlungen Dresden, Kupferstich-Kabinett, Inv. Nr. Ca 2013-1/25,
katalogisiert bei Schnitzer 2014, 295, Nr. 159, dazu Abb. auf S. 190-191. Erst bei Jahn 2022,
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363-365, Abb. 10, die Erkenntnis, dass die dargestellte Verglasung des Kronentors einer nicht
verwirklichten Planung folgt.

Vgl. Loffler et al. 1992, 42-43. Diesbezliglich erstmalig Sulze 1957, 217, zuletzt May 1990/91,
188-189. Nachvollziehbar ist diese Rezeption anhand einer bei Marx 1989, Abb. 40, farbig
reproduzierten Guache, welche den Vorkriegszustand des sog. Marmorsaals im nordwestlichen
Saalpavillon dokumentiert.

Speziell zur Verglasung respektive Verspiegelung derselben vgl. Melchior-Bonnet 2001, 46-48,
sowie Maral 2007, 48, 53, zusammen mit Amelot et al. 2007, 380-382, auch Amelot et al. 2013,
98-101, Belhoste 2013, 146-148; zuletzt hierzu Hamon 2017, 136-142, bzw. Hamon 2019, 339,
346-349; bei Berger 1985, 55-58, zudem ein entwicklungsgeschichtlicher Exkurs (56-57).
Einem verbreiteten Fehlschluss unterliegen u. a. Wigginton 1997, 27-28, und Lietz 1982, 106,
indem der Einbau innovativer Gussglassspiegel angenommen wird. Zur Bedeutung der Versailler
Spiegelgalerie zuletzt Larsson 2015, 51-55.

Poppelmann 1729, ediert bei Keller 1980, Bericht, 6. Spalte: »Jeder Saal formiret einen besondern
Bau, woran die Menge der grossen Spiegel=Scheiben in den Fenstern und Thiiren [...] sehr schon
ins Gesichte fallen.« Der aquivalente franzdsische Text ist das mit Anm. 1 belegte obige Zitat.

Vgl. Hamon 2019, 339, 342, 349; andeutungsweise auch schon Hamon 2017, 140, 144. Lietz
1982, 106, hingegen schlieBt zu Unrecht Fensterverglasungen mit Spiegelglas aus, aufgrund des
Kostenfaktors.

Zur Geschichte der Spiegelglasproduktion siehe neben Melchior-Bonnet 2001, 35-69, auch
Belhoste 2013, 145-146, 149-150, 151-155, sowie Hamon 2017, 135, 137, 142-144, bzw. Hamon
2019, 332-336, 339; vgl. auch Fischer 1970, 78-82; Wigginton 1997, 27-28.

Kozakiewicz 1972, I, 131 (Nr. 164); vgl. ebd., I, 84, 88-89, 100-102. Bei P6ppelmann 1729 zeigt
z.B. die das Nymphaum abbildende unnummerierte Tafel: Elevation de la facade du Salon vis a
vis du bain de l'orangerie royale, Reprint Keller 1980, Taf. 16, eine in den Scheibenformaten ver-
gleichbare Verglasung: auf Ebene des Brunnenhofs 48 Glasscheiben pro Fenstertir, am Fest-
saal darlber lediglich 12 Stlick pro Fenster. Fir letztere 1asst sich eine damaliger Spiegelglas-
produktion durchaus entsprechende Scheibenhéhe von ca. 75 cm errechnen. Ausfihrlich zu
den einstigen Glasqualitaten des Zwingers: Jahn 2022, 377-382.

Lediglich hinsichtlich der Bauformengenese hat Heinrich Gerhard Franz mehrfach und durchaus
zu Recht auf die imitative Rezeption kurvierter béhmischer Sakralarchitektur hingewiesen: u.a.
Franz 1986, 50-53, zuletzt Franz 2000, 73-74.

Poppelmann 1729, ediert bei Keller 1980, Avertissement, 4. Spalte: »Tout I'edifice en general
consiste d'ailleurs en six Sales spatieuses, & ressemble a un Pavillon, [...]J« bzw. ebd., Bericht, 6.
Spalte: »Sonst bestehet das gantze Werck iberhaupt aus Sechs geraumen Sélen, und einem
andern Zelt=férmigen Gebaude, [...].« Mit letzterem, von dem im franzdsischen Textaquivalent
nicht die Rede ist, meint Péppelmann das Kronentor. Dessen Zeltformigkeit ist in der deutschen
Fassung riickbezliglich auf die sechs Séle zu Uibertragen (n.b.: Die genannte Anzahl an Salen ist
das Resultat noch zu besprechender baulicher Erweiterungen!).

Ebd., Taf. VII, untertitelt: Fagade du coté du Grand Escalier [...] au haut de la sale, bzw. Reprint
Keller 1980, Taf. 11. Zur Rolle der Darstellung als Vorentwurf vgl. Jahn 2013, 92-93, Nr. 37.
Turckis.[cher] Estats- und Krieges-Bericht, 1683/84, Nr. 52: »Ein Tirckisches Zelt«, neu abge-
druckt in: Der Tiirckische Schau-Platz, 1685, ausflihrlicher kommentiert sodann durch Werner
Eberhard Happel, Thesaurus Exoticorum. Oder eine mit AuBBlédndischen Raritdten und Geschich-
ten Wohlversehene Schatz-Kammer, 1688, andere Abt., 65-68: »Eines Tlrckischen Zelts
Beschreibung« mit Abb. auf S. 68, alle drei Ausgaben verlegt in Hamburg durch Thomas von
Wiering. Erstveroffentlichung innerhalb der unkommentierten Bildedition: DeB8 Weitberihmbten/
Kunstreichen und Wolerfahrnen Herrn Melchior Lorichs/Flensburgensis, Wolgerissene und
Geschnittene Figuren/zu RoBB und Ful3/sampt schonen Tirckischen Gebdwden/und allerhand
was in der Tirckey zu sehen, Hamburg: Michael Hering, 1626 (ohne Tafelzéhlung). Zur Editions-
geschichte vgl. Hillgaertner 2016.

Zu einer vergleichbaren zeitgleichen Pseudo-Zeltarchitektur, dem von Johann Lucas von Hilde-
brand in Wien fur den kaiserlichen Feldherrn Prinz Eugen allusiv in Form eines Kommandozeltes
gestalteten Gartenpalast (sog. Oberes Belvedere), vgl. Stephan 2010, 43-45, 58, 73.
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29 Vgl. Schuckelt 1995, 175-177, Schnitzer 1995, 231, und Mikosch 1995, 235, 236, 243.

30 Diese Disposition zeigt bei Péppelmann 1729 die Grundrisstafel (Reprint Keller 1980, Taf. 2).
Haufig ist irrig angenommen worden, das Redoutenhaus hatte zumindest als ephemeres
Interimsbauwerk existiert, u. a. von Loffler et al. 1992, 46; Keller 1980, Kommentar zu Taf. 2;
selbst Jahn 2009, 60-61, 62-63.

31 Sachsische Landesbibliothek - Staats- und Universitatsbibliothek, KS B1976: farbig lavierte
Risszeichnung in Tusche mit Korrekturen in Grafit, 45,5 x 53,4 (0.) / 52,8 (u.) cm, verzeichnet
bei Heckmann 1954, 76, Nr. 16,13, und Kirsten 1987b, 68, Nr. 175; vgl. Heckmann 1972, 116, und
Kirsten 1987a, 68.

32 Nun laut Hamon 2017, 144-145, mit geschliffen-poliertem Gussglas. Monografisch zum Kirchen-
bauwerk Maral 2011 (als Vorabresiimee vgl. Maral 2010, 215-229), worin allerdings beim Ver-
glasungsaspekt, ebd., 33-35, die Glasqualitat auBer Betracht bleibt.

33 Vgl. Wigginton 1997, 28-29, auch Jahn 2022, 357 inkl. Abb. 6. Kommentarlos abgebildet als Glas-
architektur auch bei Fischer 1970, 69.

34 Unter zahlreichen pauschal verzeichneten Versailles-Aufenthalten ist im Reisejournal (ediert
bei Keller 1994, 181-387) eine Anwesenheit in der Spiegelgalerie (bez. als »groBe gallerie«)
explizit fir den 24. Juni 1687 belegt (ebd., 203); vgl. neben Keller 1995, 27-28, auch Hertzig
2019a, 123-124. Aufenthalt in Chantilly: Keller 1994, 323-324; vgl. Hertzig 2019b, 295, auch
Hertzig 2019a, 124.

35 Haase 1988, 117, und Mihlpfordt 2009, 744. Zu Tschirnhaus’ Rolle als sachsischer Gussglas-
pionier vgl. Haase 1988, 115-117, bzw. Haase 2001 sowie Mhlpfordt 2009, 775, im Rahmen einer
Biografie.

36 \Vgl. Heckmann 1972, 93-96, insb. 93-94.
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WARUM HABEN FENSTER HOLZSPROSSEN?
EINE SPURENSUCHE

Ueli Fritz

Abstract

For centuries, the glazing of all buildings was effected with lead cames and iron rods. In the
17th century, this technique was used to glaze very large areas, including private buildings,
especially in the Netherlands and Germany. This raises the question of why the system was
suddenly changed and wooden muntins were used instead. While stained-glass windows
remain the standard in sacred buildings, wooden muntins dominate in the windows of secular
buildings. This chapter aims at tracing this development towards wooden muntins over the
centuries, up to their use as a purely ornamental form in the buildings of the early 20th century,
until their disappearance in classical modernism.

Keywords

Window, profane architecture, wooden muntins, glazed door

Warum kommen im Profanbau plétzlich Fenster mit Holzsprossen in Mode, obwohl
sich die Bleiverglasung seit dem frihen Mittelalter bewahrt hatte und bei Kirchen-
fenstern weiter angewendet wurde? Zahllose Publikationen beschéftigen sich mit der
Geschichte der Fenster und insbesondere des Fensterverschlusses,' doch keine
davon gibt Auskunft zu der Frage der Holzsprosse.2 Meist werden Fenster aus forma-
ler, stilistischer oder glastechnischer Sicht betrachtet und selten aus der Perspektive
ihrer technischen Funktion.® Die Holzsprosse ist anscheinend einfach ein Gestal-
tungselement, das nicht technisch eingeordnet wird.

Eine wichtige Arbeitsweise in der Bauforschung ist die Geschichtsschreibung mit
Realien, also den Artefakten, die im Bau gefunden werden. Wenn diese noch im origi-
nalen Verbund sind, ermdglichen sie viele Erkenntnisse. Das alleine ist jedoch nur
eine Mdoglichkeit des Erkenntnisgewinns, die zudem viel Grundlagenwissen und Er-
fahrung erfordert. Um sich auf die Spurensuche nach der Holzsprosse zu begeben,
bietet sich auch die Methode von Peter Thornton an, der in seinem Buch Uber die
Veranderung des Interieurs zwischen 1620 und 1920 ausschliesslich historische
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und Fotografische Dokumentation eines Hauses in der Nieuwe Noord 45 der niederlandischen
Stadt Horn vor und nach der Restaurierung. Die Konstruktion, Platzierung und Grosse der Fenster
wurde massgeblich verandert.

Darstellungen verwendete.* Damit unterscheidet er sich deutlich von anderen Au-
tor:innen, deren Blicher mit aktuellen Fotos von historischen Raumen viel ansprechen-
der gestaltet sind. Doch was zuerst etwas sperrig anmutet, namlich ausschliesslich
Darstellungen aus der jeweiligen Zeit zu verwenden, macht durchaus Sinn. Viele his-
torische Gebaude wurden »restauriert« und dabei gerne zurlickgefiihrt, rekonstruiert
und erganzt; sie verloren so immer mehr ihre materielle Authentizitat, gerade auch
was die Fenster betrifft. Beispielsweise zeigt ein Vorher-Nachher-Vergleich von res-
taurierten Gebauden in der niederlandischen Stadt Horn (Abb.1a und 1b) oder im
Stadtteil Linn in Krefeld, Deutschland, (Abb.2a und 2b), wie massiv solche Eingriffe
insbesondere in Bezug auf die Fenster sein kdnnen. Es kann zu substanziellen Fehl-
interpretationen kommen, wenn solche Gebaude als »Zeugen« dienen sollen. Vor die-
sem Hintergrund ist der Ansatz von Thornton sehr wertvoll. Zudem kénnen schrift-
liche Quellen weitere wichtige Anhaltspunkte liefern.

