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A Contribution' to the Graphic Statics; How to
Draw the Cremona Diagram ?

The Cremona diagrams are very powerful vs}eapons for the structural
engineers. However, its application is limited only to a truss with the ex-
ternal forces acting on the circumferential joints. The purpose of this work
is to extend the Cremona diagram method to all of the statically determinate
trusses. : ,

Consider a simple truss at first. When there are crossed members, the
crossing points of two members will be counted as the joints. When more
than two members cross at one point, the crossing point is replaced by an
infinitely small polygon, and the crossing points of each two are considered
to be the joints.” When the external forces act on the joints inside the truss,
it is proposed to shift the force on its line of action until its point of
application reaches the outside member and to put an imaginary member
in between.

By analysing the reciprocal force diagram, and by considering spatially
after Maxwell, an easier method to solve a highly complicated truss is
obtained. : ;

Then, consider a plane complex truss next. The author has extended
the solution of the complex truss of the first order, which is already
established, to that of the second order. Here the order is defined as the
numbers of the substituted members. Since the order of the complex truss is
decreased in a symmetrical truss, it is possible to solve a complex truss of
the order of more than two. The characteristics of the radially symmetrical
trusses are discussed.

The author proposes a new method of solving a statically determinate
complex truss. The statically determinate truss diagram including the
external forces is considered to be a statically indeterminate truss of the
first order. The magnitude of the force in one member is assumed arbitrarily.
If the truss thus obtained is a simple one, then the Cremona diagram can
be drawn. The magnitude of the resulting external force will decide the
scale 6f the forces, and its sense indicates how to go around the joint on
the Cremona diagram. This process is applicable to a truss with three and
four external forces. However, the external forces should act on a hinge
of a tetragon which has no diagonal, or should act on a hinge which has
a diagonal but which lacks an outside edge.

When more than four forces act, you have to start from the force in
one member, to find out a point to which converges the polygon of the
external forces, and then to draw the diagrams assuming two similar poly-
gons of the external forces.

Next, the author shows how to solve the case of a joint with no
external forces. The method of inserting a triangle is extended to that of
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inserting a polygon. When a complex truss of the first order has the
properties of a complex truss of the substantially second order, it becomes
impossible to continue drawing the diagram in some special cases, even
if you start from the force in one member. If il happens, then you
assume the force in another member arbitrarily and continue drawing
a polygon through. Here you can insert a polygon into the diagram you
have already drawn. This is a generalisation of the idea proposed originally
by Féppl and others. If you form an imaginery joint making use of a
joint with no load, and transform a complex truss into a simple one,
the latter will be solved. In this case it will be possible to translate
the solution of the simple truss thus transformed into that of the original
truss, if you do not replace the members which meet at the joint on which
the external forces act. '

The above is discussed for the general case. The author illustrates the
special cases such as parallel forces, parallel members, members on a same
straight line, several concurrent forces, funicular polygons, and critical
forms. When four forces act on each of the four joints of a tetragon, and
when the tetragon itself is a funicular polygon of the external forces, the
forces in the members inside the tetragon become zero. The method proposed
by the author makes the polygon of the external forces converge to one
point for a truss of the critical form, in other words, the external forces
vanish. As a special case, the force in a member becomes infinitely great
for a finite value of the external forces. Those special cases are discussed
in detalil.
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