
DISCUSSION 

Laminated Transversely Isotropic 
Cylindrical Shells1 

Z. ZUDANS.2 The authors are to be congratulated for con
sidering a problem of practical importance. While general 
assumptions and simplifications appear to be acceptable, the 
neglect of ax + <jg in equation (1) has no basis. This effects the 
transverse strain, and the expression after equation (6) should 
more appropriately read (misprint—bar missing over w) 

w(xiz) = £ ia°T - >• + <rg) dz {A) 

With this assumption the presented theory would be equivalent 
to that of plane stress with the consideration of transverse 
thermal strain and constant transverse shear. If the second 
term in equation (A) is neglected the interface pressure will be 
affected and conclusions drawn by authors may not be valid. 
Equation (7)3 of the paper together with equation (A) of the 
Discussion should read 

ez = acT - -c {ax + ag) 

which can also be expressed in terms of ex and eg. 

(B) 
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Will the authors please explain the assumptions upon which 
the derivation of equation (11a) is based? 

Authors' Closure 
Equation (6) results from the assumption that transverse 

normal strain will be produced by the transverse thermal ex
pansion and not be affected by elastic strains. The authors feel 
that this is a proper assumption for a shell theory consistent 
with transversely isotropic materials. I t is not unusual for the 
transverse thermal expansion to be much larger than the in-plane 
thermal expansion (i.e., acT » aT) of such materials. This 
holds particularly for pyrolytic graphite where the ratio of thermal 
expansion of the material in the "c" direction to that in the "a" 
direction varies approximately between 10 and 30. Therefore, 
although the transverse normal elastic strain is small, the corre
sponding thermal strain is not small and is comparable to the 
in-plane normal strains ex and eg. 

Equation 11 (a) is developed by a method of asymptotic in
tegration which is adequately described in the literature, e.g., [1] ,3 

and done in detail for shells of revolution of pyrolytic graphite-
type materials in [2]. Since the derivation is lengthy but straight
forward and the procedure adequately documented, only the 
results were given as equation 11 (a). 
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A Mathematical Programming Method for 
Design of Elastic Bodies in Contact1 

DENNIS O. BLACKKETTER.2 The authors formulate a complex 
and significant engineering problem such that it is easily under
stood and thus many may find the techniques to be useful. 

There are some sections of the paper where changes could re
sult in an improvement in the presentation. The relationship 
between equation (1) and equation (3) becomes clear only after 
considerable study; this relationship is important to the method 
of solution. There is an unfortunate choice of symbols for the 
strain energy—equation (7)—in that SE as used could be inter
preted to imply a matrix multiplication. I t seems a modifica
tion of the symbols used in equations (7)—(11) is in order. 

The formulation requires the development of influence co
efficients for a series of specific points for each of the bodies in 
contact. If there is a limitation of the usefulness of the formula
tion it would appear to be related to this requirement. In 
essence it will be necessary to obtain an elasticity solution, 
either exact or approximate, for a point load on each of the 
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bodies under consideration. This difficulty represents a con
siderable simplification relative to determining an elasticity 
solution for the two bodies in contact. In view of Saint Ve-
nant 's principle it may be possible to approximate the required 
influence coefficients, for both two and three-dimensional elastic 
bodies, with sufficient accuracy. 

The formulation is such that the region of contact must be 
determined by trial and error. The simplex algorithm used to 
obtain a solution to the governing equations, for determining the 
contact stress distribution, appears to be an efficient procedure. 

When this formulation is used to determine the optimum 
surface shape, i.e., the surface shape that results in a uniform 
contact stress, the solution method results in a considerable 
simplification relative to some optimization procedures. The 
fact that the surface shape must be defined by a second-order 
curve does not appear to be a serious limitation. 

In summary the paper presents a formulation and a computa
tional scheme which provide a practical method for determining 
contact stress distribution and for design of contact surface 
configurations. 

Authors' Closure 
The authors wish to thank Professor Blackketter for his com

ments, kind remarks, and clarifications of the symbols used in 
some of the equations. 
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