MECHANIGCS OF MICRODEFECTED MATERIALS

v.%.Ppartcn and V .A.Buryachenko*

composites mechanioB.Thls is a multiparticle

effective field method(EFM),which based Oon

replacement of local external flelds,conta—
ining separate inclusion bY the effective £i—
e1d depending on the properties of the inclu-
sion under study and those surrounding it.
EFM of azveraging the random structures based

_ on the using of Green's function for the res—
pective problem.

A new general method has been developed in

GFNERAL RELATION
-
The paper discusses & macro domain W with a charac~
teristic tunction W containing & set X=(Vh,xk,wk),(k=
=1,..05N) of ellipsoids Vy with charaoteristio func-—

tions Vk ,cenfers Xy (that forms a Poisson set) ,semi-

axes a;(£=1,2,3) and aggregat of Euler angles W The

jocal equation for the material state that connects
stress tenzors o(x) and strain tensors e(x) is glven
in the form

0(x)=0(x)[8(x)~eT(x)] , (1)
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where C(x) is a fourth-order tensor for elastisity mo-

duli, ET(X) is a second-order tensor of stress-Iree
strains (also called mismatch strains) . In the matrix

w\v (V=ka;k=1,2....) the tensors C(x):C(O) , ST(X)z
_eT(®) gre assumed to be constant in each vk(k=1,2,.)
c(x)=c‘®l+c, (x)=c' s i®) eT (x)=eT @)+ (x)=¢] (V)4

+ET(k)(x).Substituting (1) in the equilibrium equation
v0=0, we obtain an integral equation (Buryachenko and
Lipanov (1),(2))

0 (x)=0%+ [T (x-y) O, (v)0 ()+€7 (y)- (<M 0>+<e > 1}y o (2)

where M1(y)=(C(°)+C§k))—1—M(03M(°)=(C(°))"1,at X€EV,,

P(x—y)=—c(°)*[IG(x—y)+va(x—y)c(o)], G —the Green ten-
sor of the Lam's equation of a homogeneous medium with
2n elastic modulus tensor C(O); 5-the delta function ,
I-the unit tensor, 0°=<o>.In (2) and below << iXy,
...,xn;xn+1,...xm>stand for the average and the condi-

tional average taken from the ansemble of a statis-
tically homogeneous ergodic field X ,on condition that

there are inclusions at the points L P and
x,,...,xn#xn+1,....xm;<.>k is the volume average 1NVO-—

lvingthe ellipsoid Vo

The effective parameters of M*,s*in the macromedi-
um state equation M*<o>=<s>—8*are defined by relations

*x_ . (0), p¥ *_, T o* .om g5=B" =g
M =M +BO' , £ =<€& >+BE ,(M,O)—BO.(C) 9 <M10>_BS ¥ (3)

where the tensor B; and B; are found from the soluti-
on of the elastic problem at ST(X)=O and of the ther-
moelastic problem at <0>=0 , respectively.

Let us introduce ¢(vm|xm;x{), which is a conditi-

onal distribution of the m-th inclusion in the domane
Vo at fixed inclusion in the domane V., 3 ¢(vm|xm:x,,

ceesX )=0 at value of x_ lying inside the domain
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. . . o (o)
vz?vm with the oharaoterlstlo functions Vm.

By way of conditional statistical avera ing ( with
tne help of various distribution functions %(vm\xm;x1,

...,xn)), the problem of evaluation of the effective

parameters of the medium ig reduced to an infinite
system of integral equations (n=1,2,.--)

1P SFRRETE Moy (4)

N
- X yr(x—yxvi<y><m,(y>o<y>+s?<y>\x,,...,x >dy = 0%+
1=1 1 k3

+ fr<x—y>{<m,(y)o(y>+s?<y>\y;x,,.,xn>—[<m,o>+<sf>1}ay

Tet us denote the right-hand member of the n-th
1ine of the gystem by the field.d(x),l_-"n,then each
inclusion vi(i=1,...,n) of the chosen fixed inclusions
is in nonhomogeneous rield (x6v£)

5,0=0®),, . o'y fr<x-y>vj<y>[m,(y)o(y)+s?(y>1dy 5)
RN

THE EFFECTIVE FIELD

Tet us apply the EFM (Buryachenko (3)) hypotheses:
H1) Each inclusion V., has an ellipsoidal form, 10Ca~

ted in the homogeneous tield O(x) and (xﬁvi,Vtzmesvt)
IT(X‘y)Vt(y)[M,(y)O(y)+8$(y)ldy= (6)

= <P(x—y)>t<M1(y)O(y)+s1(y)>i?i

H2) At some gufficiently pig n there occurs a closu-

re <6(x), 5 n+1>=<é(x)1 D where the right-
hand membeT of the equality does not contain the index
J#AL 1<j<n and xevj.

