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FOREWORD

Glass is one of the most attractive building materials. It connects
spaces to one another while separating them. The various types of glass
range from complete transparency and openness to reflective glass that
provides hermetic separation for facades. This diversity makes glass
unique in architectural design.

Glass in its pure form is a material that needs to be carefully consid-
ered. It breaks very quickly and often unexpectedly and is sensitive to me-
chanical stress. Thanks to advances in research, however, no other building
material offers such great potential for development or such a multifaceted
spectrum of possible uses—including bulletproof glass and the creation of
bearing structures entirely of glass.

The use of glass as a building material is always coupled with knowl-
edge of technical properties and possibilities. Only by knowing the prop-
erties of various glasses, the components and elements of a glass con-
struction, and the limits of the material can an architect develop creative
solutions using this material and transcend the existing limits again and
again.

The present volume, Glass Construction, is part of a subset of the
series on construction. It begins by considering construction and conveys
to the reader an understanding of the specific properties of glass and the
possibilities that it offers as a building material. By increasing knowledge
of the building material and revealing complex structures and applica-
tions, it enables students of architecture to consider their own creative
solutions beyond the standardized offerings of the construction industry.
Many advances in glass construction have resulted not only from labora-
tory research on the material but also from innovative and unconventional
designs by architects who have met the challenges and provided stimuli for
ever new developments and uses. Basics Glass Construction is intended to
inspire students to use their knowledge of glass to explore the possibilities
for their own designs and perhaps even develop new approaches.

Bert Bielefeld, Editor
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INTRODUCTION

Like few other materials, glass possesses a symbolism that transcends
mere function and exerts a particular fascination. The glass windows of the
Gothic period already deliberately played with light in order to produce a
feeling of transcendence. In the architectural visions of modernism, this
transparent material took on central significance, although glass played
different roles, depending on the theoretical approach in question. Glass
was appreciated not only for its transparency, which permitted an almost
dematerialized shell and hence flowing, open spaces, but also for its grace-
ful, angular, and glittering qualities. The emancipation of glass from its role
as a filler in relatively small windows to become an autonomous element
would prove particularly forward-looking. Problems in terms of energy con-
servation and disregard of the physical requirements of construction put a
temporary end to the euphoria over this material.

Today, thanks, among other things, to a turn to solutions that make
sense for energy conservation, and the development of glass that provides
effective insulation and solar control, glass has once again become a high-
performance material. As such, it fulfills both functional and design require-
ments and opens up ever new areas of application.

For all the possibilities that glass offers, however, it should not be for-
gotten that it is a very brittle material. Glass breaks suddenly and without
warning when it is overstressed in particular places. That calls for precise
knowledge of the nature of the material and great care in planning and im-
plementing glass structures.

This book introduces students step by step to the basics of glass as a
building material and to glass construction. In the first three chapters, the
reader learns the properties and diversity of today's types of glass, then the
most important principles for constructing with it, and finally the different
areas of application and their constraints. The technical fundamentals are
explained intelligibly and in a structured way in terms of their principles and
by means of simple examples. In this way, students obtain an overview of the
current state of technology and are in a position to plan their own projects
using glass as a building material and to make their own ideas reality.



Composition

Types of glass

GLASS AS A BUILDING MATERIAL

THE PRODUCTION OF GLASS

Glass is produced by heating a mixture that consists largely of silica
(silicon dioxide) and soda ash (sodium carbonate). Soda ash serves as a so-
called flux to reduce the high melting point of silica (approx. 1700°C). The
melting that then takes place above 1100 °C is amorphous—that is, virtually
no crystals are formed. Because the structure of glass resembles that of
fluids, glass is sometimes called a “supercooled liquid.” > Tab. 1

The most commonly used glass in architecture is soda-lime glass,
the main components of which are silicon dioxide, calcium oxide, and
sodium oxide. Borosilicate glass, which contains boron oxide rather than
calcium oxide, is often used as fire-resistant glass thanks to its high
chemical and thermal stability. Lead glass, which is produced from lead
crystal, among other things, and special glass, which is used in opti-
cal devices, for example, have no significance for architecture. Glass ce-
ramic, by contrast, has recently begun to be used to clad facades. Trans-
parent synthetic glass such as acrylic glass and polycarbonate is lighter
and easier to work than mineral glass, but because it has a lower surface
hardness it is considerably more sensitive to scratching and thus not as
durable.

BASIC PRODUCTS

Glass products that are formed during production in a “hot” state or
immediately after cooling are generally referred to as basic products or
basic glass. Various kinds of basic glass are employed in architecture. In
addition to clear flat glasses with a smooth surface, glasses with specially
designed surfaces or special shapes are also used. Basic glass is often fur-
ther processed or finished. » chapter Processing and finishing

Tab.1: .
Composition of glass according to EN 572, Part 1 AAJ

Silicon dioxide Si0, 69-74%
Calcium oxide Cal 5-12%
Sodium oxide Na,0 12-16%
Magnesium oxide Mg0 0-6%
Aluminum oxide Al,0; 0-3%
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We describe below the types of basic glass relevant to architecture
and how they are produced.

Float glass

Float method Float glass is the most commonly used form of basic glass. Its name

derives from the process by which it is produced. The float method devel-
oped in 1960 was a milestone in the history of the production of flat glass,
because it became possible for the first time to produce large quantities of
clear, transparent glass with nearly flat surfaces.

