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The dynamic stress-strain relation of aluminum was measured in compression to a stress of 22 kbar using 
plate impacts to induce uniaxial strain. The results were compared to a uniaxial strain curve constructed 
from elastic moduli and quasistatical1y determined stress-strain curves. The dynamically determined stress­
strain relation was not unique in that it varied as a function of the magnitude of the induced stress and was 
offset from the quasistatic curve. These small deviations are attributed to strain rate effects. The rate effects 
were further demonstrated by observing the transmission of an elastic compression stress wave in aluminum 
after the aluminum was dynamically stressed beyond the yield point and beld at constant strain for a period 
of approximately 2 I"sec. 

Tbe dynamic stress-s train relation was measured upon the release of a shock induced compressive stress 
of 10.5 kbar to a tension of -9 kbar by observing the effects of tensile stress waves. The deviation of the un­
loading stress-strain relation from that predicted hy simple elastic-plastic theory is attrihuted to straill 
rate and Bauschinger effects. 

INTRODUCTION 

T HE locus of states that can be attained by a solid 
when it is subjected to compressive shock load ing 

is referred to as the dYllamic stress-st rain relation. The 
model used to desc ribe the response of the medium to 
shock loading depends upon the magnitude of the in­
duced stress rclatiYC to the yield stress. In the high­
pressure region, \\'here the induceclstress greatly exceeds 
the stress which can be supported by the rigidity of 
the medium, a hydrodynamic model has been usecl. I- 3 

For the lower stress region, where rigicli ty efTects are 
not negligible, an elastic-plastic model has been 
assumecl.4,5 

Kearly all problems in which a knowledge of the 
loading behavior is important would be aided by a 
knowledge of the unloacli ng behavior of the material; 
i.e., the family of stress-s train paths followed during the 
release of stress from the various points on the loaeling 
curve. At present, however, only a few experiments have 
been reported which provide some insight into the form 
of the reverse-strain paths. Al'Tshuler et al.,6 have 
observed elastic release waves propagating in material 
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precompressed by a plane shock of the order of -100 kbar. 
Curran7 has observed substantial premat.ure attenua­
tion of a 200-kbar shock in aluminum by a following 
rarefaction wave which he attributed to an unexpect­
edly large ampl i tude elastic release wave preceding 
the plastic rarefaction wave. The magnitude of the 
elastic release indicates that rigidity efTects are prob­
ably more important at high pressures than formerly 
considered. In the low-pressure region, on ly one point, 
the residual strain point at zero iongitudinal stress, ha.­
been measured on the reverse strain path.s 

The results of our one-dimensional plate impact ex­
periments were llsed to deduce a complete dynamic 
stress-s train path for aluminum, and include the reverse 
straining from a compressive stress of 10.5 kbar into 
the tension region to the incipien t spall th resholcl 
(-9 kbar9), in order to further clarify the character­
istics of the rel ease paths from sLates of low plastic 
strain. In essence, the reverse strain path was obtained 
by observing the propagation characteristics of rare­
faction waves; i.e., by knowing an input wave shape at 
one point in the specimen and by observing the wave 
shape after a lapse of time. Since the rarefaction wave 
originates with the reflection of a compressive wave at 
a free boundary, an accurate determination of the com­
pressive wave shape, and hence the dynamic stress­
strain relation, was an important part of the study. The 
precision measuremen ts of the loading curves of alumi­
num up to 22 kbar clearly show the effects of a small 
strain rate sensitivity in one-dimensional strain shock 
loading. This behavior is discussed in some detail 
because of its own sugnificance. 

7 D. R. Curran, J. App!. Phys. 31, 2677 (1963). 
8 W. F. Hartman (unpublished) . 
9 B. M. Butcher, L. M. Barker, D. E. Munson, and C. D. 

Lundergan, Am. Inst. Aeron. :\ stron. J. (to be puhlished) . 

1203 

----