Besonders aufschlussreich und aussagekraftig haben sich als Wandmalerei gemalte
Fenster herausgestellt.® Erstaunlich oft zeigen sie den originalen Zustand der Fenster,
auch wenn die echten Fenster modernisiert wurden (Abb. 3). Wahrend bei Schloss
Ambras in Innsbruck das als Wandmalerei aufgetragene Fenster (rechts) den Zustand
von 1583 prasentiert, zeigt das reale Fenster (links) den Zustand nach den Massnahmen
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und Fotografische Dokumentation eines Hauses in der Margaretenstrasse 21 im Stadtteil Linn in Krefeld in
Deutschland, vor und nach der Restaurierung. Die Konstruktion, Platzierung und Grosse der Fenster wurde mass-
geblich verandert.

Reale und gemalte historische Fenster im Vergleich. Innsbruck, Schloss Ambras, 1570-1583, 1612-1855 als Kaserne
genutzt.
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Fassade an der Piazza di Caprettari in Rom mit aufgemaltem Fenster (rechts), das wohl einen alteren

Zustand zeigt.
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von 1855 mit »neuer« Verglasung ohne Windeisen.® Bei der Fassade aus Rom ist ver-
mutlich ebenfalls ein alterer Zustand in der Malerei dokumentiert (Abb. 4). Grundsatz-
lich gestaltet sich die Suche nach den Holzsprossen als schwierig. Sie wurden zwar
schon im spaten Romischen Reich eingesetzt und tauchen in Quellenschriften im
Mittelalter auf,” konnten sich aber erst im 17. Jahrhundert allmahlich durchsetzen und
verdrangten daraufhin die Bleiverglasung im Profanbau fast vollstandig.

Transparenter Verschluss der Fenster

Die Verglasung von Fenstern war alles andere als selbstverstandlich.® Die Herstellung
von Glas war energieintensiv und entsprechend kostspielig. Daher waren viele Fenster
bis ins 19. Jahrhundert oft mit Ersatzmaterialien wie getltem Pergament, Textilien oder
gar Papier versehen.® Sogar am Schloss Versailles gab es in der Mitte des 18. Jahr-
hunderts mit »papier collé et huillé« ausgerustete Vor-Fenster bei den grossen Appar-
tements und den Gangen. Es scheint auch Ublich gewesen zu sein, Glas mit Stoff
oder Papier in einem Fenster zu kombinieren.” Aufgrund des gestreuten Lichts wur-
den Papierfenster teilweise sogar bevorzugt.”

Verglasungen in Profanbauten

Wie archaologische Funde zeigen, waren im rémischen Kaiserreich Holz- oder armier-
te Gipsfenster mit Marienglas aus Spanien versehen.™ Ab 200 n.Chr. finden sich zu-
nehmend gréssere Verglasungen, meist aus Gussglas, darunter auch in der Schweiz.™
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Robert Campin (Werkstatt), Mérode-Triptychon, Ausschnitt des Mittelteils, um 1427-1432, 119,8 x 148,56 cm,

Ol auf Holz, New York, The Metropolitan Museum of Art.

Davon abgesehen sind wir bis ins hohe Mittelalter auf Quellenschriften angewiesen.™
Konkrete archaologische bzw. architektonische Funde gibt es erst ab dem 9. Jahrhun-
dert.”® Allerdings wird davon ausgegangen, dass es auch in spatantiker und friihchrist-
licher Zeit Fensterglas gab.” Uber Profanbauten ist wenig bekannt, meist waren es
Klostergebaude.™ In einigen Palasten wurden jedoch Glasscheiben-Fragmente gefun-
den.” Von Enea Silvio Piccolomini (1405-1464, ab 1458 Papst Pius Il.) wird beispiels-
weise berichtet, dass er sich 1436 Uber die vielen Glasfenster an Wohnhausern in
Basel wunderte.?°

Mit der zunehmenden Verglasung entwickelt sich ab dem spaten 14. Jahrhundert
das Kreuzstockfenster in der Form eines lateinischen Kreuzes, dessen Funktion auf
zahlreichen Abbildungen zu erkennen ist. Eindriicklich inszeniert wurde dieses auf
den Verkiindigungsdarstellungen von Robert Campin (1375-1444).2' Bei dem auf dem
Mittelteil der Verkiindigung (Mérode-Triptychon) dargestellten Fenster sind nur die
oberen kleinen Fensterfelder verglast (Abb.5). Es handelt sich um von bunten, recht-
eckigen Glastiicken gerahmte Rautenverglasungen mit zentralen Wappenscheiben.??
Diese sind komplett in Blei gefligt und von zwei senkrechten Windeisen gehalten.?

Warum haben Fenster Holzsprossen?

127



128

Die beiden unteren grésseren Felder konnen je nach Licht und Witterungsverhaltnis-
sen mit klappbaren Holzladen verschlossen werden. Zusétzlich ist ein Sichtschutz-
gitter zu erkennen.?* In der Weiterentwicklung des (Kreuzstock-)Fensters als Komplett-
verglasung verandert sich auch der Kreuzstock selbst. Die Kreuzbalken rutschen nach
unten und bilden regelméassige Quadrate; die Fensterladen werden zum Schutz der
Glaser zunehmend aussen angebracht.

Rauten, Mond und Butzenscheiben

Grundsatzlich werden in Blei verglaste Rauten am haufigsten bei historischen Innen-
raumdarstellungen abgebildet, was darauf schliessen lasst, dass es sowohl die alteste
wie auch die beliebteste Verglasungsart war.?® Die friihesten Darstellungen von run-
den Scheiben sind auf den Gemalden von Jan van Eyck (1390-1441) ab 1434 zu sehen;
es sind jedoch kaum Butzen, sondern eher kleine Mondglasscheiben.?® Bei Petrus
Christus (1410/20-1475/76) finden sich auf allen Gemalden noch Rautenverglasun-
gen; nur bei der sog. Exeter-Madonna (um 1450) prasentiert Christus erstmals runde
Scheiben als zusatzliche Einrahmung der Rautenverglasung.?’ Das Gleiche gilt fiir das
Gemalde Auferweckung des Lazarus (1445) von Albert van Ouwater (ca. 1430-1475).28
Runde Verglasungen, auch Butzen, tauchen in den Gemalden ab 1450 auf und werden
ab den 1470er-Jahren bis 1600 neben den Rauten etwa gleich oft dargestellt.?° So zeigt
Diebold Schilling der Jlingere (vor 1460-1515) in seinen lllustrationen meistens Rund-
scheiben, es kommen aber auch Rautenverglasungen und Rechteckglaser vor.*° Trotz-
dem wird in vielen Publikationen die Butzenverglasung als die altere bezeichnet, Be-
lege dafiir fehlen jedoch komplett. Zusatzlich wird nicht genligend zwischen Butzen-
und Mondglasscheiben differenziert.?'

Die Rechteckverglasung

Die Rechteckverglasung, die die Voraussetzung flir die Holzsprossen bildet, war
schon im Romischen Reich Ublich; auch die Funde im Kloster MUstair (letztes Viertel
8. Jahrhundert) haben grundsatzlich quadratische Formen.®? Interessant ist, dass es
anscheinend Holzsprossenfenster gab, diese jedoch eine untergeordnete Rolle spiel-
ten. Soistin den Bestimmungen der Frankfurter Zunftgemeinschaft von 1377 zu lesen,
dass es die Glaser den Scherern iberliessen »siechte glase in holtzen ramen« zu ma-
chen, und zwar »von einer tafeln zwein oder dring, jedoch »kein bleigefalBtes Glas oder
gar Rauten.«® Die alteste rechteckige profane Klarverglasung, von der noch Scheiben
erhalten sind, konnte im Rahmen dieser Recherche im Alten Rathaus von Gouda
(1450/52) gefunden werden.?* Was die Abbildungen angeht, sind wohl jene im Stande-
buch von 1568 des Jost Amman (1539-1591) die altesten, die Rechteckverglasung
zeigen. Bei allen Malern des 17. Jahrhunderts, des »goldenen Zeitalters« in den Nieder-
landen, finden sich schliesslich keine Rundscheiben mehr. In der Regel werden Recht-
eckverglasungen, in seltenen Fallen Rautenverglasungen und, in noch selteneren,
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Bernard Picart, Les
peintures de Charles
Le Brun et d'Eustache
Le Sueur de I'hétel Lambert.
La Galerie d'Hercule, vue
perspective intérieure,
vor 1740, 48,3 x 57,2 cm,
Kaltnadelradierung, Paris,
Musée Carnavalet.

Sechsecke gezeigt.®® Besonders Jan Vermeer van Delft (1632-1675) hat die Lichtfille
durch imposant grosse Fenster mit Rechteckverglasung festgehalten, die jedoch alle
in Blei gefasst sind.®¢ Die Grosse der verglasten Fenster kann also nicht der Grund fir
die Holzsprossen sein. Trotzdem war damit die Voraussetzung flir die Verwendung
von Holzsprossen geschaffen.

Holzsprossen des 17. Jahrhunderts

Wann und wo genau die »ersten Holzsprossen« auftauchen, lasst sich nicht sagen;*”
es muss spatestens um 1611/12 gewesen sein.*® Original erhalten und gut dokumen-
tiert ist das Schloss Versailles,?*® welches durch Louis Le Vau (1612-1670) wesentliche
Erweiterungen in der Zeit um 1669/70 erfuhr, und damals mit grossen Fenstern mit
Holzsprossen versehen wurde, wobei es zum Vorbild fir zahllose weitere Bauten wurde.
Es kann vermutlich davon ausgegangen werden, dass Le Vau den Holzsprossen zum
Durchbruch verhalf.*® Das von ihm 1640-1644 erbaute Hotel Lambert in Paris hatte
bereits Fenstertliren mit Holzsprossen und franzosische Balkone.* Die zeitgendssische
Grafik (Abb. 6) zeigt einen Raum mit zweiseitig bis zum Boden reichenden Fenstern
(Fenstertiren), die gedffnet werden konnen. Sie sind mit Gittern als Sturzsicherung

Warum haben Fenster Holzsprossen?

129



versehen. Bei diesem Bau benutzte Le Vau noch Kreuzstdécke mit dem lateinischen
Kreuz, wie dann auch 1670 in Versailles (mit Balustern statt Gitter), wahrend die Fens-
terim Untergeschoss seines Hauptwerks, des Schlosses Vaux-le-Vicomte (1656-1661),
zwei Kampfer und damit sechs annahernd gleiche Offnungen aufweisen.*
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und Neues Schloss Schleissheim, Fenstertliiren um 1709 und Detail mit Bleiruten.

Die Fenstertiire

Die Fenstertiiren tauchen spatestens 1612 auf und werden um 1640 zu raumgestalten-
den Elementen, die 1670 in der Spiegel-Galerie von Versailles auch aufgrund der
Scheibengrosse Aufsehen erregten. Dieses neue architektonische Element, welches
das gesamte Schaffen von Le Vau durchzieht, scheint zur ausreichenden Stabilisie-
rung Holzsprossen zu erfordern. Der Einbezug des Gartens als Raumerweiterung
dirfte hier, neben der Lichtfille, ein wichtiger Faktor gewesen sein. Louis Le Vau setz-
te dies am Trianon de Porcelaine in Versailles 1670 erstmals konkret um. Eine der
konsequentesten Realisierungen stellen die Fenstertliren der Prunkraume im Parterre
von Schloss Sanssouci in Potsdam (1747) dar, die direkt in den Garten fiihren. Das
Element der Fenstertlir setzt sich in der Schweiz nicht sofort durch. Beim Schloss
Oberdiessbach (1668) fehlt es noch, wahrend das Palais Besenval (1706) schon kom-
plett damit ausgestattet wurde. Es ist anzunehmen, dass Holzsprossenfenster nicht
gerade billig waren, weshalb die Fenster im Parterre von Schloss Favorite in Rastatt
(1710-1730) in Bleiverglasung gehalten wurden, wahrend die Prunkraume im Ober-
geschoss alle Holzsprossen aufweisen.*® Es ist also eine »Modex, die sich nur lang-
sam etablierte.

