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The aim of this paper is to propose a model of bonded interface including nonlocal damage and
unilateral conditions. The model is derived from the problem of a composite structure made by
two adherents and a thin adhesive. The adhesive is damaged at microscopic level and is sub-
jected to two regimes, one in traction and one in compression. The model of interface is derived
by matched asymptotic expansions. In this paper, two cases corresponding to the two regimes
are discussed. Moreover, this model can be considered as a model of contact with adhesion and
unilateral constraint. At the end of the paper, a simple numerical example is presented to show
the evolution of the model.

Keywords: Matched asymptotic expansions; nonlocal damage; soft imperfect interface.

1. Introduction

In recent years, scientists and engineers have been interested in the structural as-
sembly of materials, giving rise to the study of interfaces, in particular in presence of
damage between matrix and fibers. It is very important to control and to predict the
damage in the interface in order to propose models which are useful to design robust
and stable structures. Moreover, adhesive bonding technology is now widely
employed in engineering structural assembly and especially in aeronautics industry,
where the use of composite materials is necessary to lighten structures. For further
research on stratified composite materials and interface modeling, one can refer to,
e.g., Refs. 1-15. Due to the presence of the adhesive layer, adhesive bonding joints are
subjected to a complex state of stress with high stress concentrations and, conse-
quently, accurate analysis and modeling of adhesive materials and bonded joints are



required. Because the adhesive layer is often soft and usually very thin when com-
pared with the characteristic dimensions of the structure, a relatively large number of
elements in the thickness direction is necessary to achieve sufficiently accurate cal-
culations in standard existing finite element codes. This gives rise to a large number
of degrees of freedom and high simulation costs. To successfully deal with this dif-
ficulty, interphase’s modeling has to precede the computation of the numerical so-
lution. A classical modeling approach consists in describing the adhesive as a distinct
lower-dimensional continuum, i.e., a surface material. To obtain this surface mate-
rial, a classical methodology consists in the study of the convergence towards zero of
one or more small parameters (the thickness of the bond, its mechanical character-
istics, etc.) in the PDEs describing the equilibrium of the structure. Furthermore,
when the adhesive layer is cracked at the micro scale, it is possible to take into
account in the model as a damage parameter the local average length of the cracks.
The procedure adopted in this paper is a generalization of the study proposed in
Bonetti et al.'® In our analysis, two models of damaged composite structures have
been introduced. The first model, which is classical, is based on the study of two
adherents and an adhesive which is cracked at the microscopic level. The second
model which is an imperfect interface model has been derived by asymptotic analysis
from the first one. Moreover, the asymptotic analysis gives some justification to
adhesive contact models studied in Bonetti et al.'™'® In this paper, we are investi-
gating the damage in an adhesive at microscopic level, which allows the use of Phase
field theory. Therefore, in the light of literature the crack length given by Bonetti
et al.'® can be interpreted as a damage parameter and its limit as an intensity of
adhesion parameter Bonetti et al.'”'® In this paper, a more general approach is
proposed. The idea is to put forward a general methodology able to derive, in the
nonlocal case, adhesion models.

In this paper, a model of damaged isotropic composite materials with nonlocal
damage is studied. In this model, two adherents and an adhesive are considered. The
adhesive which is cracked at microscopic level is subjected by two regimes, one in
traction, in which the material is considered soft, and one in compression, in which
the bulk parameter is taken as hard. Moreover, the damage in adhesive is evolutive
and nonlocal. The interface model is derived from the first one by using the Matched
Asymptotic Expansions method (see Refs. 15, 19-25). A model of soft imperfect
interface (the interphase is replaced by an interface) with nonlocal damage and
unilateral conditions is obtained.

This paper is divided in three sections, in the first section, the damage model for a
composite structure is presented which includes two adherents and one adhesive. In
the second section, the asymptotic method is applied to derive the model of imperfect
interface. Furthermore, in the imperfect interface model, the damage effect is
obtained as nonlocal. It is also obtained that there is no penetration between
adherents. At the end of the paper, a simple one dimensional example is proposed to
show the behavior of the model.



