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1. Abstract

Based on statisticd thermodynamics the modd for solids with mesodeeds (microcracks and
microsheas) was developed. To confirm the self-similar nature of the plastic wave front theoreticd
study of relaxation mechanisms was caried out usng the conditutive modd of solid with
mesoddeds. Expeimental results and nunericd cdculationsfor plane shock wave propagation and
spdl failure are discussed.

2. Satistical mode

The developd statisticd modd of solid with mesoscopic defeds allowed the formulation of
phenomenologicd modd in terms of two independent variables - the defed densty tensor and
structural scding parameter and the simulation of shodk wave propagaion in the linkage with
structural relaxation phenomena[1,2]. It was established the link of the Hugonit elastic limit with
kingtics of structural transition (mathematicdly related to the defea densty tensor) in the structural
metastability areg tha has genedly themally-adivated charader. The development of plastic
front is described as the consquence of sdlf-condstent structural (orientation) transtion in
microshea ensemble that is realized dueto the kinetics of structural scding paameter.

Based on the statisticd theory [2] the mathematicd modd was proposd for plane shodk wave
propagation in metal. The mechanisms of plasticity, inducel by correlated behavior of microshea
ensembles, were studied [1,3] in the of internd structural variables — the defed densty tensor and
the structural scding parameter. The defed densty tensor (microshea inducel strain) was

introducel a the mean value pi = n{si) of “microscopic” shea tensor
1) S =1/2s(vl, +lv),

where v is unit vedor nomal to dlip plane of a microscopic shea; I is a unit vedor in the
diredion of shea; s is the shea intensdty, n is the microshea dendty. The statisticd theory
allowed usto establish the seandinternd variable for continuumwith mesod€eds — the structural
scding parameter 0 asdated with two charaderistic structural scdes: the mesodded nudei and
the distance between defeds. The plastic deformation is described in terms of mentioned variables
as the structural-scding transtion and corresponds to the scenaio of continuous orientation
trangtion in the microshea ensemble alongthe structural scaes.

Acoording to statisticd theory these trangtions are redized as the multiply metastability of
non-equilibrium freeenergy that for the uni-axial cese (&,, = €, p,, = P) is given by the following

nonlinea form
2 W= 7 _P ('12 +0.188p +0.507L0g(0.385+ 0.131p+ p?)) + zp,
Fo 20 "2 )

where F, isenergy scde, X - dimendonlessstress
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3. Results and discussons

Results of numericd cdculationsfor single shod in the Armco iron are presented in pagoers
[1,3]. It was shown that the sdlf-similarity of the plastic shodk-wave fronts in solids is the
conequeance of existence of two indgpendent mechanisms defining structural relaxation. These
mechanisms are related to the structural-scding transtion in terms of two indegpendent variables
(defed densty tensor and structural-scding parameter). The kinetics of these two charaderistic
variables (oder parameters) at the steady-state plastic wave fronts is redized in the self-criticdity
regime with generation of auto-solitary strain modes tha provides the self-similar scenaio of
relaxation on helarge range of structural scaes.

In present investigationsa setup for plate impad expeiment has been developad a Inditute of
ContinuousMedia Medhanics of Ural Branch of RAS to study dynamic fradure at strain rates up to
10° s*. Expeiments were caried out at a different impador velodty in order to investigate
dependency on loading conditions

The numericd simulation of plane shodk wave propagation was caried out to establish spdl
conditionsand to propog the mechanism of damage-fail ure trandtionsdescribed as a spedfic form
of self-organized criticdity in the ensemble of mesoscopic defeds — structural-scding transtion.
Charaderistic feaures of this trandtion are the generation of colledive modes in mesodded
enemble tha are responsble for damage locdizaion and transtion to failure. Colledive modes
have the nature of self-similar solution and describe the blow-up damage locdi zation kinetics with
charaderistic time (pe&-up time) on the set of spatia scdes. Mechanism of spdl falure can be
linked with resonance excitation of blow-up colledive modes and has the nature of ddayed failure
with the dday time corresponding to the pe&-time of the self-similar solution.
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