Die Entwicklung der Holzsprossen

Die ersten Sprossen (Versailles) sind mit 3-4 cm erstaunlich breit** und mit machtigen
Profilen versehen.*® Anders erfolgt die Handhabung der Fenster vom neuen Schloss
Schleissheim, die um 1709 entstanden: Hier wird das Glas mit Bleiruten auf dem Holz
befestigt (Abb.7a und 7b).%¢ Im friihen 18. Jahrhundert werden die Sprossen rasch

Warum haben Fenster Holzsprossen?
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Sprossenentwicklung aufgrund von Ergebnissen der Bauforschung im Raum Bern, Freiburg und Solothurn.

132

feiner,*” sind kaum noch 2 cm breit und die Scheiben werden nur in Nuten gehalten
(Abb. 8).“¢ Muss ein Glas ersetzt werden, muss das mit Holzdlibeln konstruierte Fens-
ter zerlegt werden. Die Fenster aus der ersten Halfte des 18. Jahrhunderts sind sehr
reich und fein profiliert und stellen damit handwerkliche Glanzleistungen dar. Erst
in der Mitte des 18. Jahrhunderts wurden die Glasscheiben mit Kitt in einen Falz ein-
geglast, die Sprossen wurden nun wieder etwas breiter, sind aber komplett ohne
Profile.*® In der gleichen Zeit wurden auch grossere Scheiben erschwinglicher und
das Hochformat der Scheiben kippte ins Querformat. Ab 1820 hatten die Scheiben
noch gréssere Masse und die Verglasung erfolgte mit fast quadratischen Scheiben.
Nach dem Kristallpalast von 1851 erreichten die Scheiben ein Mass von ca. 50 x 120 cm.
Daraus ergab sich das Kampferfenster (oder auch »Wiener Fenster«) des 19. Jahrhun-
derts mit zwei stehenden und einer darliber quer liegenden Scheibe. Eine Wiederauf-
nahme der kleinen Sprossen erfolgte dann im Jugendstil und Werkbund. Hier hatten
die Sprossen nicht mehr die konstruktive, sondern nur noch eine dekorative Funktion.
Dies ist auch der Grund, weshalb hier erstmals die weisse Farbe an den Fenstern auf-
kam. In den Jahrhunderten davor waren sie immer so gestrichen, dass sie moglichst
nicht hervorstachen, teilweise in dunklem Grau bis zu Blau oder sehr oft in einem
Ockerton, der bis zum dunklen Braun gehen konnte. Der weisse Anstrich um 1900 hob
die Holzsprossen als Zierelemente gezielt hervor.

1 Inder Regel beriicksichtigen die Autoren die Glasherstellung, die chemische Zusammensetzung
und die Bleiverglasung: Hermann Klos hat die Geschichte des Fensters sehr sorgféltig aufgear-
beitet, geht aber der Frage der Sprossen nicht nach (Klos 2011); Jean-Louis Roger beschreibt
akribisch original erhaltene Fenster, merkt aber lediglich an, dass gegen Ende des 17. Jahrhun-
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derts die Holzsprosse sich allmahlich durchsetzt (Roger 1995); Harald GieB beschreibt, dass das
Fenster im spaten 17. Jahrhundert in der Architektur eine Betonung der Vertikale erméglicht,
geht aber nicht auf Details der Sprossen ein (GieB 1990).

Die Bezeichnung »Fenster« ist dem lateinischen »fenestra« entlehnt, das ab dem 8. Jahrhundert
eine Offnung in der Wand bezeichnete. Auch das alte germanische Windauge stellt lediglich
eine nicht verschlossene Offnung dar, durch die der Wind strémt. Im heutigen Sprachgebrauch
gilt als Fenster das, was in der Fachliteratur als Fensterverschluss bezeichnet wird. Der Fenster-
verschluss besteht aus den Fensterfligeln und deren Halterungen wie Fensterrahmen und
Beschlage; bei lichtundurchlassigen Fensterverschlliissen zéhlen auch die Fensterladen dazu.
Bei frihen Bauten waren Fenster oft gar nicht vorhanden. Prunkvolle romische Rdume wurden
nur durch die offenstehende Tiire beleuchtet, durch das mildere Klima begtinstigt. Erst ab dem
Kaiserreich wurden die Fenster allmahlich verglast.

Thornton 1985.

Die regional unterschiedlichen Fenstersteuern fiihrten dazu, dass oft Blindfenster angebracht
wurden, die dann mit aufgemalten Kopien der echten Fenster versehen wurden.

Besonders bemerkenswert sind die Windeisen, die mit Menninge, einer roten Bleioxidfarbe,
gestrichen sind; eine Ubliche Praxis wie historische Quellen belegen.

Eine gute Zusammenstellung der Quellen, darunter einige spannende Beispiele fir die Schweiz,
findet sich bei Oidtmann 1898, 36-38, und von Erffa 1951, 7-11.

Fenster konnten anfangs mit Schiebebrettchen, spater mit Klappladen verschlossen werden. Die
fassadengebundenen Fensterladen kamen erst auf, als die Fenster vollstandig verglast wurden
und klimatisierende Funktionen erhielten.

Johann Wolfgang von Goethe (1749-1832) berichtete von seiner ltalienischen Reise im Jahr 1786,
dass »die Zimmer keine Fenster, sondern Oelpapierne Rahmen« haben und »es ist doch kdstlich
drinne seyn«; Goethe 1786, Eintrag vom 13. September. Im selben Jahr berichtete auch Johann
Georg Kriinitz (1728-1796), dass die Fenster in Italien iberwiegend aus Papier seien und dabei
»so0 stark im Gebrauche, daB man selbige auch in theils herzoglichen Palldsten [antrifft]«, Krlinitz
1786, 596. Die Lage scheint sich bis 1849 nicht verandert zu haben, denn auch Mary Philadel-
phia Merrifield (1804/05-1889) stellte fest, dass Papier-Fenster in Italien reichlich vorhanden
seien; vgl. Merrifield 1849, Bd. 1, Kap. 4, § 2, LXXXI.

Jombert/Briseux 1764, 435.

Schon 1640 wurden im Schloss von Fontainebleau flr die »chambre et cabinet« des Konigs und
des Monseigneur de Noyers vom Glaser Claude Tisserant Fensterfligel in Rechnung gestellt.
Sie hatten »huict grandes pieces carrées neufves de verre de France, avec quarante feuilles de
papier de cotton, le tout recollé, huillé et reposé,« und »trois grandes pieces carrées neufves de
verre de France avec quattre feuilles de papier, le tout huillée et reposé«, Jombert/Briseux 1764,
435. In einem Fenster werden sowohl Glasscheiben wie auch »Baumwoll-Papiere« eingesetzt.
Vermutlich dienten die Glasscheiben der Aussicht, wobei es sich nicht eruieren lasst, ob es sich
um Vorfenster oder eigentliche Fenster handelte. Hier wird die Holzsprosse zwar nicht explizit
erwahnt, aus Konstruktionsgriinden und im zeitlichen Kontext ist ihr Vorhandensein jedoch
anzunehmen.

Papierfenster waren in Werkstatten von Kupferstechern und Malern, aber auch in den Seiden-
manufakturen, in Studierzimmern und in Klosterraumen nttzlich, um ein Hinein- und Hinaus-
schauen zu verhindern; vgl. Blondel 1752, 168.

Marienglas ist die geologische Bezeichnung fir eine transparente Kristallisationsform des
Gipses. Eine andere antike und mittelalterliche Bezeichnung ist »lapis lunae.« Plinus erwahnte
den dursichtigen Stein, der in den »minas de lapis specularis« in Segébriga abgebaut wurde.
Die Romer benutzten gespaltenes Marienglas bis ins 3. Jahrhundert, als es zunehmend durch
Glas verdrangt wurde und die Minen in Vergessenheit gerieten.

In fast allen rémischen Siedlungen wurden bei archdologischen Grabungen Fenster-Glasreste
gefunden (Orbe, Zirich), teilweise sogar Holzsprossen (Windisch).

Siehe Anm. 7.

Die im Kloster Mistair gefundenen Scheiben sind im Klostermuseum ausgestellt.

Glnter 1968, 77-78.
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Die Mehrzahl der Nachrichten tber friih- und hochmittelalterliche Verglasung von Profan-
raumen betreffen Klosterraume. So hatten Refektorien und Dormitorien Glas-Fenster;

in Tours war - laut Gregor von Tours - die Zelle des Abtes und in St. Gallen um 900 die
Schreibstube verglast, vgl. RDK VIII, 213-256 (Fensterverschluss), https://www.rdklabor.de/wiki/
Fensterverschlu%C3%9F#C._Glas (aufgerufen am 30.11.2022).

Im Reallexikon fiir Kunstgeschichte werden im Eintrag zum Fensterverschluss u.a. der Bischofs-
palast von Littich, der Kdnigspalast von Kingsbury und Old Windsor erwahnt, vgl. ebd.
Wursteisen 1580, 662.

Beispielsweise die Verkiindigung (um 1410), Briissel, Musées royaux des Beaux-Arts de Belgique
und die Verkiindigung (Mérode-Triptychon) in New York, The Metropolitan Museum of Art.

Die Autorenschaft ist bei beiden Gemalden unsicher; sie wird auch dem Notnamen Meister

des Mérode-Altars bzw. Meister von Flémalle zugeschrieben und mit der Werkstatt von Robert
Campin aus Tournai assoziiert. Ob es sich bei dem unbekannten Meister um Campin handelt,
ist in der Kunstwissenschaft umstritten.

Im Stundenbuch des Herzogs von Berry (Les Trés Riches Heures du Duc de Berry, 1410-1416)
werden ausschliesslich Rautenverglasungen abgebildet, genauso wie in allen anderen Buch-
malereien vor 1450. Auch Hans Memling (1433-1494) stellte, wie viele andere Zeitgenossen, nur
Rautenverglasungen dar.

Windeisen verhindern ein Durchbiegen der verbleiten Verglasung; sie werden auch als »Schlau-
derstangen« bezeichnet.

Auf dem gleichen Retabel ist die dargestellte Werkstatt Josefs nur mit Fenstern mit Klappladen,
jedoch ohne Verglasung dargestellt.

Die Rauten wurden aus Mondglasscheiben ausgeschnitten. Mondglas wird im Schleuderver-
fahren hergestellt; es handelt sich um ein dlinnes, sehr qualitatvolles Glas.

Im Mittelalter hatten die Mondglasscheiben anfanglich einen kleinen Durchmesser von

ca. 15 cm, spater erreichten sie einen Durchmesser von 60 cm und im 19. Jahrhundert von

bis zu 120 cm.

Peter Christus, Die Madonna mit der heiligen Barbara und dem Kartéuser Jan Vos, 1445-1460,
21,3x 15,3 cm, Ol auf Eichenholz, Berlin, Gemaldegalerie, https://id.smb.museum/object/862730
(aufgerufen am 17.11.2023).

Aelbert van Outwater, Die Auferweckung des Lazarus, ca. 1430-1460, 124,0x92,7 cm, Ol auf
Eichenholz, Berlin, Gemaldegalerie, https://id.smb.museum/object/866193 (aufgerufen am
17.11.2023).

So malte beispielsweise Friedrich Herlin (um 1430-um 1500) fast ausschliesslich Rundscheiben,
wahrend Diebold Schilling der Altere (um 1445 - um 1486) kaum Fenster darstellte, und wenn,
dann mit Rauten.

Johann Georg Kriinitz warnte 1786 ausdriicklich vor runden Fensterscheiben, da diese infolge
der Sonneneinstrahlung zu Branden fihren kdnnen, vgl. Krinitz 1786, 590.

Mondglasscheiben unterschieden sich jedoch einigermassen klar von Butzenscheiben; sie sind
durchsichtig und diinner als die Butzenscheiben. Butzen sind dicker und kaum durchsichtig, nur
durchscheinend. Sie galten als von schlechterer Qualitat und kommen erst um 1500 auf Darstel-
lungen vor.