2. The Mechanical Model

We consider a composite body made of three different materials, two elastic materials
which are known as adherents and the third one which is the adhesive and has a
nonlinear behavior. The adhesive is very thin in dimension as compared to the
adherents, which posses thickness € > 0, and is also called interphase. The body
occupies the total bounded smooth domain Q¢ € R3 and is assumed to be perfectly
bonded. We introduce an orthogonal frame of reference (O, e, ey, €3). Let (zq, 4, z3)
denote the position of a particle in the three dimensional frame. The center of the
interphase mid-plane denotes the origin of the frame of reference and zs-axis runs
perpendicular to the open bounded set S, where S = {(x, 2y, 23) € QF; 23 = 0} as
shown in Fig. 1 (left).

The domains of the adhesive, adherents, interfaces between adhesive and
adherents, respectively, are given below.

B = {(I171‘23SE3) € QF |‘T3| < %}7
05 = {(1’1’9027903) €O T3> %}7
SL = {(5517102,583) €O w3 = i%}

We apply some external force g on some part of surface boundary 0€2¢ of the domain
2° which is denoted by S;. One another part of the surface boundary 9€2* is denoted
by S,. We consider that S, has a strictly positive measure and a zero displacement
field. Moreover, both parts of surface boundary are disjoint, i.e., S,NS, = 0. Fur-
ther, it is also assumed that both parts, i.e., S; and S,, are located far away from the
adhesive or interphase. It is considered that body force f is acting on ¢\ B® only.
Moreover u¢ and o° denotes, respectively the displacement field and the Cauchy
stress tensor field. Under the small deformation assumption the strain tensor can be
written as e;; = 1 (u; + u5;), where “,” denotes partial derivative.
As we took adherents as elastic then the stress tensor can be written as

o5 = agren(u), (1)

Fig. 1. Assembled composite structure. Left: Initial. Right: Rescaled.



which is taken from the classical constitutive equation
0° = e (e(u)), (2)

where ¢* = La*e(u®) : e(u) denotes the free energy, and a* is the fourth-order
tensor of elasticity, which satisfies both classical positivity and symmetry conditions.

It is assumed in the following that the adhesive is damaged, i.e., its mechanical
parameters depend on a damage parameter noted y with y € [0,1]. The case y =1
corresponds to a safe material and the case y = 0 to a totally damaged material. For
example, using the Kachanov theory et al.,>?"!3 the damage parameter y can be
taken as O(1/1?), where [ is an averaged crack length. In addition, the material is
assumed to be isotropic. Therefore, in three dimension Hooke’s law can be written as

o= Ax)tr(e)ly + 2u(x)(e), (3)

where I, is the second-order identity tensor, A, i are the Lamé coefficients and “tr”
indicates trace of a second-order tensor.

In addition, the material has two regimes, one in traction, one in compression. In
traction, A and p depend on the adhesive thickness and in compression we assume
that only i depends on the thickness. For traction, we take A = e\, u = eu® and for
compression A = A\, u = eu®. Then, the two regimes in the adhesive are defined by

{omf =eX(x)tre(u®)ly + 2epl(x)e(us) if tre(us) >0, )
o = N (x)tre(u®) I, + 2ep’(x)e(u)  if tre(uf) <O0.

As in Frémond?® a pseudo-potential of dissipation ¢ is introduced. In this paper,
we suppose the following form for ¢:

B0 = 37X+ I (0 o)

where 7° > 0 is a viscosity parameter and /4 denotes the indicator function of the set
A, which says that I,(x) =0 if z € A and I(z) = +oo otherwise. The aim of the
indicator function I is to ensure that y must be negative, which gives the irreversible
evolution of damage, i.e., the damage parameter is monotonically decreasing from 1
to 0. Note that the material is chosen as rate-dependent.'®

The free energy related to the constitutive Eq. (4) is divided into two parts, one
concerning the strain and the other concerning the damage and is defined by

“(e(uf), x) = UF(e(uf), X) + ¥ (x),
P (eu), x) = 5 AT + 2(x)e(w )],
¥ (x) = —wx + %oflvxl2 + Lo (%), 6)
~ 1

=5 [EN () tre(u)” + 2ep’ (X)e(w)’] it tr(e(u?)) =0,

U (e(w), x) = % N OOt e(ws)? + 2ep” (x)e(u)?]if tr (e(uw?)) <0,



where w* is a positive parameter close to a cohesion parameter as Dupré’s energy,>*>
of is an interaction coefficient and V is the gradient operator. Moreover all three
parameters of,7° and w® are supposed inversely proportional to . In upcoming
section we will take o® =<, n° = g and w® = ¥, where 7, @ and w are positive para-
meters. Furthermore in Eq. (6), the indicator function I put physical constraint
which ensures that the damage parameter remains in the interval [0,1]. Moreover
with respect to the given pseudo-Potential (Eq. (5)) and the choice of 7* > 0 leads to
write the following evolution equations in the damage parameter x with two regimes.
It is observed that the choice of a nonsymmetric behavior in both traction and
compression is similar to the choice taken by Mielke et al.>® It will be shown that this
choice will certify in the limit problem to have unilateral constraint on the interface.
Using classical thermodynamic considerations, the evolution equation is

