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Marchand and Duffy lesled lhin-walled sleellubes in a splil Hopkinson lorsion bar
at a nominal strain-rale of approximately 1600ls and could not delermine conclu-
sively whether a shear band initiating al a poinl in lhe lube propagaled around the
circumference in one direction or in both direclions. They estimated the speed of
propagation to be 520 m/s in the former case and 160 m/s in the latter. Here we
simulate their test numerically, and find that lhe shear band propagales in both
directions around the circumference of the lube. IVhen the tube is twisled at a
nominal strain-rate of 5000/s, the band speed varies from /80 m/s al the sile of the
initiation to approximalely /000 m/s at the nearly diamelrically opposite point. The
band speed increases ~'ilh an increase in the nominal Slrain-rate. The material defect
is modeled by assuming that a small region near lhe center of the tubular surface
is made of a material weaker than that of the resl 0.( lhe tube.
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two, increases with an increase in the nominal strain-rate. At
a nominal strain-rate of lOOOls, the band propagates in both
directions around the circumference, and its speed increases
from 40 mls at the site of initiation of the band to 260 mls
by the time it has traversed an angular distance of 150 deg.

2 Formulation of the Problem
We study dynamic, adiabatic thermomechanical deforma-

tions of a thin-walled tube go\erned by the following balance
laws of mass, linear momentum and internal energy written
in the spatial description.

p+pdi.v=O.
p V =di.a.

pe=rr(a D).
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where

I
D=2(grad"...(gradv)T), (4)

is the strain-rate tensor, p the mass density, v the present
velocity of a material particle, (J the Cauchy stress tensor, e
the specific internal energy, and a superimposed dot indicates
the material time derivative. In Eq. (3) we have neglected the
effect of heat conduction thus presuming that the deformations
are locally adiabatic. In vie". of the rather short time, of the
order of a millisecond, needed for the band -to form, this
assumption is reasonable except possibly fQr copper whose
the!"!l1al conductivity is greater than ten times that of steel.
Also during the late stages of the shear band developmcnt
when severe temperature gradients have developed, heat con-
duction probably plays a crucial role in determining the band
width. For the simple shearing problem, Batra and Kim (1991)
have shown that the band-width decreases with a decrease in
the value of the thernlal conductivity; however. no simple
relation exists between the band-width and the thermal con-


