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THEME

Composites.

SUMMARY

Recent results obtained in the modelling of intedt antra-laminar damages
with the SAMCEF finite element code are preseniéek progressive damage
models available in SAMCEF are the Cahan modelspécific model

available in SAMCEF can be used to study the psxive damage inside the
ply, accounting for fibres breaking, matrix craakiand fibre-matrix de-
cohesion. On the other hand, delamination canksssiudied with the
cohesive elements approach. These models are bagkd continuum damage
mechanics, and damage variables impacting theas$f of the ply or of the
interface are associated to the different failuogles. A new non local model
has been developed recently. It couples the twdskaf damages, meaning that
the transverse micro-cracking appearing insideties will influence the
initiation of delamination at the interface of ghiees. With this new model,
delamination occurs earlier in terms load levelatus closer to what is
observed in the physical tests.

In this paper, this new non local model is firsscéed. Since it includes
many parameters, a procedure for the parametetifidation is discussed. A
comparison of the solution obtained with the clealsiiamage models and the
new advanced formulation is then conducted.
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1. Intra-laminar damage modelling with SAM CEF

The damage model for an unidirectional ply is bamethe work done at
Cachan and presented in [1,2]. It is extended teetiee general 3D case in (1)
and is expressed in terms of the stresses. Threagkavariables are taken into
account. The first onel;;, manages the damage in the fibre direction; the
second onely,, collects the damage in the transverse directonyrring only

in traction), whiled;> can handle the damage in the shear directioreateip

the de-cohesion between the fibres and the maifhen the plane stress
assumption is not done, the damage can also acdlireiction 3. The
parametel, whose value is equal to 0 or 1, is then introduce
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As the strains can be determined by the derivatitae potential (1) with
respect to the stresses, the thermodynamic forcaseeYomputed as the
derivatives of the potential with respect to thendge variables;dThe

damages increase as the corresponding thermodyfamécincreases, as
illustrated in Figure 1, where Y =¥+ bpY 2. It is also noted thatgl= bsd;».

As soon as eithengor b is equal to 1, then,gor d;,, respectively, is set to

1: once the ply is broken in the transverse dioechiecause of too many cracks
in the matrix, the resistance to shear vanishespfiposite is also true.
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Figurel: Evolution of the damageswrt the thermodynamic forces.

For modelling the damage, several parameters thea to be identified: %o,
Y®1,, the expression of the non-linear part gfdi(VY), Y, Y%, (in traction
and compression)gland B. Besides the damage associated to the failure of
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the ply, permanent deformation is also observe@&nihe matrix is loaded
(Figure 2). The equations are given in (2), andodw@meters to identify are
Ro, B, yanda. Note that the effective stresses are used ipldsticity
criterion.
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R(p) =Ry + B (2

wNormal force(EL=1 C=1)

140,

M 120,
S

100,

;7 Elastic unload

/ PlaSthity

5,63 US, strain(El=1 (=2}

-0.0150

Figure2: Permanent deformation in the matrix of a[45/-45]; laminate

As reported in [1], all these parameters, as wetha elastic constants, can be
identified based on the tests results on threermifit laminates, that are
coupons with 0/90, 45/-45 and 67.5/-67.5 stackeggences. The test on the
0/90 allows to determine the properties in thedfibirection; the tests on the
45/-45 are used to identify the shear parametsraiedl as the parameters for
plasticity (except the parameter callglfinally, the tests results on the 67.5/-
67.5 can provide the coupling coefficients.

2. Inter-laminar damage modelling with SAM CEF

Delamination is modelled in SAMCEF with the coheselements approach
developed by Cachan, based on the work describd5h The
implementation was described in [3-6], and is tfeeeenot reported here in
details. The cohesive elements approach has beemuainly for the study of
stable crack propagation, to simulate either foBDENF or MMB tests. Here,
as an illustration of the SAMCEF capabilities, thestable propagation on an
ENF is presented (Figure 3). The initial crack kg such that an unstable
path will appear during the crack propagation, whidltresult in a snap-back
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in the reaction/displacement equilibrium curve.sTtinstable path is captured
thanks to a continuation approach in the solutioii® non-linear equations; n
this case the Riks method is used. Figure 4 shibgvequilibrium path and the
deformation of the ENF over time. It is clear ttfeg crack propagates quite
suddenly. This acceleration in the crack propagdgads to a sudden change
in the geometry of the specimen. At that time,ghap-back occurs.

Figure3: TheENF problem and the corresponding SAM CEF model
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Figure4: Resultsof the FE ssimulation
3:  Non-local approach: coupling inter and intra-laminar damages

Based on the work done at Cachan and describéd,ia hon-local approach
has been implemented in SAMCEF. In this approdehiransverse cracking
in the matrix will influence the resistance of theerface, and will therefore
initiate the delamination.
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Figure5:  Effect of thetransverse cracking on theinterface strength
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On one side, we have the diffuse damage, whicklaged to the evolution of
the damage before the limiting valugyand Y, are reached. On the other
side, transverse micro-cracking also evolves thindbg ply thickness.
Damagesd,,, d;, andd,s;are associated to the micro-cracking dengi(g).

d,3 depends on the damage dnd on the Poisson coefficiant. The
stiffnesses are now degraded according to:

Ep = ES (1-dyp)(1-dy)
Gz = G (1-dyo)(A-dyo)
Gp3 =G (1-dpg)(1—dy3)

The value op is obtained by solving equation (4).

dyp=dp(p)  dip=dpp(p)  dyz=dys(p) (3)
1/a
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Moreover, the value of the mean micro-cracking dgng influences the

strength of the interface in modes Il and Ill, apressed by (5) and (6). The
damage din the opening mode is obtained based on the sjoraling
thermodynamic force as in the uncoupled inter-lamnapproach. For a micro-
cracking density larger than a threshpldthe damage in the interface in
modes Il and Il takes the value qf d

|f p<ps: d” :dl +(1—d| )2aiﬁsin2[gj and d||| =d| +(1_d| )zaiﬁcosz[gj (5)

|f prS: d|| =d| =1 and d||| =d| =1 (6)
In practice , a delay effect avoids the numerioatabilities.

4: [|llustration

The static indentation of a composite plates ismered. In Figure 6, the
value of the damage at the interface of the plisemthe uncoupled approach
is used is given on the left. On the right, the dgevalues for delamination
when the coupling between inter and intra-laminadets is taken into
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account. As expected, when the coupled model ig, ke value of the inter-
laminar damage is larger.

\‘\‘2 \

Figure6: Thestaticindentation problem and the SAM CEF FE model

Figure7: Inter-laminar damage with and without the coupling

5: Conclusions

In this paper, the damage models available in SAM@G#Ere recalled, and the
parameters to identify were listed. A new non laoaldel was described. This
model makes a link between inter and intra-lamdsamnages. An application
illustrates the accuracy of the models, when theyuaed in a coupled and
uncoupled way.
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