Die Scheiben von Mistair sind allerdings in vier Dreiecke unterteilt und haben im Zentrum einen
geviertelten Kreis, vgl. Wolf et al. 2015. Glasstuicke der Augsburger Propheten-Fenster, Anfang
des 12. Jahrhunderts, messen teilweise ca. 22 x 24 cm.

Schmidt 1914, 428.

Die erhalten gebliebenen Reste sind im Keller des Rathauses ausgestellt.

Entsprechend kontrastierend wurden bei bauerlichen Szenen meist zerbrochene Rauten-
verglasungen gemalt.

Auch in der Architekturmalerei von Emanuel de Witte (1617-1692) und Pieter Jansz. Saenredam
(1597-1665) sind dusserst grosse Fenster zu sehen.

Nur selten wird das Aufkommen der Sprossen und nie ihre Funktion thematisiert. Belhoste &
Leproux 1997 und Michel 1997 gehen von den 1630er-Jahren aus.

Bei den Bauten von Louis Métezeau (1560-1615), Architekt fir die Kénige Heinrich IV. und
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Ludwig XIII., finden sich die vom Autor bis dato entdeckten friihesten Holzsprossenfenster,
darunter das Palais des Tuileries 1608-1610, das Hotel de Lamoignon 1611 und die Bebauung
des Place des Vosges 1612, die teilweise noch original sein kdnnten.

Die Kirchen blieben noch lange mit Blei verglast, sodass es sich um eine Entwicklung im Profan-
bau handeln muss. In Italien blieben die Fenster noch lange unverglast und im deutschprachi-
gen Raum und Flandern sind dem Autor keine alteren Beispiele bekannt. Daher wurde der Fokus
auf Frankreich gelegt.

Martine Diot liefert dazu schéne Beispiele aus dem spéaten 17. Jahrhundert in einem Tagungs-
poster von 2005, http://www.verre-histoire.org/colloques/verrefenetre/pages/p424_01_diot.html
(aufgerufen am 30.11.2022). Justine Baley, Roger Doonan und David Dungworth présentieren
friihe Beispiele aus England, http://www.verre-histoire.org/colloques/verrefenetre/pages/
p422_01_bayley.html (aufgerufen am 30.11.2022).

Ein Fenster, das entsprechend einer Tire bis zum Boden reicht, wurde schon im 18. Jahrhundert
als »Fenstertiire« bezeichnet. Dass sich die Bezeichnung »franzdsischer Balkon« gehalten hat,
konnte als Hinweis auf dessen Entstehung in Paris gedeutet werden. In seiner reinen Form ragt
er nicht Gber die Fassade hinaus.

Es ist moglich, dass es fiir die Entwicklung der Fenstertiiren auch spanische Einflisse gibt,
selbst wenn die Zeit um 1640 fur den Niedergang der spanischen Vorherrschaft steht. Auf dem
Gemalde Prinz Baltasar Carlos in der Reitschule, das von der Werkstatt (?) von Diego Veldzquez
um 1636 gemalt wurde (130x 102 cm, Ol auf Leinwand, London, National Gallery), ist ein solcher
Balkon dargestellt. Auch das Geburtshaus von Velazquez hat einen solchen Balkon, wobei die
Authentizitat nicht geklart ist; der maurische Einfluss ware dabei noch zu untersuchen. Sicher
hat auch die Benediktionsloggia von 1629 von Carlo Maderna (1556-1629) einen Einfluss. Doch
wie der Name sagt, steht sie eher in der Tradition der italienischen Loggia (Lateranbasilika, Alt
St. Peter) als fir einen franzosischen Balkon, auch wenn sich hier die Bauformen teilweise tber-
schneiden. Auch hélt sich in Italien die Bleiverglasung im 18. Jahrhundert und entsprechend gibt
es dort Fenstertlren mit Bleiverglasung.

Ein Kdmpfer (oder Querstock) ist ein massiver horizontaler Holz- oder Steinbalken.

Die Schlosser Gripsholm in Schweden und Favorite in Rastatt, Deutschland, sind von der
Fensterentwicklung her dusserst vielfaltig und spannend. Sie zeigen eine erstaunliche Breite
von Maglichkeiten der Verglasung.

Dies flihrte auch zu Kritik: »Viel Holtz und Bley in den Glas-Fenster ist dem wahren Nutzen der
Fenster zuwider, weil durch das Holtz und Bley zu viel Lichtstrahlen abgehalten werden [...]
weshalb man sich gern der groBen Glas-Tafeln bedient, deren zu einem gantzen Fenster nur
acht Stlick n6thig sind.« Penther 1745, 30-31.

Holzarbeiten weisen im 17. Jahrhundert nur halb- oder viertelkreisformigen Profile auf. Das
Karnies als Profil-Form erscheint nicht vor 1700.

Die Befestigung der Scheibe am Holz ist ein viel diskutiertes Thema. Die beidseitig genuteten
Sprossen ergaben ein sehr stabiles Fenster, hatten aber den Nachteil, dass fiir einen Glasaus-
tausch das Fenster auseinandergebaut werden musste. Daher gab es verschiedene Techniken
der Befestigung, oft mit Leim und Papier- oder Textilstreifen. Erst Mitte des 18. Jahrhunderts
wird die Kittfuge tblich und es werden zahlreiche Rezepte zur Herstellung des Kitts publiziert.
Die grobe Entwicklung in Europa entspricht dem in etwa, kann aber regional variieren. Vor 1700
sind die Scheiben fast quadratisch, die Sprossen breit. Ob die Scheiben hier auch schon mit
Drahtstiften fixiert waren, kann nicht gesagt werden. Um 1700 werden die Scheiben wesentlich
kleiner, haben ein klares Hochformat und sie sind in feinen profilierten Sprossen in Nuten gehal-
ten. Gegen die Mitte des 18. Jahrhunderts kommt die Kittfuge auf. Die Scheiben werden grosser
und das Format ist ein liegendes Rechteck. Sie werden vor dem Kitten mit Drahtstiften fixiert.
Gegen Ende des 18. Jahrhunderts hat die Scheibe wieder fast quadratische Masse und wird von
unprofilierten Sprossen gehalten, Drahtstifte und Kittfuge haben sich durchgesetzt. Bei den
alteren Fenstern werden oft die feinen Sprossen herausgebrochen und gréssere Scheiben ein-
gesetzt. Erstaunlicherweise sind die Fenster trotz des massiven Eingriffs recht stabil.

Bei Holzsprossen empfahl Kriinitz alle moglichen Vorkehrungen und Hilfsmittel, damit die Fens-
ter wind- und wasserdicht sind und méglichst nicht faulen, vgl. Kriinitz 1786, 582.
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49 Bei den dlteren Fenstern wurden oft die dusseren Profile nachtraglich weggeschnitten und in
den so entstandenen Falzen verglast. Oft wurde auch die Halfte der Sprossen nachtréaglich ent-
fernt, sodass grossere Scheiben eingesetzt werden konnten. Jacques-Frangois Blondel fertigte
dazu um 1750 eine Grafik, die zeigt, wie viel mehr Licht sich dadurch ergibt, vgl. Bresler 2002.
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THE GLASS HOUSE OF ANTOINE DE PARIS

Logan Sisley

Abstract

Antoni ‘Antek’ Cierplikowski was born in Poland in 1884, but made his name in Paris as Mon-
sieur Antoine, hair stylist to the stars. In 1924, he purchased the top four floors of a Parisian
apartment building that he later set about remodelling as a School of Beauty and an apartment
with a sculpture studio, which he called the ‘Glass House’. Construction began in 1929 and
the Glass House occupied the topmost floors of the building. Glass was supplied by Saint-
Gobain, of whom Antoine claimed at one time to be the biggest client. While Antoine took
credit for the creative vision, much of the interior decoration can in fact be attributed to Sarah
Lipska and Marcel Cabs. Despite press attention at the time of its construction, the Glass
House on the Rue Saint-Didier is now largely forgotten. Nonetheless, it represents a fascinat-
ing intersection between fashion, art, design, and architecture. This chapter pieces together
fragmentary accounts and images of the Glass House; it briefly considers the project in rela-
tion to other contemporary buildings that employed glass; and it suggests four factors for the
lack of attention paid to it in architectural history.

Keywords

Antoine de Paris, the Glass House, Paris, Sarah Lipska, Saint-Gobain

Introducing ‘Monsieur Antoine’

The Glass House was constructed in Paris from 1929 for the celebrity hairstylist An-
toine de Paris (1884-1976). While initially feted, the project—a remodelling of a Paris-
ian apartment with innovative uses of glass as an architectural material—is today
largely unknown. Antoine’s autobiographies provide a rich source of information, but
they are unreliable and exclude the contributions of other designers, such as Sarah
Lipska and Marcel Cabs.

‘Monsieur Antoine’ was born Antoni “Antek” Cierplikowski in Sieradz, Poland, in 1884.
He studied hairdressing from an uncle in £6dz and in 1901 moved to Paris, where he
adopted the name Antoine. In 1909, he married Marie-Berthe Astier (1887-1969), who
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was then working as a manicurist. She would become a vital figure in the management
of Antoine’s business. They opened their own salon at 5 Rue Cambon (near Place de
la Concorde) in the early 1920s. Antoine established a reputation for innovation when
he broke with the tradition of long hair for women and created a short hairstyle known
as & la garconne for the actress Eve Lavalliére, which brought him overnight success.
He eventually owned dozens of salons around the world, a beauty academy, and his
own line of beauty products. He styled numerous celebrities of his age, including Sara
Bernhardt, Greta Garbo, Josephine Baker, Edith Piaf, and Brigitte Bardot. His celebrity
was such that he inspired the film Coiffeur pour Dames, which was released in 1937
and remade in 1952,

Jean Cocteau wrote of him: ‘Antoine is a poet, and this natural talent of his has enabled
him to transform a hairstyle into a real work of art. There are frequent references to
Antoine’s hairdressing as an artform, and he also worked as a sculptor. He exhibited
with the Société des artistes indépendants, and one critic described his work in an
exhibition of young Polish artists as showing real talent and promise.?

The Glass House at 4 Rue Saint-Didier

In 1924, with a thriving business, Antoine and Marie-Berthe purchased an apartment
building at 4 Rue Saint-Didier in the 16th arrondissement of Paris for 800,000 francs.?
Antoine recounted that they bought four floors on the Rue Saint-Didier, two for a
School of Beauty and offices, and two for a sculpture studio and living quarters.* The
apartment and studio were on the top floors, but Antoine found the attics claustropho-
bic. He then set about remodelling the upper floors as the ‘Glass House'. In his auto-
biography he wrote: ‘Since boyhood | had dreamed of a glass house, perhaps a hang-
over from fairy stories. The purity of glass, the possibility of cutting it in square clean
lines, made it in my eyes a perfect building material.”®

Before the Glass House was completed, it excited international interest, notably in the
British press, although initially the name of the ‘barber’ who commissioned the build-
ing was withheld. The British United Press agency overstated the scale and ambition
of the house: ‘[A] house built entirely of glass and furnished throughout with the same
material is about to be erected for a Paris barber [...]. The house will be glass from
foundation to roof. Pilasters of glass will support great balconies of crystal. The walls
will be glass and the cornices, gables and chimneys will also be glass. This does not
necessarily mean transparency or even fragility. The glass will be coloured and trans-
lucent. In the bedrooms it will be almost opaque. In strength it will be equal to steel.
The acoustics in each room will be excellent, but every room will be sound-proof.’
The Daily Mirror, perhaps unsurprisingly, compared the residence to London’s Crystal
Palace: ‘Antoine, [...] most Parisian of Poles, [is] building a crystal palace for himself
[...]. Everything about him will be of glass. A glass lift will carry the visitor swiftly up to
the studio, lined and adorned with transparent white glass, and illumined by pillars of
ruby glass.” While the glass lift seems not to have been realised, the Mirror correctly
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Thérese Bonney, House of Antoine Cierplikowski: Music Room with Mezzanine.

noted that it was only the upper floors that were constructed using glass—and not
foundations to roof.

