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Summary: This paper presents a graphical, constraint-bagstem aimed at assisting designers during theestagtages of the structural design
process. While taking full advantage of well-triegtthods of graphic statics, this system introddabeur-saving devices for the computer-aided
shaping of structures. As a result, it is argued this system supports new paradigms of strucegailibrium design.
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ABSTRACT

Structural morphogenesis can be defined as thanpnalry definition of
a structure’s geometry (and hence its stresseg)rédbedny detailed
analysis is undertaken. If looking for structuraffiogency and
robustness, this morphogenesis is of crucial ingmoe because the
structural behaviour it determines will not genlgrdle modified after
the subsequent structural analysis.

When looking at current structural morphogenesastoform-finding
algorithms and manual methods both reflect a kadakack of design
efficiency. On the one hand, form-finding resulte difficult for the
designer to amend; on the other, computers do eipt Wwith manual
methods. Against this backdrop, this paper disausefeatures and the
effects of a newly developed system aimed at interely supporting
designers in their search for static equilibrium.

This system uses a strut-and-tie abstraction walichivs the stability of
a very large range of structures to be modeleditasic or hyperstatic
reticular structures, mechanisms, irregular beanhgested to bending,
compression-only structures, discontinuous strieddsfetc. In order to
manage all the variables in an entirely graphicaywhe strut-and-tie
model is described in full by the two reciprocahgtiams of graphic
statics: a form diagram whose points control thenyetries and a force
diagram whose points control the stress intensities

Starting from scratch, the designer has a setstfuintions available that
allow any strut-and-tie model to be built and midifstage by stage.
The geometric properties of these instructions ajtee that the strut-
and-tie model stays in static equilibrium whatether stage. This feature
prevents the user from ascertaining the actualicstetjuilibrium
manually and hence allows a narrower focus on staabtural choice.

Three kinds of instructions can be identified: tfiest applies a
geometric constraint to a point; the second resdleeces or transforms
rods into two opposite forces and vice versa; aedhird is a procedure
comprising any other instructions, allowing fortarsce the combination
or the refinement of existing sub-systems of ebritlim.

When applied in the form diagram, a geometric cairst can, for
example, compel a rod to stay within a certain aret have a certain

WA
!

O i

’\

() Y

(a) T

4

orientation. When applied in the force diagram,eargetric constraint
can, for example, compel a rod to be under a centaiximum stress.

If planar, those geometric constraints are any &molcombination of
three fundamental shapes: a half-plane, the imt@fica disc and the
exterior of a disc. These three constraints arcgrit for extending the
usual ruler-and-compass constructions considerabigleed, their
definition allows the user to compute inequalitigaphically and apply
geometric constraints that vary exactly like dynamdonditional
statements. On the other hand, interdependenciesrstraints allow
the user to constrain a point on any non-standaneer shape.

The sum of the constraints applied on a given peisimply displayed

as a geometric shape inside which the point hasatp If those shapes
are propagated on every child point, it is impdssfbr a point to have

no position in which to stay. Each shape therefasaally synthesizes
all the solutions of the geometric problem.

Since these geometric constraints are based onryasweall set of
primitive constraints and only take points as patars, the system
allows constraints to be permuted on demand andhésefore
completely free of the hierarchy inherent in cleaki parametric
modelers. The consequence of this feature is tigatiser does not have
to predict the parametric hierarchy in advance efuild the model
whenever the hierarchy is inverted.

When creating forces or rods, new geometric comstraare
automatically produced. It follows that the graphidomain of each
point displays all the design freedoms availabl¢h® user so that the
structure stays in equilibrium. The user is thele &b achieve manually
and graphically customized topological optimizasion

As a result, the system removes all the usual pteasf a hierarchical
and chronological design process since it indepahdeand
simultaneously deals with the geometries of thecatire, its inner
stresses, its hyperstaticity, its boundary condg#tiand its material
strengths. Furthermore all these design freedorasirdegrated in a
unified interactive graphical interface. Throughieas applications, this
paper shows how these features reveal the way atoseatds new
paradigms of structural equilibrium design.
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The hatched area in the force diagram (a) correfptmthe geometfic domain of point p*, where na from the form diagram (b) crosses the
rectangle; (c) a resulting reticular frame withitoment diagram; (d) a resulting concrete shedr-wa
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