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ABSTRACT

In this paper, we propose to study the simple case of the
laminated composite plates, the criteria of rupture are applied
to the various layers taken individually. Indeed, the resistance
of a laminated structure is primarily based on the individual
resistance of each layer.

When the requests increase, we observe successive ruptures of
the layers and this of the first rupture of the first layer until the
rupture of the last layer which coincides with the final rupture
of the structure.We noted that the constraints are calculated by
the Sinus model of the plates, developed by the finite element
method. The results which we obtained by our calculations
with the results of reference do not show significant
differences which have the advantage of the facility of
handling compared to the numerical method of the finite
elements.
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1. INTRODUCTION

The characterization of the resistance of the composites, and
in particular laminated plates, requires determination of the
constraints responsible for their damages within the
framework of the criteria of ruptures based on the assumption
of the homogeneity of the medium, at least finside the layers
of the laminate.

Indeed, criteria of frupture are the support of calculations of
the structures. They can be applied formally to the various
states of definitions of the limiting resistance of the studied
composite structures.

In the case of the laminated composite plates, the criteria of
rupture are applied to the various layers taken individually.

Indeed, the resistance of a laminated structure is primarily
based on the individual resistance of each layer.

When the requests increase, one observes successive ruptures
of the layers and this of the first rupture of the first layer until
the rupture of the last layer which coincides with the final
rupture of the structure.

It is obvious that with each rupture of layer the behavior
mechanics global of the laminate are modified and its rigidity
decreases. It is significant to note that the beginning of the
damage of each layer depends its thickness and on the
orientation of fibres in this layer compared to the load applied.

As an example, in the case of a laminate (0, = 45, £ 90) made
up of layers of the same thickness and subjected to a traction
in direction 0, the first cracking appear in layers + 90 then in
layers + 45.

Lastly, the third phase is marked by the appearance of cracks
in layers 0. These cracks generate a delamination of the layers
followed by the rupture of the layers to + 90, then layers with
+ 45, and finally the rupture of fibres in the layers with 0,
leading to the final rupture of the laminate.

However, the techniques of micromechanical analysis which
allow the follow-up of the mechanisms of the rupture of the
laminated structures are very complex and it is difficult to
incorporate them in the tools of the design and analysis of the
composite structures [20, 21, 23].0n the other hand, the
analysis of the mechanical resistance is done by using the
global aspect of the rupture. Generally, the criteria of rupture
are based on the theory of Von Mises .

These criteria are established in the case of an individual layer
and can being classified following the criteria of the
maximum constraint, the maximum deformation or following
the energy, interactive criteria.

2. CRITERIA OF RUPTURE

The tools of the modelling of the behaviour mechanics and
calculations of the structures make it possible to determine the
constraints in the layers of the laminated structures, as well as
the constraints of interactions of the layers, which can be
considered in the composite structural design.

However, the analysis of the concentration of the constraints
and particularly the analysis of delamination are more
complexes in the composite structures compared to isotropic
materials. Indeed, the constraints of interfaces are strongly
nonlinear compared to the thicknesses and the orientation of
fibres. The formulations which result some are not easily
usable, as parameters of optimization.

In the literature we meets several criteria of rupture to
determine the state of limiting load [1], [6, 10,12, 15]. fThe
first work goes back to 1864 with Tresca and its criterion of
the maximum shear stress. The isotropic law of flow was
formulated by Saint - Coming and Levy (1871), but it was
necessary to wait the Fifties to see of it a use in the problems
of the composite structures.

One of the first criteria of rupture applied to composite
materials was introduced by Hill [2] [8,22], who proposes a
generalization of the criterion of VVon Mises by balancing each
term by a coefficient to introduce the anisotropy of the
equivalent medium. It considers a particular anisotropy which
preserves three symmetry planes in the state of work
hardening of material. The interactions of these three plans are
the principal axes of anisotropy, which are not inevitably the
principal directions of the constraints.

The criterion is formulated by saying that the absolute limit of
the constraints corresponding to the rupture of material occurs
by the following expression:
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The coefficients scalar F, G, H, L, M and N are connected to
the limiting values of the constraints according to the three
directions and can be given using three experiments of
traction and three experiments of simple shearing.

The improvement of the criterion of Hill was carried out by
Hoffman [ 3] [7, 16 , 18, 19] which considered the linear
terms of the normal constraints to take into account the
dissymmetrical behaviors of materials

This makes it possible to introduce resistances of compression
and traction by supposing a symmetrical behavior shearing.
That is well checked in experiments. Thus the criterion is
expressed in the form of a quadratic relation which is written:
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The coefficients Ci are in experiments given, according to
the ultimate stresses of traction, compression and shearing.
While being based on the criterion of Hoffman, Tsai and Wu [
4,5, 6 17, 21] proposed to introduce tensors of resistance of
second and fourth order, in order to improve the correlation
between the theoretical and experimental results.

