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Foreword

This book describes a specific, but beautiful, build-
ing design: the glass grid shell for large-span, double-
curved glazed roofs with minimal structural weight and
ingenious details.

Skilfully and diligently the description encompasses
the whole range, from grid shells with flat quadrilat-
eral meshes to freeform domes and the optimization
of their shape, structure and construction, supported
by many examples taken from the author’s practical
experience.

This book is aimed mainly at structural engineers. It
introduces them to a new and attractive yet challenging
field with which they can approach not only architects
but also clients. It therefore opens up a whole range of
opportunities to structural engineers, thanks not least
to the many examples featured, including one of the
first applications of this design principle which was ap-
plied in the roof of Munich’s Olympic stadium in 1972.
So |, who was fortunate to share an office with the
author for many years and facilitate this development,
can only welcome this multifaceted book with open
arms and recommend it eagerly, in the certain hope
that it will stimulate creative engineers to build other
appealing structures using lightweight, elegant glass
grid shells.

Jorg Schlaich
Berlin, May 2015

Preface

In the 1980s, technological development inspired
the construction of single and double-curved glass
buildings. The development of powerful computers
and CAD programs, combined with CNC machines
meant that geometrically complicated structures
also became competitive. This led partly to a type of
architecture that was unshackled, to “blob architec-
ture” or organic, free-form architecture. Designing
completely free forms requires special skills which
very few designers possess, since only in the rarest
cases are opulent and undisciplined “blobs" good
architecture. Building design can only be called great
architecture when an appealing appearance goes
hand in hand with a clear functional design that is
fit for its purpose. The building's visual appearance
should be seen as an integrative part of the technical
development.

During this period, the offices of schlaich bergermann
und partner in Stuttgart developed grid shells: an in-
novative supporting structure that used prestressed
cables to convert the supporting framework into a
single-layer shell structure that is suitable for single
and double-curved shapes.

This book is by no means exhaustive but in it | have
set down my thoughts and experience regarding the
development of these transparent shells; experience
gathered since that time to the present in the offices
of schlaich bergermann und partner sbp.

| owe a dept of gratitude to my teacher and longtime
"boss” Jorg Schlaich for providing a creative, open
environment in the office which made it possible for
me to participate in interesting and innovative develop-
ments and to lead a fulfilling professional life.



The graphic design principles for grid shells, which are
simple, clear and easy to understand and can readily
be applied using the currently available modules of
customary CAD programs, take up a significant propor-
tion of the book.

There are now computer tools available that gener-
ate grids with the desired properties on unmeshed,
completely freeform surfaces, thus producing homo-
geneous structures. Whilst this would be impossible
without this software, | do believe that simple, under-
standable principles, whose basic mathematical and
geometric concepts can be reconstructed and which
therefore do not constitute a black box, still have their
place. The mathematically based shapes are "justi-
fied" and disciplined, and mathematical relationships
have their own inherent aesthetics. Rational design
principles are timeless.

That which is understandable is usually perceived as
good or right — this applies to both the geometry and
the distribution of forces. With reference to the famous
statement about good theory, Jorg Schlaich said it
in a nutshell: “There is nothing more practical than a
transparent theory."”

In Chapter 5, | confine myself to brief notes on the use
of complex programs for generating (geometric) grids
on free forms. The simple graphic design principles
of Chapter 4 can be helpful here in determining the
topology.

Chapter 6 covers structural optimization which is al-
ways accompanied in shells by shape optimization.
Hiroki Tamai and Daniel Gebreiter illustrate various
methods, some still under development, that demon-
strate, among other things, the importance of coop-
eration between architects and engineers during the
design phase. Readers who wish to study the topic of
form-finding and optimization in greater detail are also
recommended to consult the book [22/1].

So as not to exceed limits, | have used only the grid
shells designed by schlaich bergermann und partner
(sbp) as executed examples, and have listed them in
Chapter 8 together with essential information regard-
ing geometry, structure and node formation. As publi-
cations exist for most of the projects, the relevant refer-
ence has been included for each in place of a detailed
project description.

The book concludes with the chapter on Holistic De-
sign, which is understood to be a complex interaction
between geometry, topology and structural calcula-
tions in order to achieve specified optimization tar-
gets such as force-flow-oriented geometry and rod
structure, weight minimization, homogeneous material
utilization. etc.. This creates a delicate and effective
structure with technical discipline and order that is of
good quality and has excellent aesthetics; something
which can only be achieved with close cooperation
between architects and engineers at an early stage
of design.

The idea of the book is to set down the knowledge
relating to transparent shell structures that has been
acquired at schlaich bergermann und partner, and to
make it available to interested colleagues. The author's
goal will have been achieved in full if, as a result, even
just a few architects and structural engineers are en-
couraged to design aesthetic, efficient, and lightweight
shell structures and thus to contribute to the “Bauku-
[tur” (building culture).

Hans Schober
Stuttgart, May 2015
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