X = (w0 — ot Ax — 1[eXtre(u)? + 2ep° e(u)?]) - if tr(e(u?)) >0,
. ; ™
°x = (W — afAx — 3 A tre(us)? + 2epe(u)?]) - if tr(e(uf)) <0,

where A is Laplacian in space variable and ()_ is the negative part of a value.
Therefore, the equilibrium problem of the damaged composite body is given below,

ij,.j+f7j =0 in Qi,
oin; = g on S,
;=0 in B,
[[o5]] = 0 on 5%,
[uf]] =0 on 5%,
u§ =0 on S,,
o= a?;hkehk(ug) in Q°,
0° = eXtre(u®) o + 2eple(u) if tre(uf) > 0 in B,
¢ = AMtre(uf) I + 2eple(uf) if tre(uf) <0 in B,
X = (o + Ay — LA tre(w)? + 2epe(w)?])_ if tre(us) >0 in B,
X = (W +afAx — L[N tre(w)? + 2epfe(uw)?])_  if tre(u®) <0 in B,
x € 0,1] in B,
xX<0 in B°.

In Eq. (8) the symbol [[]] denotes the jump of a function ¢ across S i.e p((+e/2)*)—
©((£e/2)T), where p(a™) = lim,_, ,~.(x) and @(a™) = lim, ., ,,¢(x)

3. Asymptotic Method

In this section, we are interested to derive a model of interface for the composite
made by the adhesive and the adherents by using asymptotic methods from the



system of equations Eq. (8). For more detail, one can refer to Refs. 30-37 and
references therein. The idea is to replace the interphase by an interface. The following
asymptotic expansions in both u¢ and ¢° are defined:

{uf =u’ +eu! + o(e), (9)
o0° =o' +eol +o(e).

3.1. Rescaling

Let us bring change of variable in model given in Eq. (8) by using the idea of
Ciarlet.”” Complete illustration for such change of variable is shown in Fig. 1 (right).
At first stage, we will bring change of variable (rescaling) in the adhesive, if
(1,29, 23) € B° then (21, 29, z3) € B such that z; = xy, 2y = 75 and z3 = “. Further
change in displacement field and strain can, respectively, be expressed as u(z1, ,,
x3) = (21, 29, 23) and o°(xy, Ty, T3) = (21, 29, 23), Where B = {(z1,29,23) € Q:
|z3| < £} which indicates the domain of the interphase after the change of variable. In
the adherents the change of variable (translation) is given as if (z1, zo, 3) € Q5 then
(21,29, 23) € Q. such that (2,29, 23) = (z1, 29,23 £1(1 —€)), where “+” sign is
applied for 2, and “—” sign is applied for {1_. Further change in displacement field
and strain can be, respectively, expressed as u®(xi, s, x3) = U(21,29,23) and
0°(x1, @y, x3) = 0°(21, 29, 23), Where Qu = {(2y, 29, 23) € Q: £23 > 1} indicates the
domain of adherents after change of variables. As the loadings are acting on the
adherents only therefore, they are independent of ¢, i.e., the change of variable does
not affect them, therefore, f (2, 29, 23) = f(21, T2, x3) and §(zy, 29, 23) = g(x1, 9, T3).

Relatlons among the derivative of the rescaling are z-= 621 320 = a‘—zz and
023 =120 ;- Moreover, the system of Eq. (8) rescaled can be written as
a5, +fi=0 in Q,
&fjn/ =i on Sga
Gij=0 in B,
033 =033 on S,
u; = i on S,
u; =0 on Suv
03 —aihkéhk( ?) in Q,
oe = e (x)tr e(a) I, + 2eu’(x)e(a°) if tré(4°) > 0 in B,
oe = N(x)tr e(af) I, + 2ep0 () (@) if tré(4) <0 in B,
fex = (e — asAx — L[eOtre(@9)? + 2ep’ e(@)?])_ if tré(a) > 0 in B,
fex = (e — aeAx — S\ tre(a0)? + 2ep’ e(e0)?]) . if tré(@F) < 0 in B,
X €[0,1] in B,
x < in B,

(10)



where © and ~ denotes, respectively the change of variable in adherents and adhesive
and Si = {(z1, 22, 23) € Q: 23 = +1} indicates the interface between B and ..

