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Abstract: The design process of complex forms of space structures is mostly difficult. Formian is
the programming language, which makes possible to build numerical models of any kind of the
space structures. These models can be created by means of numerous parameters and they may be
fluently changed without almost any limits. The mathematical formulations use many times
elements of symmetry and asymmetry. In the paper are presented various propositions of ways of
shaping of structural systems for large span covers, like e.g. for cable domes. ~ are shown on
examples of these systems, which are invented and worked out by the author. The
pictures[?presented in the paper are visualisations of the appropriate digital models, prepared in
Formian for the proposed shapes of the space struetuze systems.
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1. SPACE STRUCTURES AND FORMIAN

Structural systems called as space structures are very olten used in the modem architecture and in
civil engineering. Space structures, owing to the specific arrangement of cornponent parts, are
charactefised by their own, immanent and logical architectonic views. They have many advantageous
features and that is why they are applied to many useful purposes. Even the simple form of a space
structure is most of[en a statically indeterminate structure what muses that the process of its design is
usually difficult and complex. There are many computing programs used in the shaping and the
design of space structures. Formian is the programming language invented and developed by
Professor Hoshyar Nooshin and his team in the Space Structures Research Centre at the University of
Surrey in United Kingdom (Nooshin, Disney, Yamamoto, 1993). In ties programming language are
applied the basic principles offormex algebra, which is also invented by Prof. H. Nooshin. Formian
makes possible to build numerical models of the designed form of any ldnd of the space structures.
These numerical models are bases for various analyses, which have to be done during the process of
the design. These models can be created by means of numerous parameters and these models may be
fluently changed without aImost any limits. The mathematical formulations may use many times
elemenls of symmetry and asymmetry.

1.1 Examples of shaping of spherical forms of space structures

In the paper are presented results of various ways of preparing of digital models for stmcmral systems
of large span covers, like e.g. for cable domes. They are shown on examples of these systems, which
are invented and developed by the author, The beauty of a structure may be noticed not only in its
architectonic view but also during the stage of preparing its numerical model in this programming
language (RebMak, 1999, 2000).

In the paper are shown examples of shaping of structural systems, among others, for cable domes
developed in the last lime by the author. The proposed types of structural systems were obtained as
results of suitable transformations of a chosen type of a space structure and the transformations of its
component parts. Spherical form of the basic structure is shown in Figure la. The picture of that
basic stmcture is a result of an output of the program written in the programming language Fonnian.
Thus it is a visuafisation of the digital model of that kind of a space structure (Rebielak, 1999, 2000).

The cable dome systerr~ are proposed as lightweight stm~tres for various types of large span roofs.
The simple shapes of these systems consist of concentric hoops, which are built by means of modular
elements having forms mainly of simple ldnds of solids. Each type of the structure is composed of
small number of rigid bars and greater number of tensile members, which are mostly made in form of
cables. These systems have to be pre-stressed in an appropriate way. Domes of large spans, designed
by means of them, may have relatively small rises. Membrane sheets, made of special type of fabric,
could be the component parts of the structural systems. Roof covers designed by means of the
proposed forms of structural systems can obtain individual and interesting architectural views
(Rebielak, 1999, 2000).

159



Fig. 1. a) Spherical shape of a space structure, b) scheme of the first stmck~ system
proposed for cable domes of large spans

Figure lb shows the general scheme of the first type of the proposed systems. It was obtained as a
result of application and the appropriate transformation of the octahedral modular elements, which
are the component parts of the solid system of the structure shown in Fig. 1 a. The transformation was
done in a few stages. In the first one it was made a differentiation between all of the component parts,
that means it was chosen which con~nent is a rigid bar or a cable. Figure lb shows the cable dome
designed in this way with cladding in form of membrane sheets. In this picture the membrane
elements are drawn only onto the half area of the entire roof in order to present the arrangement of
cornponent parts in space of this type of the proposed structural systems.

Figure 2 shows example of another type of structural system proposed by the author for design of
cable domes of large spans. In this case the membrane sheets are presented only onto the three fourth
area of the entire cladding surface. In the patterns of the presented space structures one can easily
observe many types of symmetries. The keeping of a suitable symmetry is necessary in order to
provide these structures with the appropriate stability and rigidity (Rebielak, 1995).

1.2 Closing remarks

The digital models of these systems can be prepared in the programming language Fomaian in many
ways. Very complex shatx~ of stmcxtral systems may be defined in this language by usage of very
short form of description what is possible owing to application the basic mles of the symmetry. Even
asymmetrical forms of some space structures can be easily and simply defined in Fonnian by suitable
applying of symmetrical formulations. In the way of shaping of space structure by means of Formian
one can notice the very clear and the good examples of the intersections of art and science and/or the
symmetry or asymmetry involved between them and inside each of them.
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Fig.2. General view of the second type of the proposed systems for cable domes
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