The general formulation of the criterion of rupture is written
in a polynomial form:

Fo, + FijGin + FiijiO'jO'k =1 3

i,j,k=123......6

The assumptions of orthotropic of composite materials
with,one-way fibres, involve a reduction of fnumbers

(F, Fij 1 Fijk)

coefficients of the tensor of resistance from

27 to 12 coefficients, while writing:
Fij = I:ji an I:ijk = Fijk = iji = iji

d 4

we ww we are noted that in practice the simplified form of
this criterion which is retained is:

Fo, + Fijoioj =1
G

o . F,F _
The principal coefficients ( " ") can be determined by
compression and tensile tests according to various directions.

F.
The coefficients of " interactions can be determined by bi
axial tests, provided that the proportion of the constraints is
well controlled.
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3. CRITERIA OF RUPTURE OUT
PRINCIPAL AXES

Criteria given by the equations (2), (5), above, relate to
constraints expressed compared to axes of symmetry of the
laminate.

When the reference axes are unspecified (fig.1), we must
determine the equations of transformation of the constraints.
By introducing the assumption of the plane constraints, used
within the framework of the theory of the plates aminated, we
obtains :
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Where 01=0u; 02=0%, 96T % |
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Thus, it is enough to replace in the equations (5) axial stresses
by the equations of transformation of constraints to lead to a
general form of the criterion of rupture apart from the
principal axes:
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Where the coefficients ') and = ¥ are a function known and
are written in the form:
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Fig 1: Reference apart from the principal axes.

4. VALIDATION

In order to ensure itself of the validity of our results on the
level of the criteria of rupture, we studied the case of a
laminated plate subjected to a load of traction.

The laminated plate consists of six layers, symmetrical same
thicknesses, but different orientations [ 6,] [9, 11,13, 14, 21].

The geometry of the plate is defined by :{

The fithicknesses of the elementary layers : hi - (1mm)

The  fforientation of fibres in the layers
[0°/30° /90° /120° /150°],

The mechanical characteristics of the layers are:f
E, =45GPa_ E, =10GPa_ G, =4.5GPa_
v =031

The models of rupture are:{

- Test of rupture in traction according to the direction L:{

o, < X =1400MPa

- Test of rupture in traction according to the direction T :

o <Y = 40MPa
o <S5 =70MPa

- Test of rupture in shearing:
To implement our calculations, we introduced into our
softwar, a module of calculation which makes it possible to
fix an initial load and to check the criterion of rupture adopted
for the evaluation of the ultimate stresses in each layer taken
individually.

If the limit is reached, we cancel the elastic modules of the
layer concerned and we takes again calculation for the
remaining layers. That to mean that the eliminated layer does
not take part any more in rigidity of the laminate and that with
each rupture of layer the behavior total of the laminate is
modified and that its rigidity decreases.
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If the criterion of rupture is not checked (the ultimate stress is
not reached) we increases the load of a step which one fixes
initially and we takes again calculations.

The comparison of the results resulting from our calculations
to the various criteria of rupture which we chose to apply is
presented in table 1.

we notes a very good agreement of the results obtained by our
calculations, as well on the level of the values of the ultimate
stresses as on the level of the order of the successions of the
ruptures.

Indeed, when the load of traction increases, we observes
successive ruptures of layers, and this of the first rupture of
layers until the rupture of the last layer which coincides with
the final rupture of the plate.

Thus, as we presented in the table, the first rupture is carried
out transversely in the layers with 90°, the second transverse
rupture is localized in the layers with 60° and 120° , the third
rupture by shearing of the layers with 30° and 150°. The final
r%pture occurs in the longitudinal direction of the layers with
0°.

It is noted that the constraints are calculated by the analytical
model of the plates and the finite element method. The results
which we obtained by the two methods do not show
significant differences.

For this reason we limit in table 1 to the presentation of the
constraints obtained by the model of the plates (Sinus), which
has the advantage of the facility of handling compared to the
numerical method of the finite elements.

Table 1: Values of the successive breaking loads

Sruucgfjiz;e Referee TsaiWu Hill Hoffmn
1st r“pggge with 95 MPa 94MPa | 93MPa | 90 MPa
2d rgﬁg“fzé% 60° 122MPa | 119MPa | 117MPa | 116MPa
3rg05“§rflér§5woﬂth 238MPa | 537MPa | 236MPa | 233MPa
final ru%toure with 476 MPa 467MPa | 473MPa | 470MPa

5. CONCLUSION

n this study we apply the criteria of rupture to the case of the
multi-layer laminates by taking account of the thickness of
each layer as well as the orientation of fibers.

And we presented example of application, which it possible to
validate our calculations, at the level of the criteria of rupture
and the progressive nature of the degradation of a laminated
plate highlighted.

The use of these criteria within the framework of a
dimensioning of a laminate, with respect to a limiting load can
constitute a good approach to optimize the laminated
structures. These what us is summoned spirit studied within
our laboratory.

Lastly, we showed starting from the examples at least simple,
that the coupling of the techniques of experiments and the
approach of optimization can lead to the realization of the
composite structures very powerful and to lower cost.
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