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What’s out there: Outline

-Really a little for random composites and their response;
-No investigations on the effects of past histories in non-virgin composites
(even conventional, not just random).
What can we do? Provide insights on both aspects above. How?
1) “Smart” choice of the polarization stress w.r.to the comparison solid
2) Ensemble average (up to two-point statistics) - Hashin & Shtrickman v.p.
Integral equation for the averaged actual polarization

Nonlocal stress-strain/state response

Second-gradient approximation

First consequences on the frequency dependence of the RVE size
And alot more....

What needs to be done? A lot of work!
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2 AN IMPORTANT REMARK OF DETERMINISTIC (LINEAR) VISCOELASTIC-
ITY

Stress o at a point X and at a time ¢ > 0:

t
ol ) = de. Dalk 1 + / G(x, ¢ — t) e(x, )t +T°(x, 1), 1)
0

where oo
I°(x,t) 1= / G(x,t+ s)e(x,s)ds. (2)
0

The former provides information about the state of the material at time ¢ > 0.
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RELAXATION TESTS 1
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Two tests could be compared under the same prescribed constant strain ey.
The first experiment could be done by imposing such a strain on a specimen extracted by a sample

of the given material.

In this first case:

a’(x,1)

\ .
M’ !
~ O l

L_—’L.(X/'> l

i
G(x,0)eq +/ G(x,t—t)dt eo +1°(x, )
0

G(x,t)e(0) +1°(x, 1), (3)
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3 RELAXATION TESTS II

Annealing occurs = virgin state i.e. I° = 0, hence:

ocBix,t) = G(x,t)e(0) (4)

which indeed would allow for the regular relaxation test, i.e. the determination of the relaxation
function for the annealed material.

I°(x,t) = e%(x, t) — e (x, 1)

I°(x, t) is the State Variable
Lie
the relaxing residual stress induced by past histories experienced at z, whenever e(x,0) = 0.



GAM 08 -Genova, Febr. 29-March 1, 2008.
Deterministic composites

1) Actual Polarization Stress

T(X,1) := B(X,t) — o(x,1), (10)
E -
5(x,) = G(x,0)e(x, ) +/ G(x, t— ') e(x, ¢)dY, (1)
0
So(x,8) 1= Go(0)e(x, ) + / “Golt — t)e(x, )t 12)
]

2) Equivalent Expressions for the Stress

o(x,t) = Tox,t)+Px,t) +I(x,1)

= Fo(x,8) + T(x,8) + I°(x, 8);

this decomposition “does not feel”
the state of the comparison solid
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Ensemble average (up to two-point statistics) - Hashin & Shtrickman v.p.
Integral equation for the averaged actual polarization-
Nonlocal stress-strain/state response -Second-gradient approximation
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where
'i"mkg (0 W) " 5
I7] = Al(w)dijdkldmn + Ag (W)(dikdﬂ -+ 6ildjk)5mn
+  Ag(w) (6 (OxmBin + Sxnbim) + (Simbin + 6:n05m)dk1)
+ Ag(w) (G mOun + n0tm) + 041 (8 jmn + djnkm)
+ Ot (65201 + 0510kn) + 650 (65501 + 0510km)), (60
f+ h{r)rdr.
[sotropic statistics and isotropic phases.
Choose the matrix as a comparison solid
Go = Go
then
X 4 3h(w) + plw) 1 35(w) + 8iu(w)
A = 3 A — T 4Qr » o )
1) = 05 a) A T @) 2% = T B M) GRE) + 486
" 1 3r(w) + lw) 5 3 36(w) + 8i(w)
A = —— , A = - . - 61
W) = e ) Y T IO RERe) T aEE)

where #{w), f(w), bulk and shear-like complex moduli.



Frequency dependence of the RVE size

Example: Single relaxation type matrix with voids
1) The effect of the residual stress on the RVE
- o N ,2/ - X
’ ‘ (L X1
TS (W) = viwysn M2 e &e)
—_— -~ /\/
— L1

Plot[ {LL11star\OIDS[x, 0.25, 0.2], L1 11star\OIDS[x, 0.25, 0.1], LU 11star\OIDS[x, 0.25, 0.05]} , {X, O, 50}]
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1) The effect of the actual strain process on the RVE

In[5]:=
Plot[{In2a[.25, 0.2, x], In2a[.125, 0.2, X1, In2a[.0625, 0.2, x], In2a[.0313, 0.2, X1}, {X, 0, 40}]
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out[s]= - Graphics -

For single time relaxation materials there are two competivive effects
What about more realistic materials (Power law relaxation functions)?
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Supplementary material
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TARGET: T(X,w) the TFT of the actual polarization

Balance of I.m.

