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ABSTRACT

The paper presents models used to analyse the fracture pro-
cesses under dynamic loading at different stages. At the ac-
cumulation stage of scattered defects, damage is represented
as the nucleation, growth and coalescence processes of pores
or microcracks. Spallation phenomena in copper are analyzed,
and some peculiarities of micropore nucleation, growth and
coalescence processes are tackled. The applicability of the
Split Hopkinson Bar (SHB) method for determining the dynamic
cracking resistance of materials is assessed using the numer-
ical analysis. The problem of a double-layer plate perforat-
ed by a rigid penetrator is solved with analysing both the
dimage accumulation stage and the target debris dispersion
Stage.
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INTRODUCT ION

Experimental investigations on a variety of materials, such
as metals, rocks, polymers, showed that failure under dyvnam-
ic loading is a multistage process including nucleation, in
the region of minimum strength and maximum Stress, of numer-
ous microdefects (micropores, microcracks, adiabatic shear
bands), their growth, coalescence and, finally, cleavage and
disintegration of the material through the formation of one
or more macrocracks or through crushing. Depending on the
nature of the material and the loading conditions, the char-
acteristic times of crack formation and crushing may vary
and influence the total structure life. In anv case, some
finite time interval which depends on the stress-strain his-
tory is needed to complete rfailure. It i3 conventional to
divide this time interval into three Stages, namely, nuclea-
tion of microcracks, their coalescence into a macrocrack and
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bropagation of this

macrocrack.

Mechanisms of these Stages

are different and should be described using different appro-
aches. The first two stages are investigated us

the above

€ mechanics. The aim of the

present
problems for the materials

dynamic loading, including shock loading.

ing the con-
paper is to

Subjected to
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The results of the ana-

\ igs. 2 and 3, where time (t) is in micro-

seconds. The curves in Fig. 2 depict the variation of strains

in the transmitted, incident and reflected waves, respective-
ly. Fig. 3 illustrates the wave propagation dvnamics, showing

the longitudinal Stress history (the upper curve) and the

velocity history for the boints near the loaded ends. Init-

ially, the compressive stresses increase with the applied

load. Then, at about two run times of the wave along the rod,
the wave reflected from the end A arrives at thisg point, the

stresses become tensile and then drop to zero. Displacement

of' the points of the disc specimen begins when the wave rea-

ches the rod end A, When the compressive wave reaches the

end A, the reflected wave is a tensile one and the point

velocities approximately double (Fig.3). In some time the

wave, reaches the end B of the supporting bar and in several

runs of the wave, the point velecities of the end B become

equal to those of the disk specimen
as the changes of strains in the transmitted wave are conce-
rned, for ductile materials this pulse has a smeared profile,
and for the more brittle and rigid materials the profile is
steep, with a sharp fall. Such computations make it possible
to evaluate the longitudinal and transverse accelerations
due to the wedge motion and to consider the possibility of
determining the characteristic dynamic crack resistance of
materials using the Specimens that differ from the standard
compact specimen.

DEVELOPMENT OF MODELS AND ANALYSIS OF
SCATTERED DEFECT ACCUMULAT ION

The incubation stage of the defect accumulation may take a
considerable part of the total life, preceding the propaga-
tion stage of the main crack or disintegration of the body
to debris. The development of the notions describing failure
as the process of defect nucleation, growth and coalescence
{(Seaman et al., 1976) seems promising in describing this
stage. Based on this investigation, the Failure models acco-
unting for the pdre or microcrack nucleation, growth and co-
alescence were developed in the works of A, I. Rouzanov (1980,

o

our of the material accounting for the stress relaxation and
the changes in the mechanistic i

defect nucleation- and growth. The nucleation and growth pro-
cesses i i
ducing the distribution functions for micropores or micro-
cracks i i

319



Lo account for the failure processes up to the disintegrat-
ton of' the body into fragments. One of such methods is the

the porous media. Deformation of the 3 ials is
analysed taking account of the diSplacemSS{QU?Roﬂgggg;alfqgg Uinite difference scheme with the variable node connectivity.
1885). The description of the material behaviour with the To 1llustrate the implementation of the approach, the numer-

defects in the form of planar miorocracke 15 based on the ical analysis of the oblique impact of a rigid cylindrical

analysis of the uniformly distributed but differently ori- projectile (velocity of 6km/s) on a double-layer target (a
- plane strain problem) was carried out. Fig. 8 shows the sequ-

ented in the analysed volume, microcracks, includi 150~

tropy due to their nucleation and growth (ﬁgﬁzgngC? fgéls_ ence of the target perforation process. Initially, ‘high com

The description is 1llustrated by the analysis of the crack bressive stresses develop in the target. The longifudinal
C ¢ shock propagates through the target thickness and first rea-

nucleat;on, growth, and coalescence processes during the
planar impact of two copper plates with the impact velocity ches the back surface of the target. Then a tensile wave
or 186 m/s (Fig.4). The back surface of the targst plate is arises bringing about failure of the target, which results
packed by a material with a lower acoustic stiffness, PMMA in the formation of a debris cloud orienfed primarily in the
Such a configuration iz widely used in the experimental in- normal direction to the target. Meanwhile, the projectile
vestigations of the dynamic fracture. The results of the keeps mOVin% in the direction close to the impact direction,
analysis are shown in Figs.5 to 7 in comparison with the ex- which results in the formation of debris with the primary
berimental data ( Johnson, 1981). Fig.5 shows the histories velocity direction of about 45 . At about 15 microseconds
of the volume fraction of pores and also the stresses on the the projectile completely perforates the plate. Thus, the
3pall surface (the spall surface was taken to be the surface present approach makes it possible to describe the two stag-
< es of the scattered defect accumulation and also the disin-

of maximum damage. In Fig.8, the axis of abscissae measures
time, and the axis of ordinates shows the a;iéT stresgbggez tegration of the body into fragments.
Bﬁﬁﬂt ?52 m? away from tgebinterface between the copper and

5 Stress measure V a manganin gauge is designated
bv (2) and the numerical results gy (1)? %he wa;eaé% com- REFERENCES
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Fig.8. Perforation process.
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