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DAWAGE ACCUINULATIOY ALD FRACTURE OF EFGINEERING

S ATRETATS SUBSRCTED TC TUTULS LOADTIHG

LATERIALS SUBCACTED TG TPULS LOADIRG
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e physico-rniechanical model of metallic
k=v8l1ll cylinders fracture under impuls
ing is propo~ed whick explzins the
onenon of multiple fracturing (fragmen-
ion) under high rates of straining. Here
is suprosed that fracture process is
controlled by damage volume concentration
and by the stress value and gracdient. Cor-~
esponding quantitative theory based on the
nuclestion theory of microfrecture origins
and on the kinetic dislocational approach
ig developed taking into account the stoc~
hastic nature of thre phenomenonr under con-
sideration., The "1gﬁr“uhr of fregrmentation
rarameters calculation is given.
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To utilize impesct znd pulse loading in metal working
technology (rlate forr1n§ and die forging, welding and
cutting, hardening, etc. Lnovledge broadening, as to
the materizl behaviour under various loading of this
vind, ic needed. I'cdern investigations of fracture pro-
i e"plos;ve lo2éed thick-v2ll cylinders seem to
ellent instrument in “hy°icc and mecharice of
3nd ttey play ern imrortant role in the deve-
met 1Work-hg tecrnologles.

ting insufiicient research in the above mentioned
tion, thie work considers thick-walled tube speci-
failure by pulse loading, which accounts for the
al bresking (c”u sking, fragrentatlon) of rigid bo-
under high rate deformation.

tries to avoid popular difficulties and
calculation of fragments distribution
rroceeding from initisl data according
and mechanical properties, including crack
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Let us choose a cylindrical thick-walled shell as
an object of investigation, which is loaded by inter-
nal pulse pressure.

On the basis of existing ideas in the field of me-
chanics of fracture let us describe the fundamental
statements of the physical model of fragments forma-
tion under the pulse loading., The elastic and plestic
wave while moving through the shell: a) contributes to
the growth of the available microdefects of materials;
b) forms new microdefects; c) changes the structure
and properties of material.

It should be noted, that the above described pic-
ture does not define concretely the kind of failure -
by break away or by shear, and defects are not only
proper cracks but also the places of localized shears
(strips of adiebatic shear), etc. The type of fragmen-
tation is not defined here, be it either connection of
the shear zones or break-away zones, or shear and
break-away zone. The paper deals only with the pheno-
menon of failure proper.

Thus, the marking out of the surface of failure ta-
kes place during the wave phase. Loading conditions
being similar, the marking out is influenced by:

a) initial structure of materials; b) ultimate strengtlt
and deformation properties alongside with properties
of failure resistance of the shell material; c)iegree
of initial presence of cefects in material; d) georme-
trical dimensions and mass of shell; e) properties of
loading medium, rate of detonation and mass in parti-
cular. This effect is manifested both in mass =2nd qua-
litative composition of fragments, and also in mecha-
nisms of failure and the form of the fragment prorer.

The development of damage into mscrofailure is con-
trolled by concentration of damage in the bulk of the
material and the stress level, The latter, through di-
minishing with the growth of cracks, remains, because
of the considerable loading medium gpare energy, more
than sufficient for growing up, simulteneous at that,
of the main fragment forming cracks. The further deve-
lopment of failures accompanied by growth and merging
of cracks, fragments formation should be considered as
a self-sustaining, self-organizing phenomenon similar
to transition under the static loading from stable to
unstable material failure.

Corresponding quantitative theory based on the nuc-
leation theory of microfracture origins and on the ki-
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netic dislocational approach is developed taking into
account the stochastic nature of the phenomenon. Some
equations and formulas are obtained for calculations
and prediction of materials fragmentation using mecha-
nical characteristics of metal, including fracture to-
ughness, specimen geometry, loading environment, and
parameters of the dynamical stress state of the solid.

The algorithm of fragmentation parameters calcula-
tion is given. Tt coneists of the calculation of
ctress-strain state of the specimen under given boun-
dery conditions, of determination of critical cracks
dimensions and orientations in dynemical stress fields.
The specific defects density is calculated taking into
sccount cracks growth rates and self-similarity condi-
tions of their evolution. This density is compared to
with the real defects density in solids, determined
experimentally when the defects substructure in defor-
med materials was examined. From such a comparison the
calculation is mede about materials fragmentation
quantities,

The results of the verification of the proposed mo-
del using publiched experimental data are presented in
Pigure.
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Pigure. Comparison of measured and calculated frag -
ment mass distributions for the steel cyliders
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