Div(Colw) e(x,w)) + f(x,w) + Div(F(x,w) + I°(x,w)) = 0.

where Yo(x,w) = Co(w) e(x,w) is the TFT of (12).

..... we need the one of the random medium though.....
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An equation for 7(X,w) comes from balance of I.m.:

0 (x, )~ 4 (%, ) + / o (x — X!, w)F (!, w)dx! = 8o (X, w) + &(x,w)
RS

where
E(X,w) := —/ Do(x — x',w)I° (X, w)dx’
RS

82(Go (%, ))jm
dz;01;

@Oijki (w) i 6km6(x) =0

and

. 1 82(Go)jn(x,@)
PO(X’w)::_Z% ijaxk ei@e;+e;0e) @ (en@er +ex@en),

which is meant to hold in the sense of distributions (see e.g. [9]).
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Probabilistic framework

Substituting the trial field for 7 and (40) into (28) yield ey (x,w):

eo(x,w) =< e > (X,w)— < &> (x,w) + ch/ To(x — X, w)f o (x’,w)dx’ (41)
F=1: R#

T

<E> Xw) = chés(x,w)

s=1

Eo(x,w) = — fR 3 Io(x — x',w)I%(x, w)dx’. 42)

Following [4], the functional (34) in &, (o, w) may now be written making use of (38), (40) and (37)1
into (34) and then taking the ensemble average to get

Fi"

H{#r (o) bi=1,2,000) = > o [ {Frlx,w) - (C) 7 W)t (x,0)

g
=1 | R

~ 2B w) -} /R To(x — )i K, )Py (x — X)lx']}

+ ¥ /R Frlxw) ( /R 3 fo<x—x’,w>-"rs<x,w)m(x_xf>dxf> i

poe=1

(43

after setting ) ) )
Cow) 1= C.(w) — Cy(w). (44)



A BRIEF REVIEW OF RANDOM COMPOSITES!

If, at the given w, the rth phase is homogeneous with complex moduli @T (), r=1, 2, .om

= (C(x w; a) the moduli at x in the a*® sample, and its ensemble average, are

C(x,w; a) Z@T(w)xr(x a) = < Cx,w) >= Z(C VP (x). (37)

Ansatz : N
T(X,w;a) 1= Z‘?’T(X,w)xr(}(; a), (38)

p=1

7,(x,w) is the TFT of T when the r*® phase is found at x at the w.

Take .
I° (X, w; ) 1= Zig(x,w))@(x; a); (39)
r=1
:}’ i
e(x,w; ) == — Z/ To(x — x', )I%(x/, w)x, (x; @)dx’ (40)
p=il: R®
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For this case we may follow the reasoning of [10] (see also [4], p.503 relation (22)) where it is
shown that

Prs(x —xX') — crce = 0p(0ps — €)X — X) (50)

h is the two-point correlation function.

= (47) becomes:

2
e (€0 W) Fo (0, w) + 3 e m—cs)/ Pl — & i e
s=1 RS

2
— o <&> (Ew) = Y erldns —cs) | Tx—x,w)i (x,w)hdx’
s=1 R#
=T I (S (1)
where i X
YT(x —x',w) :=Te(x —x',w)h(x —x).
After SFT we get:
2 ~ ~
Poltiia) = ¥ aTa{bw) X ( <e> (w Z(a P H (X% )) = 1,9 &9
=1l

In the x — w domain this is fully nonlocal and has two (potentially competitive) contributions



Frequency dependence of the RVE size
Example: Single relaxation type matrix with voids
1) The effect of the residual stress on the RVE

o 2 LX)
<I> (,%\("D = A//w\ Sw —— §|®€’
— I

CHANGING CONCENTRATION OF VOIDS - LOWERTNG TOWARDS THE "DILUTE CASE"

Plot [ {LLl1lstarVOoIDS[x, 0.25, 0.2], LLllstarVOoIDS[x, 0.25, 0.1],
LLllstarVOIDS[x, 0.25, 0.05]} , {=x, 0, 1}]

oo

S.er

- Graphics -

at lower frequencies (i.e. ategquilibrium-i.e. for "slow residual stresses")

the effect of lowering the concentration of voids is to lower the

importance of the nonleocal effect, i.e. to lower the RBVE size.
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Flot[{LLllstarVOoIDS[x, 0.25, 0.2], LLl1lstarVOIDS[x, 0.25, 0.1].,
LLl1lstarVOIDS[x, 0.25, 0.05]} , {=x, 0, 5000}]
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Here is the situation at high

frequencies @ in this case the RVE size decreases as the concentration of voids does.
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