Asymptotic expansion of displacement field and stress field, after rescaling can be
written as

3.2. Asymptotic expansion for equilibrium model for adherents

In a similar way as done by Bonetti et al.,'® we substitute asymptotic expansion
Eq. (11) in first, second, sixth and seventh equation of Eq. (10) and obtain at first-
order (power 0) the problem given below,

C_T?j,j + f,‘ =0 in in

-0 _ |

75n = g o2 Sa (12
u; =0 on S,

0 _ o (Z0y -
oij = agneni(u’) in Q.

At this level, we have to find conditions on the internal interface S to close the
problem.

3.3. Asymptotic expansion for equilibrium equation for adhesive
In the same way, substituting asymptotic expansions Eq. (11) in the third equation
of Eq. (10), we can get o(e~!)-problem,

G55 =0. (13)
It shows that the stress vector &% does not depend on z; then, Eq. (13) can be
written as

6% =0, (14)
where symbol [] is defined as, [f] = f(z1, 22,3) — f(21, 22, — 3), i.e., it indicates the

jumps between z3 = —4—% and z3 = — % Strain field in the adhesive with respect to the
choice of Rizzoni et al.?” is used as

i) =c e + &+ e +ofe), (15)
where
é‘731 = ﬁg,{’n
ey = %ﬂﬁg for b=1,2 (16)



The trace of the strain in the adhesive is remarked as,

tré(@F) = et ag, + (A1 + 492 + i33) + 0(e). (17)
Thus,
i35 <0 (18)
and
@, +

(19)
Substituting Eq. (11) in eighth equation of Eq. (10), and collecting (power-0) gives
o(1)-problem,

G5 = A (X)ag36:5 + 20 (x) e fori=1,2,3,

(20)
where 6; 5 is the Kronecker symbol. Moreover integrating Eq. (20) along 23, we have

{&23 = (10(x)).[00) forb=1,2,

Gy = (M) + 206°00). a3

21
3], ( )

For example,

| and (000 + 20000, = [

~1
T dm
5 A°(><)+2uv(><)} .
~0
3= MO(X)ﬁgg- Then ﬁ,?g — 91

o
obtained Eq. (21).

el and by integrating along 23, it is

Equation (21) is the classical equation for soft interface for traction, i.e., when
[ag] > 0.

For compression, substituting Eq. (11) in the ninth equation of Eq. (10) (order
o(e71)), it is obtained,

0= )\1 (X)ﬁg,ih

if 435 < 0. (22)
In other words, due to the positivity of A,
’&3"3 == 07 lf ’&3’3 S 0 (23)
If 433 being independent of 23, then the jump can be written as
[a5] =0, if [d5] <0 (24)
and
G =N 0001 + 495 + 33) <0 (25)
or
69 <0



Equation (24) shows that in compression there is no jump on the interface in the
third direction and Eq. (25) indicates that in the compression case the third com-
ponent of the stress vector is negative along the interface (no adhesion).

In this paper we denote Ayx = Xx 11 + X 22, the Laplacian in the plane (z;,z2).
Substituting Eq. (11) in the ninth equation of the Eq. (10), and collecting the same
powers (power-3) and (power-1), respectively gives

X33 =0 (27)

and

. (A% () + 26 () (a53)* — = 0O{ (a1 5)* + (@3.3)2}> K

ﬁx=(@—m2x—2

Similarly (for compression) substituting Eq. (11) in tenth equation of the Eq. (10)
and collecting the same powers (power-3), (power-2) and (power-1), receptively gives
following results:

X33 =0, (29)
1 R
0=~ AL (0 (id)? (30)
or
W5 =0 (31)
and
e 1 . 1, N
i =0 —a-18x — (%) {§(U?.3)2 +5 (i2s)° + (ug,g)Z}- (32)

Substituting Eq. (31) in Eq. (32), we get
iy ~ L S0 N2 L (a0 N2
nx=|w—adx — §N,X(X){(U1,3) + (i23)°} ) - (33)