According to Antoine’s biographer, Hubert Demory, the construction permit was is-
sued in March 1929, and while there is no record of this in the Paris city archives, the
timeframe is consistent with the press reports quoted above. The pre-eminent French
manufacturer Saint-Gobain supplied the glass, and Antoine claimed that for a time he
was the company'’s largest client (despite the relative modesty of the scale of the build-
ing). However, there is no record of him or the building in the company’s archive: he
would have likely bought the glass through a local supplier rather than directly from
the company. Glaces et Verres magazine reported that 12 tonnes of glass were used
in the construction of the Glass House, and a 1955 article suggested Antoine spent a
‘fortune’ on the building.?

A studio was constructed on the fifth floor with a mezzanine on the sixth, with a large,
glazed bay that opened onto a small terrace. The outer walls facing the street were
made of large sheets of glass. Antoine claimed that inhabitants could look out, but
others could not look in. This was, he said, ‘so we could dispense with curtains. Cur-
tains, to my mind, have no place in the modern interior.”® External lights facing inwards
allowed the interior spaces to be illuminated through the glazing at night.

The living room was reportedly lined with blue and red slabs of glass with a red crystal
dome over the double-height space (Fig. 1). Antoine was photographed sculpting in
this space (which also featured a pipe organ), suggesting that this doubled as the
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Antoine de Paris in front of the organ in the Glass House, with Maternité by Xawery
Dunikowski on the right.
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sculpture studio (Fig. 2). It was also used for lavish parties. When the Glass House was
completed, invitations to one such party were sent on engraved squares of crystal to
fit in with ‘the glittering modernity of the house’.™

A staircase was covered in thick glass from Saint-Gobain that had a non-slip finish; this
was achieved, according to Antoine, by blowing bubbles into the glass (Fig.3). The
balustrade was constructed in slabs of glass, and the handrail was made from glass
embedded into the curved wall. A mezzanine was constructed with a glass floor and
the radiators throughout were clad in glass panels.

Hand-blown crystal plates from Bohemia graced the dining table, and the dining room
itself was clad in red-gold overlapping glass panels (Fig.4). The kitchen was Antoine’s
pride (see Fig. 3). He described it as: ‘All glass and tiles, it was as all kitchens should
be, a perfect laboratory. It could be cleaned with a garden hose within five minutes.'"
Compared to what he called the half-hearted novelties of new apartments, he saw it
as a paradise for a cook with foodstuffs stored in transparent glass containers with
measurement marked on them. Despite the proclaimed efficiency of the kitchen, the
couple did advertise for the services of a maid.'? While the surfaces of the kitchen were
white, the bathroom was decorated with green opaline glass, mirrors, and frosted illu-
minated-glass ceiling tiles (Fig. 5).

Contested Authorship

Antoine claimed it took five years to draw up the plans in the face of opposition from
what he called ‘specialists’ and ‘experts’, who said the project was impossible.™

Logan Sisley



3 Artetindustrie, September 1931, showing the staircase and kitchen at the Glass House, 4 Rue Saint-Didier.
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4 Thérése Bonney, House of Antoine Cierplikowski: Dining room.
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Thérése Bonney, House of Antoine Cierplikowski: Bathroom.

Indeed, in his autobiographies he does not name any architect who worked on the pro-
ject. However, Hubert Demory writes that Antoine put the architect Charles Thomas
(1897-1967) in charge of the scheme’s realization. Antoine only refers to an archiect
dismissively as having claimed Antoine'’s invention of a spray-on wall-cladding that
was a mix of sand, colour, and adhesives mimicking stone as his own. This is consist-
ent with the self-congratulatory tone throughout his two autobiographies. For example,
he recounts how he improved the design of the Panhard automobile for Citro&n which
was ‘streamlined before the word existed’."

While Antoine takes credit for the creative direction of the house in both his autobiog-
raphies, Glaces et Verres magazine reported that the company Le Verre en Décoration
was responsible, which suggests that the Glass House may in fact have been a show-
piece for the company. Glaces et Verres also credited the direction of the interior de-
sign to Marcel Cabs with artistic collaboration by Sarah Lipska (1882-1973), while Art
et Industrie credited Lipska as decorator in collaboration with Cabs, Dachary, and the
furniture designer Maurice Lafaille (1898-1987)." It is difficult to identify the designer
of individual elements, though since Marcel Cabs was a designer of light fittings, he
was likely responsible for the lighting design.' Due to the highly reflective effect of so
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Thérese Bonney, House of Antoine Cierplikowski: Bedroom, featuring the glass bed designed by Sarah Lipska
and the portrait of Antoine de Paris by Kees van Dongen.
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much glass, traditional lighting methods were deemed unsuitable. The designers
therefore experimented with indirect lighting (concealed behind frosted glass panels,
ceiling tiles, or mouldings) to reduce the amount of glare.

Sarah Lipska was born in Poland, where she had studied with Xawery Dunikowski,
another artist patronized by Antoine. She worked as a costume and set designer (in-
cluding for the Ballets Russes), as a textile and interior designer in Paris, and later as
a sculptor. Lipska is credited as designer in a series of images of the Glass House by
the renowned architectural photographer Thérese Bonney."” The furniture in the house
has stylistic similarities to her work with René Martin on a printer’s office in 1926, and
in 1927 Art et industrie published another example of her use of glass in design—a table
with a sea-blue glass top.™

The Derby Daily Telegraph also credited Lipska with the design of Antoine’s glass bed,
which generated much media attention (Fig. 6). The paper reported that according to
Lipska, ‘when he dies the bed will serve as his coffin’, which would be transferred to a
tomb designed by Dunikowski.” In the press, reporting of the glass bed frequently
overshadowed other aspects of the house. In England, the Daily Mirror reported that:
‘Antoine’s bed will be built entirely of blocks of transparent white glass, which are be-
ing made for him at the St. Gobain works. It will have strong handles introduced on
either side, for the bed is destined to be his coffin, and in it he will be carried down
some day to his country villa to be laid beneath the tomb he is building in his garden.’?°
The coffin-like form of the bed was apparently inspired by the novel, Le Cerceuil de
Cristal (The Crystal Coffin) by Maurice Rostand, which was published in French in 1920
and the following year in English. While a crystal casket is not explicitly described in
the novel, it functions as a metaphor for an autobiographical journal that would clear-
ly and transparently show the author’s personality.? Maurice Rostand and Antoine
knew each other as young men, and Antoine claimed their conversations on death
inspired Rostand’s novel.??

Antoine insisted that the high sides of the glass bed protected him from electric rays
in the air. While this indicates a hesitancy around electricity, Antoine was in fact often
quick to embrace new technologies. He was, for example, a keen aviator and he used
film to show women their hair in the round. He had a small movie theatre installed at
4 Rue Saint-Didier for this purpose. Perhaps it was the strong electrical current required
to power the theatre that provoked Antoine’s caution in this regard, presumably based
on the use of glass as an electrical insulator. He admitted that it may seem unlikely that
the bed afforded any protection, but questioned the contemporary knowledge of elec-
tricity and claimed that he found such perfect rest nowhere else.

While Antoine claimed to have dreamed of a glass house as a child, the architectural
use of glass in his house also aligns with the use of glass in his business. The material
features prominently in the design of his salons and beauty products. Indeed, glass
is prevalent in the design culture that surrounds the beauty industry, where its dual
qualities of transparency and reflectivity help reinforce notions of luxury. This is evi-
dent in the magazine, Antoine Document, which was published by Antoine de Paris’s
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7 Gilbert Boisgontier, Exhibition of headdresses, 4 Rue Saint-Didier, 1937.
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company from 1932 to 1937. Glass is omnipresent in design objects and perfume
bottles, and in the spaces of the salons, with large sheets of glass used in mirrors and
display cases.

Leaving the Glass House

The construction of a glass house may have been a long-held dream for Antoine. How-
ever, he and Marie-Berthe found the proximity of their living quarters to their work was
crowding them out of the building. In the 1930s, Astier commissioned a new multisto-
rey apartment building at 1 Avenue Paul Doumer, which was designed by Jean Fidler
and B. Lochak. The couple moved to the top two floors of the new building. While less
eccentric than the Glass House, the building is still emphatically modern, with a round-
ed fagade (said to evoke a glamourous transatlantic liner). The use of glass was more
conventional, largely confined to the windows, although it was used dramatically in
the stairwell.2® The infamous glass bed also moved to the new residence.

The former living quarters in the Glass House were then adapted for use as a museum
of headdresses through history (with exhibits supported on glass plinths); this opened
during the Exposition Internationale des Arts et Techniques dans la Vie Moderne in
May 1937, which was centred on the neighbouring Trocadero (Fig. 7). The space at the
Rue Saint-Didier had previously been configured as an exhibition venue, in 1932, when
it hosted an Exposition des Coiffeurs Modernes.?* While the key buildings constructed
for the 1937 international exhibition, such as the Palais de Chaillot and the Palais de
Tokyo, embraced robust neoclassical forms, the architectural use of glass figured else-
where, notably in the pavilions of the glass manufacturers Saint-Gobain, designed by
Jacques Adnet and Rene-Andre Coulon, and the pavilion for the Union des Artistes
Modernes, designed by Frantz-Philippe Jourdain, Andre Louis, and Georges- Henri
Pingusson.

A Culture of Innovation: The Emergence of ‘Glass Houses’ in Paris in the 1920s

Concurrent with the departure of Antoine and Marie-Berthe from the Glass House as
aresidence, Antoine Document published an article by the art historian Bernard Cham-
pigneulle exploring current design trends and looking ahead to the 1937 international
exhibition.2®> Champigneulle argued that confusion reigned, as designers were too
focused on individualism rather than collective efforts, a charge that might readily be
levelled at Antoine’s Glass House. The thinking of Le Corbusier was briefly outlined as
embodying rationality, hygiene, and a break from the past, with cement, steel, and
glass playing pivotal roles in the construction of this new order. The work of Robert
Mallet-Stevens and the ‘rational’ and ‘functionalist’ constructions of Pierre Chareau
were among those referenced; all of these designers were associated with the Union
des Artistes Modernes, and all experimented with the use of glass in architecture.
Antoine’s Glass House may be a little idiosyncratic, but it sits within this wider architec-
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tural culture.?® Innovation was promoted too by manufacturers, such as the dramatic
translucent showcase built by Saint-Gobain at the 1937 Exposition Internationale.
Antoine’s Glass House shares its name with the celebrated Maison de Verre by Pierre
Chareau, Bernard Bijvoet, and Louis Dalbert. The Maison de Verre was constructed
just a few kilometres away on the other side of the Seine between 1928 and 1932.77 It
was commissioned by Annie and Jean Dalsace and incorporated the latter's medical
office in the couple’s home. The fagade is dominated by grids of glass tiles (manufac-
tured by Saint-Gobain) contained within a steel frame. Like the house at the Rue Saint-
Didier, the Maison de Verre has large external lights that could illuminate the interior
through the glass fagade. Despite their names, neither construction is a standalone
house; both are reconfigurations of existing apartment buildings.

The two buildings are contemporaneous, as construction of Antoine’s Glass House
began in 1929 and images of the finished scheme were published in design magazines
in 1931.28 However, both of Antoine’s autobiographies (published in 1946 and 1962)
state that his house was completed in 1927.2° It may be uncharitable to Antoine to
suggest this, but his rewriting of history may have been an attempt to present himself
as the innovator, with his house predating its more celebrated namesake.

Antoine’s dating of the project in 1927 would place it the same year as another ‘glass
house'—the apartment and studio designed for the sculptors Jan and Joel Martel by
Robert Mallet-Stevens in the 16th arrondissement. The light-filled double-height
sculpture studio created for the Martel brothers may have served as a model for An-
toine’s studio and Mallet-Stevens’s embrace of light as a design element serves as an
appropriate reference point.

However, Bernard Champigneulle’s 1937 article in Antoine Document advocated a
different position from the likes of Chareau and Mallet-Stevens, arguing that luxury is
the flower of the civilized spirit, a position presumably supported by Antoine as pub-
lisher and consistent with his business interests (Fig.8). Champigneulle distanced
himself from the work of members of the Union des Artistes Modernes and praised
those who sought to bring a touch of fantasy, seduction, and pleasure to the machine
age. While embracing fantasy, the decoration of the Glass House was relatively aus-
tere, with hard lines and surfaces. As publisher of Champigneulle’s article, it is likely
that the text echoes Antoine’s own thinking at the time. Although his later autobiogra-
phies praised the innovation of the Glass House, one might ask whether Antoine be-
came somewhat disillusioned with the design (by Lipska, Cabs and others, rather than
solely his own hand). Was the move to Avenue Paul Doumer prompted by comfort (or
lack of it in the Rue Saint-Didier), or a changing design ethos as much as proximity to
work?

