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Stress-Strain Analysis of Single Cubic Crystals and
Its Application to the Ordering of CuAu I. Paper II*

J.J. SLADE, S. WE1ssMANN, K. NARAJIMA** and M. HIRABAYASHI***

College of Engineering, Rutgers, The State University,
New Brunswick, New Jersey, U.S.A.

Abstract

A stress-strain analysis of single cubic crystals is developed which utilizes the
strain data supplied by the x-ray back-reflection divergent beam .method. The
principal strains and their directions are determined and from the principal
strains and the known elastic constants the complete stress-strain configuration is
obtained. Thus the maximum magnitude and the direction of the shearing strain
on a given set of crystallographic planes are obtained and the set of planes on which
the maximum value of the shearing maxima occurs is also determined. From a
knowledge of the stress-strain configuration, the sotred elastic energy of the crystal
is deduced;it can be partitioned into two components, that due to shearing strains
and that due to a mixture of normal and shearing strains.

The conditions under which the principal stress system coincides with the
principal strain system are also investigated. Furthermore, a number is construct-
ed that measures the distortion of the crystal in terms of the energy increments
associated with the elastic constants.

The stress-strain analysis applied to the ordering of a CuAu crystal at 125°C
corroborates quantitatively the qualitative results previously obtained by trans-
mission electron microscopy The dependence of stored elastic energy on annealing
time is determined and it is shown that the first maximum and decline are associ-
ated with the maximum and decline of coherency strains set up between the ordered
CuAu I nuclei and the disordered matrix. Upon increasing the annealing time,
twinning occurs to relieve the tetragonality strains introduced by the ordered CuAuI
domains. The second maximum is compounded by twinning on certain (110)
planes and delayed ordering on other (110) planes of the matrix. The subsequent
decline of the stored elastic energy is associated with twinning on all (110) planes.
The shearing stress necessary to initiate microtwinning does not exceed 7108
dyn/cm?2.
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