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The process of deformation of elastic bodies is described by the system of equations
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When taking into account the plastic deformation of a material, the system is replaced
by the variational inequality
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Downloads — 8631 ) U(t, z) — m-dimensional unknown vector—function, U — varied vector
. . A — symmetric positive definite matrix of coefficients under time derivatives
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I — convex and closed set, determined by the criterion of plasticity
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of granular materials
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In the problems of mechanics of granular media with plastic properties

a more general variational inequality takes place

Rheological schemes
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To make possible the constructing constitutive relationships of materials with different

resistance to tension and compression we have completed the rheological method

by a new element — rigid contact, which simulates an ideal granular material Vector—functions V' and U are related by the equations
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with rigid particles. V=cU+(l—q)U [ — EV - e
Granular medium | Porous medium

o U™ — projection of the vector of solution onto the given convex cone K, by means of which

T

different resistance of a material to tension and compression is described

¢ € (0, 1] — parameter of regularization of the model characterizing the ratio of elastic moduli
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in tension and compression
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— block 1 Components of the vector of solution
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In the model of elastic-plastic deformation

l U= (?)1,’02,0’11,0’22,0‘33,0‘12) — two-dimensional case
o
o U= (vl,vg,vg,011,022,033,023,013,012) — three-dimensional case
When taking into account the rotational degrees of freedom of particles in the microstructure
of a material in the Cosserat continuum model
U= (711,027011,022,033,012,0217603,m23,m32,m31,m13) — two-dimensional case
Mathematical model of a granular medium U = (U1,U2703,011,022,0337023,032,031,013,012,021,

Strain tensor g =g 4 gl gb Wi, wWo2,Ws, M11, M292, MM33, 1MM23, 1132, 1131, 113, 1MM12, m21> — three-dimensional case

v; — components of the velocity vector, w; — components of the angular velocity vector

The inequality of Haar and Karman
o;; — components of the stress tensor, m;; — components of the moment stress tensor
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( ) ( ) - ’ In the most general model of a granular medium with different resistance to tension and

compression, which takes into account rotation of the particles, the vector—function U contains
The Mises inequality (6 — o) : &P <0, o, 6€F components of v, s, w and n, and the vector—function V' is obtained from U by replacing
the components of tensors s and n (conditional stress and couple stress tensors) onto o and m

Equations of motion pv =V -0+ pg
Mathematical model of the Cosserat continuum

Kinematic equations  2¢ = Vv + (Vou)*

The set F of admissible variations is defined by the Mises yield condition. Complete system of equations consists of the equations of translational and rotational motion,

L the kinematic relationships and the constitutive laws
As a convex cone K of stresses, allowed by the strength criterion,

the Mises—Schleicher circular cone is used. pv=V-0+pg, jw=V-m—20"+7q
_ : AN=Vv+w, M=Vuw
Mathematical model of a porous medium ) o= A(6: A S +2 A" +2a Al

m=0(0: M*)d+2yM*+2nM*

Complete system of equations

po=V-o+f The conditions of hyperbolicity  3A+2u >0, u, a>0; 384+2yv>0, v, n>0
(s—=s):(a:5=Vuv) =0, 5, s€l Velocities of shock waves
1 .
bq:§(VU—|—V’U ), O':S—|—7TK(Q+QO> )\—|—21u Iu—|—@ 54-2/)/ ,)/_|_77
Cp: T) Cs = P , Cm = T) Co = T

vector v, tensors s and ¢ — unknown functions in this model
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Uniform distribution of computational load Lamb’s problem for two-layered medium

Blocky computational domain with curvilinear interfaces
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2 blocks, between 7 parallel processes

Grid and a quarter of
computational domain with
decomposition on processes

Level surfaces of the stress o11 (different time moments)

The elastic medium body consists of two heterogeneous layers, separated by curvilinear interface.
Upper layer is a compact ground, lower layer is a strong rock.