The Omission of Antoine’s Glass House from Architectural History

However Antoine’s attitudes towards his Glass House may have shifted, it is a building
that is largely absent from architectural histories. Its physical position may have
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8 Antoine Document, 1937, Bibliotheque nationale de France.
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harmed its profile: buried within the attic floors of a 19th-century apartment building,
its exterior form was difficult to photograph (although the hidden nature of Chareau’s
Maison de Verre, which is entered from a courtyard, not visible from the street, has
arguably added to its mystique). Counter to this, as we have seen, the house at the Rue
Saint-Didier did attract considerable attention in both the general and design press
during and after construction.

The Glass House also lacked a clearly identified designer (other than Antoine himself)
whose authorship might have elevated its status. Sarah Lipska was clearly important
to the building’s realisation, but she remains an elusive figure today. Female artists and
designers have traditionally been excluded from the historical record, but this is
changing and further research on Lipska is undoubtedly warranted.

While Antoine portrayed himself as the creative force behind the project, he was not
an architect and even expressed disdain for the architectural profession. Antoine’s
camp flamboyance also does not sit entirely comfortably within certain narratives of
modernist art and architecture. The Antoine de Paris brand espoused glamour and
luxury, which is hard to place alongside the utopian ideals advocated by many modern
designers.

After the death of Marie-Berthe in 1969, Antoine returned to Poland where he later
died, aged 91. Despite his celebrity during his days in Paris, his star faded, and his
business declined. In publishing autobiographies, he was clearly conscious of his leg-
acy and proud of the Glass House. The residence was a quirky experiment in the ar-
chitectural use of glass, which brought together the worlds of fashion, art, design, and
architecture. It was a fascinating project that requires further untangling and deserves
at least a footnote in architectural history.
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IDEOLOGIE UND BAUPRAXIS
VOM ANEIGNUNGSPROZESS DES GLASES
IN DER ARCHITEKTURMODERNE

Florin Gstohl

Abstract

The development of skeleton construction and the industrialization of building-material produc-
tion in the late 19th and early 20th centuries made it possible to use glass on a larger scale for
architectural buildings. The use of glass was further promoted as a result of new medical
knowledge concerning the impact of sunlight and fresh air in the improvement of health. The
modern Neues Bauen movement used these arguments to ideologize increasingly the use of
glass as a main component of modern architecture. This essay focuses on the process by
which glass was appropriated in architecture between 1900 and 1940 and will show that as a
material glass had a crucial role in the development of and debates on architectural modernism.

Keywords

Glass, building technology, modern movement, Neues Bauen, building materials

Die Moderne, vor allem die Bewegung des Neuen Bauens der 1920er-Jahre, fand im
Glas einen Baustoff, der sich wie kaum ein anderer mit dem Ideal einer neuen, gesun-
den und durch die Wissenschaft aufgeklarten Gesellschaft verbinden liess. Das »Be-
freite Wohnen« (Sigfried Giedion) fiir den »Neuen Menschen« (Adolf Behne), die Forde-
rung nach einer von »Licht Luft Offnung« bestimmten Architektur, war eng verbunden
mit den neuen wissenschaftlichen Erkenntnissen der Bauhygiene und Bautechnik.!
Grossformatiges Flachglas in Kombination mit der Skelettbauweise in Eisen bzw. Stahl
und Beton ermdglichten die nahezu beliebige Offnung des Baukérpers, was zu einer
grundlegenden Veranderung des Verstandnisses von Statik und Raum fiihrte.? In Ver-
bindung mit den neuen Idealen der Moderne, in der wissenschaftliche und technische
Erkenntnisse zunehmend Argumente sowohl in der theoretischen als auch formalen
Ausbildung von Architektur bildeten, kam dem Glas eine zentrale Bedeutung zu. Wie
ausserordentlich diese Bedeutung vor allem flir das Neue Bauen war, zeigt nicht zu-
letzt die Ende der 1920-Jahre zunehmend einsetzende Kritik, bei der die Verwendung
von Glas einen zentralen Aspekt darstellte.
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Eisen und Glas oder das »Problem der Masse«

Mit der Entwicklung und verstarkten Verwendung der Skelettbauweise in Eisen und

Glas stellten sich ganzlich neue Probleme fiir die Architektur. Mit eindriicklicher Klar-
heit beschrieb der Berliner Architekt und Direktor der Bauakademie Richard Lucae

bereits 1870 in einem Vortrag diese neuen Herausforderungen. Wollte Lucae den Ein-
fluss des Eisens auf die architektonische Entwicklung weder bejahen noch verneinen,
sprach er der neuen Bauweise einen asthetischen Einfluss mit Bestimmtheit ab. Zum

einem war es fir ihn und seine Zeitgenossen abwegig, dass Gebilde, die auf techni-
schen Bedingungen beruhen, ein Produkt der Baukunst bilden konnten. Das hatte

sowohl gegen ihr Verstandnis von Baukunst gesprochen als auch die Daseinsberech-
tigung des Bauklinstlers selbst in Frage gestellt.

Doch die Kritik bezog sich auf die den feingliedrigen Skelettbauten fehlende Material-
masse, auf der nicht nur die Uber Jahrhunderte kultivierte Gewissheit beruhte, ein

Bauwerk kdnne erst durch das Aufschichten von Baustoffen statisch sicher sein, son-
dern auch die Uberzeugung, dass eine architektonische Gestaltung nur aus der Masse

heraus moglich sei.®

Wie einschneidend diese Veranderungen waren, vom statisch-physikalischen Ver-
standnis Uber die bislang gtiltigen architektonischen Prinzipien bis zum eigentlichen

Selbstverstandnis des Architekten, zeigt eine Beschreibung Cornelius Gurlitts am

Ende des 19. Jahrhunderts, der nochmals auf das tiefliegende Verstéandnis von Sicher-
heit und Materialmasse aufmerksam macht: »Das diinne Gerlist des eisernen Tragers,
der eisernen Briicke war als haltbar berechnet und erprobt. Die Empfindung konnte

jedoch diese rechnerisch gewonnene Uberzeugung nicht auf sich nehmen; sie straub-
te sich gegen das Wissen.«* Die modernen Eisenbauten mit ihren bislang unbekann-
ten Grossendimensionen stellten nicht nur das bisherige statische und gestalterische

Verstandnis in Frage, sondern durch deren Kombination mit Glas wurden auch die

Raumgrenzen im Prinzip umgewertet. Die bislang mit der statischen Sicherheit ver-
bundene Materialmasse der Mauern und Pfeiler schwand zu diinnen Staben und Fl&-
chen, wodurch der Raum nicht mehr durch Wand oder Gewolbe, sondern allein durch

sich selbst zu wirken begann.®

Fir den Wiener Kunsthistoriker Joseph Bayer materialisierte sich im modernen »bis

zur Peinlichkeit achromatisch gereinigt[en]« Glas die »geistige Optik« einer zunehmend

durch Logik und Vernunft gepragten Epoche, in der »Mikroskope und Fernglaser« wie

eine Manifestation des neuen rationalistischen Zeitalters betrachtet werden kénnen.
Wie bereits Lucae das Gestaltungsproblem bei den Eisenbauten auf die fehlende Mas-
se bezog, merkt Bayer an, dass das »Glas im Verein mit dem Eisen« die Architektur von

der »kiinstlerischen lllusion« befreien wolle und anstelle der gestaltenden Fantasie

nun der »berechnende Konstruktions-Verstand« trete, was, so bedauert Bayer, »auch

ein Sieg des Rationalismus« darstelle.®

Erste Ansatze dieses technischen Rationalismus fanden sich schliesslich in den Indus-
triebauten der Reformbewegung um 1910 wieder, die allerdings noch immer von einer
Auseinandersetzung des durch die neuen Baustoffe gestellten Massenproblems zeug-
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ten. Einer der gewichtigsten Vertreter dieser »baukorperlichen«, durch die Masse ge-
staltenden Bauform war Peter Behrens, dessen Ansichten in der Reformbewegung um
den Deutschen Werkbund weitestgehend Giiltigkeit besassen. Behrens konstatierte,
dass durch die Statik, die »das Minimum an Material fir eine Konstruktion« zu ermit-
teln habe, dem Eisen »gewissermassen eine entmaterialisierende Eigenschaft« ge-
geben werde. Diese Eigenschaft solle zwar entsprechend der auf die Grundlagen der
Architektur zuriickgehenden Reform von Zweck und Funktion zum Ausdruck gebracht
werden, doch, so Behrens, »Architektur ist Kérpergestaltung und ihre Aufgabe ist nicht,
zu enthllen, sondern ihr urspriingliches Wesen ist, Raum einzuschliessen.«’
Betrachten wir vor diesem Hintergrund des »Massenproblems« zentrale Bauten der
frihen Architekturmoderne um 1910, wie z. B. die AEG-Turbinenfabrik von Peter Beh-
rens in Berlin-Moabit (1909-1910), das Glashaus von Bruno Taut oder die Musterfabrik
von Walter Gropius und Adolf Meyer auf der Kélner Werkbundausstellung (1914), erken-
nen wir, dass diese Suche nach einer neuen Form sich in der Bestrebung dusserte,
dem neuen »wesenlosen« Baustoff Glas, wie es Walter Gropius noch 1911 nannte, eine
baukdrperliche Form zu geben (Abb. 1-2).2 Die Reformarchitektur, so scheint es, arbei-
tete sich noch immer am Massenproblem ab und versuchte, dieses tiefsitzende Ver-
stéandnis auch auf die neuen Baustoffe und Baumethoden zu Gbertragen.

Neben den Industriebauten standen als erste Vermittler von grossangelegten Glas-
anwendungen die stadtischen Warenh&user wie Jelmoli von Stalder und Usteri (1897-
1899) in Ziirich, Tietz von Werner Sehring (1899-1900) in Berlin oder Joseph Maria
Olbrich (1907-1909) in Diisseldorf, bei denen die Fassaden zur Prasentation der Waren
grosstmoglich in Glas aufgeldst werden sollten (Abb. 3-4). Wie jedoch ein Vergleich
dieser zwischen 1897 und 1909 erbauten Warenhauser zeigt, entwickelte sich die Bau-
form nicht zu einer weiteren Auflosung des Baukorpers, sondern im Gegenteil zu einer
mehr geschlossenen, den Baukdrper betonenden Form zurlck. Auch wenn das von
Lucae bis Behrens noch aktuelle »Massenproblem« hier mit als Grund einbezogen
werden muss, so scheinen vor allem die zu Beginn des 20. Jahrhunderts verscharften
feuerpolizeilichen Bestimmungen eine durchgehende Glasfassade nur noch begrenzt
ermoglicht zu haben.® Konnte z. B. bei Alfred Messels Wertheimgebaude (zweiter Bau-
abschnitt, 1896-1906) das Glas noch zwischen den Pfeilern tiber die Stockwerke
durchgezogen werden, zeigt das drei Jahre spater fertiggestellte Warenhaus Tietz von
Olbrich bei den Briistungen der Stockwerksebenen deutliche Unterbrechungen, die
sich hier in der Horizontalen als dunkle Abdeckungen abzeichnen (vgl. Abb. 4).

Hygiene und Glas: Luft, Licht und Gesundheit

Die zunehmende Verwendung von Glas in der Architektur und vor allem im Wohnbau
wurde wesentlich durch die um 1900 einsetzende Hygienebewegung geférdert. So
sah Hermann Muthesius, dessen drei gewichtigen Bande zum englischen Haus
(1904-1905) starken Einfluss auf die Reformbewegung im deutschsprachigen Raum
hatten, eine der wesentlichen Neuerungen in der gegenseitigen Einflussnahme neuer
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Bruno Tauts Glaspavillon (links) und die Musterfabrik von Walter Gropius und Adolf Meyer (rechts) auf der
Werkbundausstellung in KoIn 1914. Schulze 1928, 10-11.

