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Author’s Reply and Corrigendum

Some shortcomings in Michell’s truss theory*

G.LN. Rozvany

FB 10, Essen University, Postfach 103764, D-45117 Essen, Germany

Abstract  This reply outlines further classes of problems for
which Michell’s original theory is valid.

1 TIntroduction

In a private communication, Gydrgy Karolyi (Technical Uni-
versity of Budapest, currently of Essen University) presented
examples, for which Maxwell’s (1872) theorem and hence
Michell’s (1904) original optimality criteria are valid, al-
though the support conditions are statically indeterminate.
The author fully agrees with Kérolyi’s remarks. In fact, in
addition to statically determinate support conditions — with
layout-independent reactions — Michell’s original optimality
criteria give the correct optimal layout for the following,
rather narrow, classes of problems.

2 Optimal members in one direction only (R-type
regions)

One possible optimal region for plane Michell trusses, termed
by Prager (1974) “R-type”, has the characteristics that at
any point of the plane there is a nonvanishing member in at
most one direction (principal direction I'). Considering prob-
lems with unequal permissible stresses (o, < 0'3') in com-
pression and tension, both Michell’s (1904) original optimal-
ity criteria and the corrected optimality conditions by Hemp
(1973) are valid if we have everywhere the adjoint principal
strains &1 | > 1), &l = —1/oy and —1/o5 < gl < 1/06".
The above statement is not restricted to statically determi-
nate support conditions. In general, the considered classes of
layouts consist of R-type regions.
Proof. Hemp’s (1973) relevant criteria

(for f < 0) €= —1/o5 , (forf=0)-1/oy <T<1/oF (1)

are clearly fulfilled by the above adjoint strains. However,
Michell’s (1904) less restrictive criteria

(forf<0) E=—k, (forf=0) —k<e<k (2)

are also clearly satisfied with k = 1/oy" > 1/ a(')*' .

Example. Consider a vertical line support and a point
load at 0 < 8 < 7/6 to the horizontal (Fig. 1a). Minimize
the truss weight for the stress constraint —1/3 <o < 1.

Assuming that the optimal layout consists of a single
member in the direction of the point load (Fig. 1b), Hemp’s
(1973) optimality criteria give

el =-1/05 = -3, (3)

*Struct. Optim. 12, 244-255

and kinematic admissibility requires €y = 0 in the vertical
direction if we assume a location-independent adjoint strain
tensor. The corresponding Mohr circle (Fig. 1¢) implies
el = 6/[1 - cos(x —28)] - 3. (4)
For the range 8 = [0, #/6], 711 takes on his highest value
for f = =/6, which is #17 = 1. The smallest value of £/ is
zero for 8 = 0. This means that for all considered values of §
we have 0 < &1 <1/ 0'6}' and hence Hemp’s inequality condi-
tion in (1) is satisfied. However, the same adjoint strain field
also fulfills Michell’s less strict condition (2). Therefore, for
this problem the latter would also yield the correct solution.
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Fig. 1. Examples of layout problems for which Michell’s original
criteria are valid

3 Support conditions for which a uniform dilatation
is kinematically admissible

Since Maxwell’s theorem is based on a virtual displacement
field which is a uniform dilatation, Michell’s original criteria
can be used for any support conditions that admit such dis-
placements. As an example, a system of supports is shown
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in Fig. 1d, which also indicates two point loads in the hori-
zontal and vertical directions. Hemp's criteria would give for
this problem ¢! = -1/, el = 1/0'3' and Michell’s cri-
teria ¢/ = —k, ¢!l = k. Both are kinematically admissible
and result in the optimal layout in Fig. le. Note that in this
case the reactions are not layout-independent, because the
(nonoptimal) layout in Fig. 1f, for example, gives different
vertical reactions from the one in Fig. le.

4 Conclusions

Whilst Michell’s (1904) original optimality criteria give the
correct optimal solutions for some narrow classes of problems
with 0'(')" # 0y, in the great majority of classes it is neces-
sary to employ Hemp’s (1973) criteria, which have also been
confirmed and used in applications by the author.
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Corrigendum

On p. 245, in line 1, ‘a distance “a”’ should read ‘a distance “1”°.
The author is grateful to Prof. Raphael Haftka for pointing out
this error.