Production begins by melting the raw materials, referred to as
“batch,” in a furnace. Next, the molten glass runs onto a flat bath of mol-
ten tin. Because it has a lower specific gravity, the glass floats on the tin,
which gives it its flat surface. This produces an endless glass ribbon that
slowly hardens; its thickness is determined by the speed with which it
is pulled over the tin bath. After passing through this tin bath, or “float
bath,” the glass ribbon passes through a cooling zone, and finally is cut
into plates. > Fig.1

The standard format, known as ribbon size, is 600x 321 cm. Its stand-
ard or nominal thicknesses are 2, 3, 4,5, 6, 8,10, 12, 15, and 19 mm.

Sheet or window glass

The term “window glass” is somewhat misleading, since float glass
is usually used for windows these days. Sheet or window glass is now
produced only individually in drawn glass facilities, in which the glass
ribbon is drawn horizontally or even vertically from the furnace. Today this
process is used to produce particular kinds of colored glass, or for special
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Rolling method

glass such as very thin glass. The surface quality is somewhat poorer than
that of float glass, as waves (called striae) are visible.

Cast glass

Cast or rolled glass is produced using the rolling method, in which
the glass mass is formed into an endless ribbon between two water-cooled
rollers. Decorations engraved into the rollers give the glass ribbon a sur-
face structure. In order to produce wired glass or ornamental wired glass,
a wire net can be rolled into the glass. Cast glass is also called ornamental
glass because of its structure or ornamental surface, and its uses include
partitions and facade openings where an open view through is neither de-
sired nor required. > Chapter Design glass, Ornamental glass

Profile glass

Profile glass is produced using a process similar to that for cast
glass. In addition to a surface structure, the glass is given a cross section
(U-profile) that is structurally advantageous, so that considerable spans
become possible. » Fig.3

Because it is economical, profile glass has been and continues to
be used for the facades of industrial buildings. Nowadays, profile glass
is also a very popular building material in architecture generally. » chapter
Applications, Profile glass



Glass bricks

Cutting
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Pressed glass

Pressed glass is the general term for glass bricks, glass ceiling tiles,
and concrete glass. These are made by fusing two bodies of glass pressed
in forms (pressing method). When cooled, the air in the hollow space within
the glass brick is under low pressure, which makes it nearly impossible for

condensation to form. Glass bricks are often used in interiors or as translu-
cent elements in solid exterior walls. Architectural glass is used primarily
in ferroconcrete construction, since it is also well suited to higher struc-
tural loads. » Fig.4

PROCESSING AND FINISHING

Most types of basic glass are further processed and finished after
manufacture, which offers an opportunity to influence not only its form
and shape but also the physical and structural properties. The spectrum of
finishing processes ranges from mechanical and heat treatments to coat-
ing and designing the surfaces.

Mechanical processing

Processing such as cutting, boring, grinding, and polishing are gen-
erally labeled mechanical processing or mechanical finishing.

Glass is cut into its desired shape. It is not really a cutting process,
since the cutting wheel or diamond merely scratches the glass surface,
and then the glass is broken by gently bending it along the scratched line.
The glass coming directly from the floating machine is cut to ribbon size
(600x321 cm) and is then given its desired final size in the finishing proc-
ess. Cutting down and further processing are usually done by machine. For
example, complex forms can be produced very precisely using a water jet
cutter. The cutting is done with the aid of high-pressure jet of water (with
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a water pressure up to 6000 bar) to which a cutting agent (an abrasive) is
added.

Edge treatments Because the edges of the glass are still sharp after cutting, it is nec-
essary to treat the edges both to prevent injury and for reasons relating to
the production process. The treatments are distinguished in the following

> [F] illustration and table. » Fig. 5 and Tab. 2

i

\\ Note:

The edge treotment offects not only the opticel
qualities of the glass plate but olso its sta-
bility. Inhomogeneous or sharp edges increase
the likelihood of damage to the gloss (crocks,
shells). The type of edge treotment must
therefore be determined before awarding the
contract; in some cases the pattern should as
well.

15
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Tab.2: N
| Edge treatments

Tern Definition

Cut Untreoted edge of gloss with shorp perimeters os o result of

cutting flot glass

Seamed Cut edge with perimeters that have been smoothed with o grinding
tool

Ground to size Pane ground to the desired size. The edge may have shiny spots
and shells.

Ground The entire edge is ground to a semimatte finish. Shiny spots and

shells are not permitted.

Polished Ground edge is polished

Various applications in modern glass construction call for boreholes
within the pane of glass. These boreholes make it possible to fasten the
plates of glass at these points. Because glass is a very hard and brittle
material, any mechanical processing must be done with an appropriate
tool—boring, for example, should be done with a diamond-tip, water-
cooled hollow drill. It should be drilled from both sides at once to prevent
breaking through the opposite side. Because local tensions can be very
high around the inner face of the hole, the panes are tempered after drilling
to increase the strength of the glass.

Tempering

Bent or curved glass is produced from flat glass that is heated to
approx. 600°C to soften it and then brought into the desired form. Glass
can be bent along one axis (cylindrically) or two (spherically), as for an all-
glass domed ceiling, for example.

Tempered safety glass (TSG) is tempered glass that has been heated to
approx. 600 °C under controlled conditions in a tempering furnace and then
cooled very quickly. The state of tension in the glass that this process pro-
duces can be “frozen,” which considerably increases the bending strength of
the material. > Fig.6

In addition, TSG has a much higher thermal shock resistance than
float glass. TSG can resist a thermal shock of as much as 150 K, whereas
float glass can only withstand thermal shock of 40 K. TSG is considered
safety glass, however, primarily due to the way it breaks. Because it is in