158 Florin Gstohl



Ideologie und Baupraxis 159



Die Schuhleistenfabrik in Alfeld a. d. Leine von Walter Gropius und Adolf Meyer (links) von 1913 und die
AEG-Turbinenhalle in Berlin von Peter Behrens (rechts) von 1909. Schulze 1928, 12-13.
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Warenhaus Jelmoli, 1897-1899, Stalder und Usteri, Ziirich.

asthetischer Ideale mit einem ebenso neuen hygienischen Bewusstsein.'® Die Bestre-
bung nach zweckmassiger Gestaltung, die »Beforderung des Eintritts von Luft und
Licht« und die flichige Asthetik, die, wenn auch nur sinnbildlich, alles vermeiden soll-
te, woran sich Schmutz ansammeln kdnnte, brachte er mit diesem neuen »Sauberkeits-
bedlrfnis« in Verbindung.

Dieses neue Hygienebewusstsein wurde durch die rasante Zunahme von Zivilisations-
krankheiten in den Uberflllten Stadten, vor allem Tuberkulose und Rachitis, stark ge-
fordert. Die erfolgreiche Behandlung durch Licht- und Lufttherapien in den Sanatorien
hatte die Gewissheit gebracht, dass natirliches Licht und gute Belliftung massge-
bend fir eine gesunde Wohnumgebung waren. So schrieb bereits 1920 Rudolf Eber-
stadt in seinem Standardwerk zum Wohnungswesen, dass »Hausform und Wohnwei-
sen« einen wesentlichen Einfluss auf die Gesundheit der Bewohner haben'?, rund
zehn Jahre spater wird im Handwérterbuch des Wohnungswesens konstatiert, dass
zwischen der Sterblichkeit und der »"Wohn- und Belegungsdichte eine weitgehende
Ubereinstimmung« bestehe und damit die »natiirliche Belichtung unserer Wohnraume
als unmittelbarer Gesundheitsfaktor angesehen werden« miisse.™
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Warenhaus Tietz, Ansicht der Fassade an der Theodor-Kerner-Strasse, 1907-1909,
Joseph Maria Olbrich, Disseldorf.

Hygiene wurde in den 1920er-Jahren zu einem zunehmend integralen Thema der
Architektur, das der Bevolkerung durch Ausstellungen nahergebracht wurde und sich
etwa im verstarkten Bau von Krankenhausern architektonisch niederschlug. Die neuen
bauhygienischen Erkenntnisse fanden dann auch Eingang in baubehdordliche Bestim-
mungen: So wurde beim Wettbewerb zum Berner Lory-Spital (2. Wettbewerb 1925)
von der Jury das Verhaltnis von Lichtéffnung (Fenster) und Bodenflache als zentrales
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Doppelseite mit
Skizzen von Walter
Gropius zur Ent-
wicklung der Strei-
fenbauweise. Gie-
dion 1928, 14-15.

Kriterium fUr die Vergabe des Auftrags aufgefiihrt." Otto Volckers, der mehrere Fach-
publikationen zu Glas und Fenster veroffentlichte, machte jedoch darauf aufmerksam,
dass z.B.das 1935 in den »Leitsatzen der Tagesbeleuchtung« der Deutschen Industrie-
norm DIN 5034 festgeschriebene Verhaltnis von Fensteroffnung zu Bodenflache (1 zu
10) als eine Faustregel betrachtet werden misse, da darin weder die Fensterrahmen
noch die Position der Fensteroffnung miteinkalkuliert werden.”™ Doch zeigen gerade
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diese zu Normen erhobenen Faustregeln die zentrale Bedeutung der Belichtungsfra-
ge, die nicht zuletzt durch die Entwicklung vom Blockrand- zum Streifenbau ihre deut-
lichste Manifestation erhielt (Abb. 5).

Ein frihes Beispiel einer durch wissenschaftliche Auseinandersetzung entwickelten
Losung stellen die sog. Glasprismen dar, die durch deren prismenférmige Unterseite
die Lichtstrahlen geblindelt in schlecht zu belichtende Raume wie Keller oder Hinter-
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Werbeanzeige der
Luxfer-Prismen-Fabrik,
Wien. Luxfer-Prismen und
Elektro-Glas, Katalog 1906.

hofe leiten sollten (Abb. 6). Die Architekten der Moderne fanden in deren Weiter-
entwicklung zum Glasbaustein schliesslich eine Form des Glases, die dem »Massen-
problem« entgegenkam, in dem ganze Wande und Decken in Glas ausgeflihrt werden
konnten. Das Glas wurde dadurch vom »wesenlosen Material« (Gropius) zum vollwer-
tigen »architektonischen Baustoff« (Taut) transformiert.’®

Glas und Fenster oder die Maximierung der Innenraumbelichtung

Der wichtigste Anwendungsbereich von Glas in der Architektur blieb natirlich das
Fenster, zu dem intensive Forschungen zum Aufbau sowie zur Herstellung und Licht-
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Illustration der
Fensterform und Raum-
ausleuchtung. Volckers
1948, 65.

durchlassigkeit betrieben wurden. So wurden z. B. Position und Format des Fensters
auf ihren Einfluss auf die Raumausleuchtung untersucht und die Hohenlagen der
Fenster nach der entsprechenden Raumfunktion hin analysiert. Wie wichtig Format,
Lage und Position der Fenster fur die Innenbelichtung sind, zeigt eine Grafik von
Volckers eindricklich (Abb. 7). So erzielt z. B. ein zwei Meter breites Panoramafenster
fur einen 22 m2 grossen Raum eine deutlich bessere Belichtung als Hochformat- oder
Bandfenster, die nur eine unregelmassige, vor allem in der Tiefe ungentigende Belich-
tung erzielen."” In einer weiteren lllustration zeigt Vélckers anhand neun verschiede-
ner Fensterrahmentypen von zweiflligligen Fenstern, wie viel Licht durch die auf den
ersten Blick vernachlassigbaren Fensterrahmen vom Eintritt in das Innere abgehalten
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Illustration des Verhalt-
nisses von Scheibenlichte
zur rohen Mauerlichte
bei Fenstern mittlerer
Grosse (hier von 1,50 m?
Mauerlichte = 1.20: 1,25 m).
Volckers 1948, 59.

wird (Abb. 8). So zeigt der verbliffende Vergleich zwischen dem noch in den 1920er-
Jahren weitverbreiteten Sprossenfenster mit oberem Kampferbereich bei Nummer 9
und dem Doppelfliigel mit filigranem Eisenrahmen bei Nummer 1, dass beim Sprossen-
fenster 25% weniger Glasflache vorhanden ist und damit ein Viertel weniger Licht in
den Innenraum gelangen kann als bei einem vollverglasten Eisenfenster.™

In den Berlinern Mietshausern und Siedlungsbauten scheinen bis in die zweite Halfte
der 1920er-Jahre noch Sprossenfenster oder Fenster mit Kdmpferzone gebrauchlich
gewesen zu sein.” Auch Wilhelm Libbert behandelt noch 1926 in seinem Buch zum
»Rationellen Wohnungsbau« unter der Rubrik »Fenster« lediglich die Frage, ob weiter-
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Wohnhausblock an der
Heiligendammer-Dobrea-
ner Strasse in Berlin von
O. R. Salvisberg, mit dem
ersten Bauabschnitt
1924-1926 (oben) und
dem zweiten Bauabschnitt
1925-1927 (unten). Siedler
1928/1929, 149.

hin Sprossenfenster mit Kimpferzone verwendet werden sollten oder nicht.2° Eine
schrittweise Entwicklung hin zum vollverglasten Fenster scheint sich erst zu Beginn
der zweiten Halfte der 1920er-Jahre durchzusetzen, wofiir das Beispiel des in zwei Bau-
etappen erstellten Wohnhausblocks in Berlin-Schmargendorf (1924-1927) von Otto
Rudolf Salvisberg dienen mag. Obwohl es sich um denselben zusammenhangenden
Mietshauskomplex handelt, wechselt Salvisberg innerhalb beider Bauabschnitte vom
Fenster mit Kdmpferzone (1924-1925) beim ersten Baublock zum vollverglasten Dop-
pelfliigel (1925-1927) beim zweiten Gebaudeabschnitt (Abb.9). Dieser Sprung war
wohl nicht zufallig und kdnnte u.a. auch mit der Griindung der ersten Ziehglasfabrik

Ideologie und Baupraxis

169



170

in Deutschland in Zusammenhang stehen, die ab 1925 Flachglas zu glinstigen Preisen
auf den Markt brachte.?!

Auch im Industriebau, bei dem die neuen Konstruktionen und Glasanwendungen friih
erprobt wurden und nicht zuletzt als Vorbild fiir die sachliche Architektur des Neuen
Bauens dienten, wurden Untersuchungen zur Arbeitsplatzbelichtung angestellt.
Wurde vordergrindig mit der Gesundheit und Sicherheit der Arbeiter argumentiert,
ging es tatsachlich doch vor allem um die Steigerung der Arbeitsleistung. So konnte
Jonathan Crary aufzeigen, dass bereits im 19. Jahrhundert die Koordination von Augen
und Hand sowie die Reaktionszeit und Ermidungsschwellen des Auges eingehend
untersucht wurden, was nicht unwesentlich darauf zurlickzufiihren ist, dass man
wissen wollte, wie sich der Mensch an die sich verandernden Produktionsaufgaben
anpassen kann.?? Dieser Rationalismus wird zu Beginn des 20. Jahrhunderts auf die
Architektur ausgeweitet, in dem z.B. Walter Gropius den argumentativen Briicken-
schlag zwischen asthetischer Fabrikarchitektur, Zufriedenheit und Arbeitsmoral wagte,
was sich freilich in der erhdhten Leistungsfahigkeit des Arbeiters niederschlagen
sollte.?® In seiner zentralen Inventur zum Glas in der Architektur der Gegenwart (1929),
spricht Konrad Werner Schulze schliesslich von einem »neuen Wollen«, das durch die
wissenschaftliche »Entratselung der Natur und Beherrschung ihrer Welt der Stoffe«
getrieben wird und damit zur Auflésung der »materiellen Welt« fiihre.?* Dieser »Ent-
materialisierungsprozess«, der sich in der verstarkten Verwendung von Glas in der
Architektur am augenscheinlichsten manifestierte, wurde gegen Ende der 1920er-Jahre
jedoch zu einem zentralen Kritikpunkt am Neuen Bauen und diente als Beleg dafir,
dass sich dieses von seinen baupraktischen Zielen entfernt hatte.

Das Glas als Medium der Kritik am Neuen Bauen

Die Kritik am Neuen Bauen ging mit einer allgemeinen Reflexion Uber die bisherigen
architektonischen Leistungen einher, die nun auf ihre praktische Anwendung geprift
werden sollten. So fragte z. B. Peter Meyer bereits 1928, was denn eigentlich Wesent-
liches damit gesagt sei, wenn man »in jeder Form, sei es Bauwerk, Topf oder Stuhl, die
technischen Komponenten« aufzeige?®, und Hans Poelzig machte auf die »Unsachlich-
keit« aufmerksam, die in der teuren Uberbriickung grosser Spannweiten lag, ohne
dazu gezwungen zu sein.?® Vor allem die vom Industriebau extrapolierte grossflachige
Verwendung von Glas im modernen Skelettbau wurde fiir diese Kritik hinzugezogen.
Auch Otto Rudolf Salvisberg nahm in seiner Funktion als ETH-Professor fur Architektur
(1928-1940) die Kritik der zunehmenden formal-asthetischen Entwicklung des Neuen
Bauens auf und machte diese vor allem an der grossflachigen Glasverwendung fest.
Zwar habe die Offnung der Gebaude aufgrund des neuen »Luft und Lichtbediirfnisses«
sich folgerichtig in den »glasernen Bauten« niedergeschlagen. Doch aufgrund der
Ubermassigen Verwendung neuer Baustoffe wie dem Glas und dessen Kombination
mit einer »lUbertriebenen Nitzlichkeitsdogmatik« hatten sich die Bauten zunehmend
einander angeglichen.?” An bekannten Bauten wie dem Werkstattgebaude des Bau-
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hauses Dessau von Gropius und Meyer (1925-1926) und dem Haus Tugendhat in Brno
(Briinn) von Mies van der Rohe (1929-1930) veranschaulicht Salvisberg seine Kritik.