3.3.1. Case 1: x does not depend on z3 and therefore, x 3 = 0.

Equations (27) and (29) indicates that along z3 Laplacian component is equal to zero
in both traction and compression. Further in this case we assumed x 3 = 0, inte-
grating Eq. (27) or Eq. (29) two times along z3 gives,

X = c. (34)

Further as we took negative evolution of damage, i.e., x never increases and in this
case as x does not depend on z3, therefore, we can write, (u%(x)). = u°(x) and
A(x) + 2u°(x)) . = A°(x) + 2u°(x), then integrating Eqgs. (28) and (33) along z; by
considering Eq. (21) in two steps we obtain the equation of motion in traction and



compression, respectively as follows:

i = (- ado - 5 000 + 2% C0HasL [

1

- SO + 008 ) i f] > 0. (35)

.. N 1 07 T 07 e
= (& - adox - Ul + Ba5)) il <o (30)
3.3.2. Case 2: x depends on z3 and x 3 # 0

As in this case we suppose that x 3 # 0 then by integrating Eq. (27) or Eq. (29) two
times along z3 gives

X = €123 + Cy, (37)

where ¢y, ¢y are constants of integration. Eq. (37) can also be written as
X = Iz + (X)), (38)
where ¢ = x(21,%2,3) = X(21, 2,5 = [x] and ¢, = 22IE2T) — ((4)). We

denote (.) = fi()dZ?’ Integrating Eq. (38) for <% to £ along z3 gives,

00 = [ “xdzy = (). (39)

2

By substituting Eq. (20) in Eq. (28) and in Eq. (32), equilibrium equation in traction
and compression, respectively reads as

=0 ahox {A;%E’S — fx(g) botits - 5 {2 %&‘; botiits
m=o-adp- 3 {Ea0botan Ll haa,
Again substituting Eq. (20) in Egs. (40) and (41) we can get following equations:
= &~ abox - { a%&;:; 5}%&1 }&23&23 -2 {ﬁ%}&%&%
2{itor )t "
esman b o

10



Integrating Eq. (42), which is the equation of motion in traction, along z3, and using
Eq. (21) gives,

0 0
0 = = a8a) — 5 ( G IR0 (300 + 20000 o)

_l H?X(X) 0 20401 14,0 H?X(X) 0 27501 15,0
2{<(MO(X>)Q><M GO 21l 1]+<(MO(X))2><M (o) (8] 2]}. (44)

In order to simplify last expression, we introduce two results.

Lemma 1. Let F € C'([0,1];R), let G € C°([-1/2,1/2];[0,1]) such that G(z3) =
azz +b then (F(G)) = (F}(G)) and (F(G)), = (F¢(G)).

Proof.

(Fa(@) = (F'(az3 + b)) = —(F(a/2+b) — F(=a/2+ 1)),

Q= Q|

(Fp(G)) = (F'(azz +b)) =

(F(G)), — (i ((/F) (a/2 +b) — (/F)(—a/ﬂb)))b

_ é(F(a/Z +b) — F(—a/2+b)).

(F(a/24b) — F(—a/2 +b)),

O

Lemma 2. Let F € C1([0,1];R), let G € C°([-1/2,1/2];[0,1]) such that G(z3) =

azs + b then (F(G)),, = (F (G)>3<%>

Proof. Using Lemma 1

(@Y. = (PO o) = (@ o). )

Using the last lemma, it is obtained for example O
0

B0 = WO L) (16)

Similarly, integrating Eq. (43) which is equation of motion in compression along
z3, and making the use of Eq. (21) result gives

0
00 =& = 4800 ~ 5 (L3 55 Y (o) Hatl

1/ 0(v)) 2891140
5 (LR Y (o as) ) (am)

11



Then by applying above lemmas, Eq. (44) and Eq. (47) can be re-read, receptively,

00 = (& - 88400 = 5 (000 + 2U00h. o a8 118

and

3.4. Matching

The assumption of perfect bonding between adherents and adhesive allows us to use
the matching relationship to their stress and displacement fields on the interface S,
and such matching can be obtain by substitution of Eqgs. (13) in fourth and fifth
equation of Eq. (10), we obtain the following relationships:

. 1 _ 1 €
0?3<2’17Z271|32) = U?3<21a22,1|:2> :0?3(21322;:t§> ~ 093(551@2»0) (50)

and

1 1
ﬂ?s <21,2’27i2) = ﬂ?:; <217223i2) = u?{’)('zlaz%i%) ~ U?:’)(zl,%aoi)- (51)

Finally, the following result is obtained:

o+ 1i=0 in Q,,
U%nj =9 on Sy,
“? =0 on S,
U?j = a%hkehk(uo) in Qg (52)
ales = K*((x)[u’] + pes on S,
p°[u§] =0,[ug] > 0,p° <0 on S,
n(x) = (0= adolx) — LK W] [u),)  on s,
where
(u'). 0 0
Ke=1 0 (). 0

12



and

{wh=aﬂu®H@W‘ﬁw%zm
W], = ([uf), (3,07 if [uY] < 0.