Decomposition of a medium body, consisting of

8 blocks, taking into account the symmetry of problem the computations are carried out only on a quarter of domain (2 blocks)
24 blocks, between 24 processes

Decomposition of a medium body, consisting of 72 processors: 64 — in upper block, 8 —in lower block, grid dimension for each processor is 50 x 50 x 50 nodes

12 blocks, between 4 processes

Lamb’s problem for a medium with rigid inclusion

Wave propagation in a loosened granular material

Cumulative interaction of signotons

Level surfaces of the stress oq1 (different time moments)

Numerical solution of 3D problem of waves propagation in inhomogeneously loosened medium.

A quarter of rectangular block that is dissected by two planes of symmetry along the vertical axis is presented.

The upper boundary is free of stresses, the lower one is a non-reflecting interface, at the lateral faces uniformly distributed
impulsive load acts. Due to the curvature of wavefronts a cumulative splash appears at the point of interaction.

Seismogram of the displacement u, Level surfaces of the stress 01

Computations were performed for a compact ground. The elastic medium body consists of two layers. Elasticity parameters of a compact ground are defined in upper layer and in part of lower layer,

) parameters of a strong rock are defined in remaining part of lower layer.

4 blocks, 68 processors: 64 — in a compact ground, 4 — in a strong rock, grid dimension for each processor is 50 x 50 x 50 nodes

Wave propagation in a porous material

L - - Natural resonance of the Cosserat medium
Cylindrical pipe expansion

Periodic loading:

level surfaces of angular velocity ws
for nonresonance frequency (left)
and resonance frequency (right)

%

Seismograms of incident waves:
impulsive loading (left) and
periodic loading (right)

Concentrated impulsive load (Lamb's problem): fields of radial stress

50 processors, 500 x 500 nodes

011 = —p;é(x) sin(2wvt)

synthetic polyurethane

mi2

64 processors =

x3
Xy

Periodic localized load: level curves of volumetric strain

mis = —q30(x) sin(2wvt
40 processors, 400 x 400 nodes 12 50(z) sin( )

v=15v, v=v,=1/T

Parallel program systems for the solution of two-dimensional
and three-dimensional elastic-plastic problems of
the dynamics of granular media

Parallel program systems for the solution of two-dimensional
and three-dimensional dynamic problems of
the Cosserat elasticity theory

Parallel program system for numerical modeling
of dynamic processes in multi-blocky media
on cluster systems

POCCHHCKAT WEIEPAIEA

POCCHECEAH ®ENEPAIES
Y ERm

n N

CBUJAETEJBCTBO
o rocyaapernennol perwcrpauin nporpau A1n SBM

Certificates of state registration

CBUJIETEJBCTBO CBUJIETEJIBCTBO
© rocyaapereumol perweTpauN HPOrpaNH 114 DBM ——rY]

© rocyaapeTaennon perncTpamM

CBUJAETEJBCTBO
i | ey 287
Ne 2012614823 - E N 2012614824

Certificates of state registration

CBUIETEJIBCTBO
o rocyaapeaennof perncrpunn mporpasus 11 SBM

"N'e 1"0126“13959 . "Mv;r;:2;:;&:gol T e wetat N 2016615178 C e rt i fi C a te Of Sta te reg i St ra t I O n

of computer programs
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of computer programs
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Programs: 2Dyn_ Granular, 3Dyn__ Granular

Programs: 2Dyn  Cosserat, 3Dyn Cosserat
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Program 2Dyn Blocks MPI

Comparison of numerical results in 2D case

Comparison of numerical results in 3D case

Numerical results for 2D Lamb’s problem on the normal action of a concentrated impulsive
load on the boundary of an elastic block (programs 2Dyn _ Granular and 2Dyn _ Cosserat)

Level curves of the normal stress o1y

homogeneous elastic medium

; . the Cosserat medium
(classical theory of elasticity)

10 processors, 1000 x 500 nodes

3D Lamb's problem (programs 3Dyn Granular and 3Dyn Cosserat)

Level surfaces of the normal stress o1

homogeneous elastic medium
(classical theory of elasticity)

the Cosserat medium

64 processors, 400 x 400 x 400 nodes