Zwar gesteht er ein, dass ohne das Bauhausgebaude »spétere, gute Bauten nicht
denkbar« gewesen wéren. Doch sieht er in der Glasfassade keinen zweckbedingten,
sondern einen asthetischen Entscheid massgebend. Die Glasfassade in »Stahl und
Glas« vermittle nicht nur falsche Tatsachen, in dem sie die Stockwerkslagerung und
freie Grundrisseinteilung der Stahlbetonkonstruktion verschleiere, sondern auch dem
Nutzungszweck durch die klimatischen Probleme nicht entspreche. Das Bauhaus
musse trotz seines »beachtenswerten Versuchs [...], die Schonheit einer Glaswand zu
demonstriereng, als ein »warnendes Beispiel« gesehen werden, in dem die »Glas-
Stahl-Struktur als Leitmotiv« dem eigentlichen Nutzungszweck geopfert wiirde.?®
Auch beim Haus Tugendhat kdnne das eigentlich technisch vermeidbare Hineinriicken
der Stutzen nur aus dem »Willen zur Modernitat« erklart werden, der Uber den eigent-
lichen Nutzungszweck zugunsten der grossen Glasflachen gestellt werde.?® Diese
unverhaltnismassige und kaum noch funktional begriindbare Verwendung von Glas
sieht Salvisberg als symptomatisch fir die architektonische Entwicklung Ende der
1920er-Jahre an, die den Nutzer des Gebaudes hinter die Giber das Glas ausgedrick-
te Modernitat stellte.>® Den Bogen zuriick zum »Massenproblem« der Zehnerjahre
schlagt dann jedoch Hans Poelzig, indem er &hnlich wie Salvisberg den »Wahn« der
ausgedehnten Fensterflachen kritisiert, was eine ebenso doktrinare Grundhaltung bil-
de wie die doch eigentlich bereits Uberwundene Behauptung, dass zu einer »richtigen
Architektur« auch »schwere Massen und grosse Mauerflachen« benotigt wiirden.®

1 Siehe dazu Giedion 1929 und Behne 1927. Zu den ideologischen Verflechtungen siehe Poppel-
reuter 2007.

2 Siehe dazu u. a. Schulze 1929.

Lucae 1870. Diese Ansicht vertrat bereits Gottfried Semper und zu seinem bekannten Aus-

spruch flihrte, dass das Eisen einen »mageren Boden fiir die Kunst« aufgrund seiner fehlenden

Masse biete. Siehe dazu Semper 1849, 62.

Gurlitt 1899, 463.

Meyer/Freiherr von Tettau 1907, 184.

Bayer 1886, 275.

Behrens 1910, 357.

Gropius 1911a, 29-30.

Neubauer 1915, 559. In Berlin wurde ab 1906 eine feuersichere Trennung der Stockwerke vorge-

schrieben.

10 Muthesius 1904/1905.

11 Muthesius 1902, 52.

12 Eberstadt 1909, 208.

13 Albrecht/Gut/Libbert 1930, 376.

14 Urteil des Preisgerichts zum zweiten engeren Wettbewerb flir den Bau des Lory-Spitals in Bern,
14. August 1925, Staatsarchiv Bern, Inv. Nr.: Insel 11 497.

15 VOlckers 1939, 84.

16 Siehe dazu: Taut 1926.

17 VOlckers 1948, 64-67.

18 Ebd., 58-66.
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19 Es handelt sich hierbei um eine mehr liberblickshafte als quantifizierbare Beobachtung, die bei
der Durchsicht verschiedener zeitgendssischer Publikationen zum Wohnungsbau angestellt
wurde. Siehe z.B. Hajos/Zahn 1928; Gutkind/Schallenberger 1931; Miller-Wulckow 1975.

20 Libbert 1926, 60.

21 Riepen 1929, 28-29.

22 Crary 2012, 216.

23 Gropius 1911b, 27.

24 Schulze 1929, 20-21.

25 Meyer 1929, 318-321.

26 Poelzig 1931, 10.

27 Salvisberg 1933, 20.

28 Salvisberg 1940, 57.

29 Salvisberg 1933, 20.

30 Ebd, 21.

31 Poelzig 1931, 10.
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SYMBOLIC TRANSPARENCY
GLASS IN THE REPRESENTATIVE
CORPORATE ARCHITECTURE OF
THE 20TH CENTURY

Hauke Horn

Abstract

There is no question that glass played a decisive role in shaping architectural development in
the 20th century. In architectural history, the material has mainly been related to the modern
dictum of ‘light, air, sun’ and thus been explained in terms of its function. In addition, however,
glass often had symbolic connotations and was intended to convey certain messages. The
focus of this essay is on representative corporate architecture, in which glass was specifically
used in the context of modern curtain walls to visually communicate a certain image.

Already the legendary glass pavilion designed by Bruno Taut for the Werkbund exhibition in
Cologne (1914) was originally intended as a promotional object for the glass industry. In post-
war corporate buildings, glass was then deliberately used within the framework of advertising
architecture to symbolize certain (ostensible) characteristics of companies, such as transpar-
ency, progressiveness, cleanliness, etc. The buildings of the architectural firm Skidmore,
Owings & Merrill (SOM) in New York, such as the Lever Brothers skyscraper (1952), the branch
of the Manufacturer Trust on Fifth Avenue (1954) or the headquarters of the Chase Manhattan
Bank (1961), were particularly trend-setting. Subsequently, a modern glass iconology developed
that adapted to later requirements such as energy efficiency (since around 1990) and which is
still valid today. In other cases, glass became an aesthetic end in itself from the 1970s onwards.
A prime example is the Deutsche Bank Towers in Frankfurt am Main (1984), which are com-
pletely encased in glass, but whose mirroring counteracts the symbolic transparency usually
sought in bank advertising and nevertheless (or perhaps precisely because of this) became a
symbol of Frankfurt's financial industry par excellence. In this regard, this essay also addresses
the renovation of the Towers’ mirror glass fagcade in the context of corporate identity about ten
years ago. It concludes with a look at the RWE headquarters in Essen (1997), which set new
standards in terms of the transparency of a glass skyscraper—literally and figuratively.

Keywords

Corporate architecture, visual communication, skyscraper, curtain wall, transparency, glass
iconology

Glass has had a decisive influence on the architecture of the 20th century. Mies van
der Rohe's visionary competition design for a high-rise building in Berlin's Friedrich-
strasse (1922), in which an office building was to be completely covered with a glass
fagade for the first time, served as a model and inspiration for generations of architects
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Design for a high-rise
building on Friedrichstrasse,
Berlin, Germany, photomontage,
1921, Mies van der Rohe.

(Fig.1)." The desire for ‘light, air and sun’ subsequently made glass a leading material
in the modern architecture movement. It is less well known that glass sometimes had
symbolic connotations beyond pure functionalism and that the material iconology had
a notable influence on the spread and popularity of glass in 20th-century architecture.
Representative buildings of large companies, in which glass was specifically used to
communicate a certain image visually, played a significant role in this development.?

Even the legendary glass pavilion designed by Bruno Taut (1880-1938) for the 1914
Werkbund exhibition in Cologne, which is considered one of the key buildings in the
architectural history of the early 20th century owing to its artistically sophisticated and
architecturally innovative use of the material, was created primarily as an ‘advertising
pavilion for the glass industry’? In the post-war period, visions of glass skyscrapers
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Seagram Building, New York, USA,
1954-1958, Mies van der Rohe.

finally became reality. Once again it was Mies van der Rohe (1886-1969) who wrote
modern architectural history with the headquarters for the Seagram Company in New
York, completed in 1958 (Fig. 2).* Although celebrated as a milestone of functionalism
with a light curtain wall of steel and glass, the extravagant bronze tone of the glazing
was often symbolically related to the whisky manufacturer’s products.

A New Kind of Ganzglas-Haus (‘all-glass house’)®

The incunabulum of the modern glass skyscraper, however, had been created six years
earlier on the opposite side of the street: the US architectural firm Skidmore, Owings
& Merill (SOM, 1936-today), with Gordon Bunshaft (1909-1990) as lead designer,
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Lever House, New York, USA,
1950-1952, Skidmore, Owings & Merill
(SOM)/Gordon Bunshaft.

designed prestigious administrative headquarters on Park Avenue for the detergent
and soap manufacturer Lever Brothers (Fig. 3).6 The curtain wall of Lever House con-
sists almost entirely of glass, an essential difference from the curtain wall of the Sea-
gram Building where a steel grid co-determines the fagade in equal measure: blunt
strips of dark grey steel panels divide the curtain wall horizontally, while the steel
mullions on the outside structure it both vertically and stagger it in depth. In contrast,
the curtain wall of Lever House appears as an all-glass fagade with an almost smooth
and consistently reflective surface. This is because glass panes were also placed in
front of the opaque storey ceilings and parapets while at the same time the stainless
steel profiles of the mullions stand out only slightly, thus structuring the fagade in a
graphic manner.” In addition, the blue-green tint of the thermal insulation glazing con-
tributes to the fagade being perceived as a two-dimensional glass skin.
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Admired in the press as a novel Ganzglas-Haus, Lever House attracted much interna-
tional attention when it was completed in 1952.2 What is striking about the contempo-
rary reporting is that special attention was paid to the cleanliness of the fagade and
that this aspect was always associated with the Lever Brothers’ business. In Bauwelt,
for example, we read: ‘So here in New York, for a clean soap manufacturer’s building,
a “paradise has been created” for window cleaners.* And a contemporary advertise-
ment said: ‘Its 24 stories of stainless steel and blue-green glass stand as a gleaming

symbol of the cleanliness that motivates the business. Mastery over dirt and grime
perpetuates this symbol.""® The shiny glass fagade of the Lever House was thus under-
stood as a symbol of cleanliness, a value that had a very positive connotation in the
1950s, and thus had an advertising effect for the products of Lever Brothers.™ This
strategy of communicative use of material was described as markenanalog (‘brand-
analogous’) by the author.”? The use of brand-analogous characteristics can be continu-
ously found in corporate architecture and was a popular strategy in the post-war peri-
od to use architecture medially within the framework of modern guiding principles.™

Transparency instead of Solidity: A Paradigm Shift in Banking Iconography

With the 1954 branch of the Manufacturers Trust on Fifth Avenue in New York, SOM
and Gordon Bunshaft not only created another incunabulum of modern glass archi-
tecture, but also initiated a paradigm shift in architectural banking iconography
(Fig.4)." Louis Skidmore (1897-1962), co-founder of SOM, formulated the moral claim
that was implemented with the radically modern architecture: ‘We had an idea that it
was time to get the banks out of mausoleums. [...] We're trying to make the bank more
human.'®®

In the 19th century, a firm architectural iconography had become established in the
financial sector, which in Central Europe was oriented towards Italian Renaissance
palazzi and Baroque aristocratic palaces and remained valid until the 1930s.® The
iconological guiding material of this historicist bank architecture was natural stone,
which, as solid ashlar masonry on the fagade, was intended to convey security and
solidity, whereas exclusive marble fittings in the interior signalled liquidity and pros-
perity.”” This opulent and solid bank architecture of the turn of the century, oriented
towards feudal buildings, was increasingly understood after the Second World War as
a symbol of a banking system that had come under criticism and was perceived as
conservative, elitist, and secretive. In the post-war period, banks therefore sought an
extensive image change, with a view to expanding their business sector, which would
relate them to qualities such as transparency, progressiveness and proximity to cus-
tomers.™

In this sense, Gordon Bunshaft's design for the branch on Fifth Avenue opposed the
stone bank palazzo with an antithetical counter-design made of glass, which had a
radically modern effect and literally translated openness and transparency into archi-
tecture. For this, SOM constructed a curtain wall with floor-to-ceiling glazing that
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Former Manufacturers Trust Company Building, New York, USA, 1953-1954, Skidmore, Owings & Merill
(SOM)/Gordon Bunshaft.

measured an imposing 22'x9' 8" (6.70 x 2.95 m) on the second floor.” These were the

largest plate glass panes ever installed in a building at that time.2° Unlike Lever House

with its shiny, reflective glass skin,