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The program was developed for fast and user-friendly homogenization using Mori-Tanaka
scheme, considering spherical inclusions, voids and spherical inclusions with coating. It also
evaluates deviatoric stress in the matrix (for unit macroscopic loading >.,, = 1), which can
be helpful in estimation of strength. If you encounter any problems or bugs when using the
program, please don’t hesitate and contact the author at nezerka.v@seznam.cz. The
author would like to thank his supervisor, Jan Zeman, PhD., who provided him with fruit-
ful consultations during the software development. This work was supported by the grant no.
DF11PO1OVV008.

1 Program Structure

The program is started using the file main.m in the main folder. The program structure is
following (see Fig.1):

e Input file processing script can be found in the folder "files” and the user needn’t open
this folder.

e The functions needed for a calculation can be found in the folder ”functions”.

e Folder "input” is of the biggest importance for the user, since all the input data should be
stored there. The program starts searching for the input files right in this folder.
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Figure 1: Program data structure

2 Input File Format

The input file must be in a format as in the sample file input_materials_1.m, Every phase is
characterized by several data, according to its type: matrix, coated inclusion, coating, uncoated
inclusion, and voids (see Fig.2).

3 Calculation of Effective Material Properties

The effective material properties are calculated according to Mori-Tanaka scheme. The in-
clusions can be spherical or spherical coated. The deviatoric stress in matrix can serve for
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impuat_neame = 'composite material 17

(% Impat parsmeters for individual phases

% matrix:
material=s(l) name = 'matrixz';
materials(l) code = 'matrix';

materials(l) . m = 4; % mass portion in the

wixture [kgl

materials(l) .rho = 1300; % density [kg/m™3]
materials(l) . E = ZO00et; % Toumg's modualus [Pal

materials(l) .rma = O.F5; % Poisson's ratio

% brick:
material=s(Z) name = 'coasted inclusion 1';
materials(Z) .code = 'coated';

[-1

material=s(z) . ID = 1; % it muast be in agreewment with a corresponding costirg

materials(Z) . m = 4; % mass portion in the

wixture [kgl

materials(Z) .rho = 1&600; % density [kog/m™3]
materials(z)  E = Z400et; % Toumg's modualus [Pal

materials(Z) na = 0.17; % Poisson'=s ratio

materials(Z) GC. frac = [0.063,0_125;
0O.125,0_EE;
O.Z5,0_5;
o.5,1;
1.2;

[-1]

Z,4]1*%1le-3; % grading ouwe - fractions (diawmster) [mm]

materials(Z)  GC. amouart = [&;
Z4;
45
&0;
=1

1E0]; % mamber of grains from each interwval (mass, wolume) [-]

waterials(Z).n in fraction = Z; % mamber of fractions within one fractionm interval

¥ sand:
materials(3) name = "tmcoated inclusion' ;
materials(3) .code = 'tmcoated’ ;

waterials(3) . m = 4; % mass portion in the

wixture [kgl

material=s(3) .rho = Z&600; % density [kg/m™3]
material=s(3) . E = 70000=&; % Toung's modalus [Pal

material=s(3) v = 0.17; % Poisson's ratio

% wolds:
materials(d) name = 'voids';
materialsid) code = 'voids';

wmaterials (4) wolime = 235; % wolume [%]

[-1

materials(d)  E = le-93; % Towng's modulus [Pal
materials(d) o = 0.z25; % Folisson's ratio [—]

¥ C-5-H gel:

materials (b)) name = 'coating of coabed inclusion'
materials (5 .code = 'coating';

materials(5) Il = 1; % it must be in agreement with a corresponding coated particle

material=s(5) .rho = Z000; % density [kEg/mw™3]
material=s(5) .E = ZE00026; % Toung's modalus [Pal

material=s(5) .ra = 0.E; % Poisson's racio
materials (51 thickness
waterials(5) .p_1i = Z0;

[-1

z0e-&; % thickness of coating [m]
percentage of inclusion consumed by coating when coatitng is creaced;

]
waterials(5).p_ m = &0; % percentage of matrix consumed by coating when coating iz created;
]

materials(5s) .p_wv = 30;

percentage of woids consumed by coating when coating is created;

Figure 2: Format of an input file



estimation of the material strength a and its derivation is based on the equality between average
energy density if expressed by microscopic and macroscopic quantities.

After opening the program, a user is asked to choose an input file. The program starts
searching in the folder “input”.

Homogenizator MT

Effective stiffnress estimation according to Mori-Tanaka scheme containing coated andfor
uncoated spherical inclusions and woids + calculaton of the deviatoric stress in matrix

choose an input file

(c) Yaclkay MeZerka, 2012

Figure 3: Main menu of the program

After the file is chosen, the program immediately calculates the effective stiffness, Poisson’s
ratio and deviatoric stress in the matrix (for unit macroscopic loading >, = 1).
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Homogenizator MT

Effective stiffnress estimation according to Mori-Tanaka scheme containing coated andfor
uncoated spherical inclusions and voids + calculaton of the deviatoric stress in matrix

input_materials_1.m

composite material 1

Effective stiffness, E = 1530 8423 MPa

Effective Poissaon' ratio, nu = 0.20083

deviataric stress in matrix, sigma_dey = 1.2103
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Figure 4: Input menu
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