Due to 1inearity of problem , there axist constant
fourth and second-rank tensors Bt and Ci , such that

= _ _ (7)
<O(x)>t=Bt<O(X)>£+Ci’vt<M1(X)O(x)+g?(x)>:Rt<G(x)>1+FL'
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. .

— - - -1
where R‘=v‘<r(x)>:(B,—I), Fy=v, <[(x)>,C; .

THE EVALUATION OF C”, e’

System (5) can be solved by analytical methods, if

B(x) > = <o(x)> = const. (i=1,2) (8)
12 i i

Then from (4), taking account of (7), (8), we get the

expression for effective parameters

N N
M =4+ TRDN, D =R'TY R (9)
i=1 i=

N . '
'=CT(°)+ZY'FD, (10)
!,J=1‘J N

where ng is a calculated concentration of inhomogeneity, matrix Y_1

has elements (Y'l).J (i, j=1,...,N) in the form of submatrices (6%6)

N
-1 = - - . -_
;= s, R‘;§1T“‘(x‘ xq)2q1¢(vq|xq,x‘)dxq]

_RiI[le(xi-xJ)ZJ‘¢(vJlxj;xl)-Tl(xl-xJ)nJ]de

1

(z7), = 16”—(1-6“)T”(XJ‘X‘)R‘. (11)

Jji

- . -l -
Tn(xj—x‘) = (vjv‘) SIT(x y)VJ(x)Vl(y)dxdy

T,(x,~x ) = (V})"fr(x—x,)vi(x)dx

STRENGTH OF COMPOSITES

Estimated are the average-volume values of elastic stress-fields in
components

<> = B‘D‘<<r>, (i=1,2,...) (12)
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A study of more—compex phenomena ,such as strength
of composites ,however,requires a calculation of the
second moment (Parton and Buryaohenko(4))

o o>{=6M*/6M(°)(<c xc@ 2)/e, » 0=V (13)

In the case of composites with the stren%th proper-
ties of their components described bY strength ecriteria

_2(k) 4(R) _ . N
T(0)=I17 5770y S Hijmn 0 %mn =1 (B=1,..0500) (14)

the estimates (12), (13) justified the assumption of
macroostrength criterion

maz (2 ®’B,D, 0> + c;'n4(k)am*/am(k’[<o>x<o>]}=1,(15)

where ¥ % are the second—and fourth-rank tensors
of strength . In particular.for a composite with plane
spheroidal craoks(a1=a2»a3) in incompresible matrix
that satisfies strength criterion susu:k2 from (9)

D
(15) we shall obtain macrostrength criterion

10" (1,7 =5)% (16)
where
b*=gc(1—4480/375ﬂz)[(1—8480/375%2)(1—160/15%2)]—1 “17)

(k;)2=ki(1—4480/375wz)(1~8480/375%2)'1

(o=am(a')Pn/3, T,=<0>/3 > 1<, 748 57) .Relation (16)
obtained for additional assumptions thzlﬁ +(1-0 i)*

- ) N __ (o) _ (o)
*Tq{(x Xt’Rt and Tij(x{ XJ)— c(@/wvG(x, xj)C .
¢(VJ‘XJ;X¢)=(1”V1>DJ .

7o predict Jurable strength of materials with the
accumulated damages T (concentration of ellipsoidal po-—
res) allowed for ,it is suggested that use is made O
integrodifferential criterion of material durable

strength . TO reduce the bulk of computations We shall
analyze only & one~dimenional case of loading by & vari-

258



ECF 9 RELIABILITY AND STRUCTURAL INTEGRITY OF ADVANCED MATERIALS

aple load.lt is assumed
kinetics »f accumuilated
law

wx/dt=f1(a

tpat with the load unchanged the

damages ars deserived by Sungie

)

3)

p

, _, g
JIVE (R, i

where T is the temperature. The criterion proposed for

a changing load is
Qm)=f R (L5
where ©(£),A(g) are the

* . . v
g -effective stress determined by conditicn L

=I*(<0>).If it is futher
=p,(O,T)p2(%) , (o=const

inciding in mode (18), (1

pim)={Tlg(m)-g(£)1%p,

Yap O, L, (1)

increasing monotonous fenctions,
o) K
n' 0=

agsumed that H(t):ta, p(C,I, T
) with kinetic curves T=(h) ¢

iy
3) (wnen p%/azfz(c,f)) we receive

i

&) , gimy=fst, (£)at (20)

It is from the eriterion of (21) that well-known cri-

terias follow :

Baily's (@=1,p(0,E)=1/T(0, 1)) T(E)={g1 (3L, T(ENat

Iilyushin's (p(0)=0) W(%

)=fis T (t-trao" (1)

Moskvitin's (p(o)=0'*™,m=1) w(t):jgs;"m(t-g>do(g:’*m ,

where T - durability of 2 material ,Sr(t)sm"(c) - i3

an areverse function of a durability

REFE]
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