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Université des Sciences et de la Technologie Mohamed-Boudiaf

el Mnaouar, BP 1505, Bir El Djir 31000, Oran, Algérie

Received (10 March 2017)

Revised (25 April 2017)

Accepted (18 June 2017)

The objective of this paper is to study the effect of dissipated energy on the damage to the
fiber-matrix interface of a Hemp/Pla bio-composite, localized by the non-linear acoustic
technique. For this purpose, we used the model defining energy dissipation during a
charge/discharge cycle in our numerical simulation based on the Weibull probabilistic
model and Cox model. We found that the energy dissipated is directly related to the
damage; and when the damage increases the dissipated energy increases rapidly in the
first cycles (1, 2,3 and 4) and very quickly for the last charge/discharge cycles (5,6 and
7). We concluded that the energy dissipated showed the state of degradation of Bio-
composite prior to its start-up, and that the non-linear acoustic technique also indicates
and confirms the same results found.
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1. Introduction

The performance of composite materials has many advantages for the design of
mechanical structures [1]. Mention may in particular be made of a high resistance
to weight ratio, absence of corrosion, vibration damping or impact resistance. The
use of materials, the advantages of which are of particular interest in the advanced
industrial sectors such as aeronautics, still clash with certain markets linked to
the mechanisms of damage and breakage. These aspects lead to the introduction
of severe safety coefficients and therefore higher costs than conventional materials
(metallic in particular). In order to optimize the mechanical structures of composite
materials, it is therefore necessary to control the processes of damage and to predict
by the constituent models adapted to the consequences of these [1].
In practice, the composite materials can have a specific capacity of high energy
absorption, provided that they adopt a progressive and effective mode of ruin. En-
ergy is absorbed not by deformation but by the creation of multiple damage in the
material, which is progressively fragmented [2].
Eco-composites have been the subject of a growing body of research in recent years
[3, 4]. In addition to their ecological advantages (renewable natural resources, po-
tential biodegradability, etc.), they also offer an excellent mass / stiffness / resis-
tance ratio, a considerable asset for most transport, sports and leisure industries.
Still with a view to increasing environmental performance, eco-composites with a
thermoplastic matrix are developing gradually, offering an interesting recycling po-
tential. [3-5] Some solutions are even fully biosourced. Most of these materials
require shaping by thermo compression (under press or vacuum). Among the dif-
ferent natural reinforcements used, hemp fibers are appreciated for their mechanical
performance and availability [6].
Due in part to a lack of knowledge of the behavior of bio-composites. For exam-
ple, understanding and anticipating damage mechanisms is essential for any semi-
structural or structural use. In this vision, we will study the effect of the dissipated
energy on the damage of the fiber-matrix interface of a Bio-composite Hemp / PLA;
This damage will be studied and localized by the non-linear acoustic technique.

2. Theory

2.1. The analytical models

When the stress is uniform, damage to the matrix is given by formula (1) de
Weibull [7]:

Dm = 1− exp

{
−Vm

[
σ + σT

m

σ0m

]mm}
(1)

with:
σ – applied stress,
σT
m – thermal stress,

Vm – volume fraction of the matrix,
mm, σ0m – Weibull parameters.

Df = 1− exp

{
−Af ∗ Lequi ∗

[
σf
max

σ0f

]mf}
(2)
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A broken fiber is discharged along its entire length [7]. That is, it can only break
once. The rupture obeys a law similar to that described for the matrix. with:
σf
max – the maximum stress applied,

Lequi – is the length that the fibers would have for the same break under uniformly
distributed.
For the interface their damage based on the model of Cox [8,9] that is defined by
the following relation:

τ =
Efaε

2
β th(β l/2) β2 =

2Gm

Efr2f ln(
R
rf
)

(3)

with:
Gm – Shear modulus of the matrix,
Ef – Young’s modulus of fiber,
ε – the deformation,
a – radius of the fiber,
R – the half distance,
τ – the shear stress of the interface.
The energy dissipation during a charge / discharge cycle is given by the following
equation:

W =
α

6

τ∗

τ

S2

Ec
(4)

with:
α = EmVm

EfVF
,

Ec = EmVm + EfVf ,
S – level of peak stress less than the ultimate strength of the bio-composite (N/m2),
and:

τ∗ =
αrEfS

2dEc
(5)

τ∗ – is the limiting shear rate.

2.2. The non-linear acoustic technique

Classical nonlinear acoustic behavior of materials is commonly described by the
addition of a nonlinear term β in Hooke’s law, which is written as:

σ = Eε(1 + βε (6)

In the last relation, σ and ε are the stress and strain respectively [10-14], E is the
Young’s modulus and β the parameter of non-linearity. If β = 0, we say that the
material is homogeneous. E and β can be determined from acoustic measurements.
[15, 16]. The Young’s modulus E is obtained by determining the rates of longitudinal
and transverse propagation. The harmonic generation method is based on the
distortion of a sine wave of a high intensity through a given material or medium.
When the material does not exhibit heterogeneity, different areas excited by the
ultrasonic agitation vibrate at the same speed see figure, the ultrasonic wave is then
subjected to any perturbation and its shape is the same that is to say sinusoidal. As
against the presence of heterogeneity in the medium is traversed at a source of the



456 Attemane, A., Mokaddem, A., Doumi, B., Boutaleb, M., Temimi, L. ...

local elevation of the module and density during compression and a local decrease
of the density and modulus during expansion [15, 16]. This results in the change of
the wave shape of the spectral content (FFT). As a result the received wave is not
sinusoidal but contains harmonics.

