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nificant law of nature and its implications in turbulence mod-
eling need to be further explored.
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Comment on ‘‘Stresses and Rate of
Twist in Single-Cell Thin-Walled
Beams with Anisotropic Walls’’

Wan T. Tsai*
Rockwell International, Downey, California

ASED upon thin-walled beam assumptions, the author

successfully obtained the interactive correlations between
deformations of stretching, twisting, and bending, and
applied loads of axial tension, torque, and bending moments
for beams of anisotropic materials. Although, the conclusions
were correct, the author appeared to be unaware of the earlier
publications of Reissner and Tsai.? and Tsai? In these publica-
tions, a general class of anisotropic material was considered by
using thin cylindrical shell theory. Closed-form solutions were
obtained and effects of cross-sectional contraction were dis-
cussed. Limitation of material properties in a particular form
and the assumption of neglecting the normal stress resultant
N, along the circumferential coordinate, as what were con-
sidered in the paper, were not required.

In discussing anisotropic thin-walled beams, the writer
would like to share with the readers an important property
that does not happen in isotropic beams nor can be determined
by using the classic beam assumptions. Specifically, it is
known that the stretching and bending rigidities of a beam re-
main unchanged between a closed cross section and the same
cross section with a longitudinal slit if the material is isotropic.
However, the rigidities may be significantly altered between
the above-mentioned cross sections if the material is aniso-
tropic. For orthotropically laminated thin-walled beams, the
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Fig. 1 Stress and moment resultants along circumferential coor-
dinate.

difference in rigidities between a closed cross section and the
same cross section with a longitudinal slit was illustrated by
Tsai* and Reissner and Tsai.> The contributing factor to the
rigidity change comes from contraction of the cross section.
Specifically, due to anisotropy (such as differential lamina
angles between layers) across the wall thickness, the shape of
the cross section tends to deform owing to contraction be-
tween layers. Such a potential shape change will be count-
erbalanced by the presence of normal stress resultant N,
shearing stress resultant Q;, and moment resultant M, as
shown in Fig. 1. When these resultants are neglected, as com-
monly assumed in classic beam theory, the cross section be-
comes free to deform. Accordingly, the rigidities between the
cases with and without neglected N;, Q,, and M, are signifi-
cantly different. For the particular class of laminated thin-
walled beam illustrated in Refs. 4 and 5, the rigidity of a
closed cross section is about twice that of the same cross sec-
tion with a longitudinal slit for an equivalent Poisson’s ratio
of 0.5. This reveals that 1) the commonly applied assumption
of neglecting N;, Q,, and M, for beams with isotropic material
may not be applicable to beams with anisotropic material, and
2) the use of classic-beam assumptions may not be able to de-
termine the correct beam rigidity; thin cylindrical shell theory
is suggested for use in the computation of thin-walled beam
rigidities if the material is anisotropic.
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