It is obtained a model of imperfect interface with damage evolution and unilateral
constraints (Signorini’s conditions). Note that “case 1”7 is a particular case of “case
2”. It should also be noted that the proposed formulation is in the context of quasi-
static problems. In the following, the variable “t” represents the pseudo-time.

4. Numerical Example

Consider an uniform one dimensional rod with negligible body force and with unit
cross sectional area. The rod is bonded with a glue on a left support and a traction f
is applied on the right of the rod along its cross section area as shown in Fig. 2.
The displacement field is governed by
f(t)

u(z) :T:E—i—um (53)

where F is the Young’s modulus and u is given by the following equation of interface
law:

o= f(t) = E*(x)uo, (54)

where E*() is the elastic modulus of the adhesive which is function of x. We are
going to analyse the damage behavior when time increases by assigning different
values to the elastic modulus. We recall that it is considered that x = 1 for safe
material and x = 0 when the bond is completely damaged and intermediate state

when x € [0, 1]. We choose some examples of E*() such that {ggé; _ (1). Let E*(x) =
EyF(x) and the damage rate which is given by

wi= (- 3 Eat0ud) - (55)

It is assumed that when w > 1 B (x)u{ then {X =! Let us study the behavior of
) =0

the damage when w < L E7 (x)uj. We use Eqgs. (54) and (55) and suppose f(t) =t

IRE2L.
=

Glue

Fig. 2. A simple rod with damaged interface on its left end.

13



Table 1. Value of the critical time for
various damage functions.

F(x) -1 ¥? X

Critical time ¢, 0.17 0.1  0.082

Note: Different function F'(x) gives dif-
ferent critical time

which indicates an increasing traction when time increases. For E*(x) = EyF(x)
critical time is obtained t; = %F (x), i.e.,if t < ¢, then bond is undamaged and if
t > t, then bond starts damaging. Further, suppose that F(x)=2Y—1, x2, x5,
n =1, Ey = 1, initial condition x(¢y) = x(0) = 1 and w = 0.01 then critical time for
these functions is given in Table 1.

Further using Explicit Euler scheme at At = 0.0005 through Matlab, complete
behavior of the interface is shown in Fig. 3 for ¢ € [0, 0.8].

All three curves in Fig. 3 show that as force increases in time, damage in the bond
increases and tends to zero (totally damaged interface). The damage evolution
depends strongly on the Young modulus dependence in the damage function.

For F(x) = x? let us see the relationship between the stress and the jump in the
displacements for various values of viscosity which is illustrated in Fig. 4 in time
t € [0,0.3]. We assume that before the critical time (0.1), i.e., when the stress and
jump of displacement are linear then slope in equal to 1(one). Moreover after the
critical time we assume w = 0.01001. Note that when 1 = 0 then y = . When 7 is

[uo]

T E (=2
’ E'=x® | |
E'=x®
09r i
=08
0.7r i
06 1
05 1 1 1 1 1 1 1
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Fig. 3. Evolution of damage.
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Fig. 4. Behaverial relationship between stress and jump of displacement for different values of viscosity.

positive we used Euler Explicit scheme to solve the differential equation. It is ob-
served a large dependence of the displacement /stress relationship on this coefficient.

5. Conclusion

By a technique of homogenization and using thermodynamics considerations at the
microscopic level we proposed nonlocal damaged mechanical model of composite
structure made by isotopic material. We derived imperfect interface model from the
damage mechanical model proposed initially by using the matching asymptotic
expansions method and considering perfect bonding conditions between the adher-
ents and the adhesive. Further, we discussed two cases according to dependency of
damage evolution along the interphase’s thickness. A model of imperfect interface
with damage evolution and non penetration condition is obtained. We gave a nu-
merical example to study qualitatively the evolutions of the model.

In the future, we intend to develop the model and implement it considering
uncertainties and nonlinearities in the materials (adhesive and adherents).
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