Figure 1 Fourier spectrum of the received signal for nonlinear parameter determination

3. The characteristics of the materials studied

3.1. Polylactic acid (PLA)

Polylactide or poly (lactic acid) is generally an aliphatic polyester is synthesized by
condensation from an α–hydroxy acid (lactic acid) or by ring-opening polymeriza-
tion from a cyclic monomer: the lactide (Fig. 2) [17–21].

Usually, commercial PLA is a poly–L–lactic (PLLA) and poly–DL lactic (PDLLA)
acid copolymers [21–24].

3.2. The Hemp fiber

The characteristics of the hemp fibers are shown in Tab. 2. The length is 8 to
22 mm for a diameter of about 20-25 µm. The cellulose content is 67%, giving a
stiffness exceeding 30 GPa for certain varieties of hemp. The tensile strength is
very variable, showing the high dispersion of the mechanical properties of the hemp
fibers.We presented in Tab. 1 and 2 the mechanical properties used in our study
for the various constituents of the biocomposites materials.
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Figure 2 A block diagram of the numerical algorithm

Table 1 The characteristics of hemp fibers [25]

Design. Organ
used

Density
(g/cm3)

Length
(mm)

Diameter
(µm)

Cellulose
(%)

Hemicellulose
(%)

Lignin
(%)

Hemp Seed 1.48 22 25 67-75 16-18 2.9-3.3

Table 2 The mechanical properties of PLA

Design. Density
(g/cm3)

Young’s
modulus
Mpa

Radius
(micron)

Poisson co-
efficient

Thermal expan-
sion coefficient

PLA 1.25 3.5*103 40 0.36 7.85*10-5

4. Numerical simulation by a genetic algorithm and the non-linear
acoustic technique

4.1. Development

The objective of this study is to show the effect of the dissipated energy on the
resistance to the fiber-matrix interface of the bio-composite materials consisting of
the hemp fiber and the PLA matrix. Our genetic simulation consists to use the
values of each of the mechanical properties to calculate the damage level of the
interface each time by using the Weibull equations (1, 2) and the Cox equation (3).
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The damage to the interface is determined by the non-linear acoustic technique
using the variable β in our genetic modeling (Equation 6). The evaluation of each
generation is carried out by an objective function based on the Cox model which
includes all the variables defined at the beginning of the algorithm (mechanical
properties of each composite component, Young’s modulus, ...), and finally the
equation defining the dissipated energy. We have determined the damage to the
fiber length of the interface for the two materials used (Hemp / Epoxy and Hemp /
PLA). The numerical calculations are carried out using the software Matlab R2012b.

4.2. The Organigram of our simulation

Assessment of individuals: Objective Function (4,5)
(ó ,Gm ,E f ,a ,Em ,R, ó,D,t,C, Em, , vm ,Am) Equa: 1,4,5 and6

Initial value:

Npop : 120

Genemax : 100

Am : ð * a 2

Crossing Dm and Df

Selection of Individuals
(roulette)

Mutation (P=0.3)

Construction of the new generation

Genemax

End

Choose E for:
-Hemp/Epoxy

--Hemp/PLA

No

Random generation of initialpopulation
Number of individual Npop

(Equa 1,2,3 and 6)

Yes

Figure 3 A block diagram of the numerical algorithm
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5. Results and discussions

To assert our approach based on the nonlinear acoustic technique, a calculation
was carried out on two types of composite materials Hemp/PLA and Hemp/Epoxy.
Based on simulation results by a genetic algorithm, we have examined the strength
of our material by applying different stresses ((95 N/m2), (115 N/m2), (135 N/m2),
which allowed us to calculate the damage to the interface fiber-matrix. Figures
4, 5, 6 and 7, 8, 9 show the level of damage to the interface of Hemp/PLA and
Hemp/Epoxy.

Figures 10 and 11 also show that the energy dissipated has a strong influence on the
damage of the interface for the two materials studied and when the energy increases
the damage increases rapidly in the first cycles (1, 2, 3 and 4) and very quickly for
the last charge / discharge cycles (5, 6 and 7).

5.1. Hemp/Epoxy
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Figure 4 The influence of the stress (95 N/m2) on the damage of the interface
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Figure 5 The influence of the stress (115 N/m2) on the damage of the interface
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Figure 6 The influence of the stress (135 N/m2) on the damage of the interface
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Figures 4, 5 and 6 show that the ”D” interface damage begins at 0.25 (95 N/m2),
then increases to a maximum value of 0.46 (135 N/m2) , One notices the presence
of a symmetry of the damage to the interface, dense in the middle and weak at the
ends. It can be said that the increase in level of damage meant the concentration of
stresses which gives a strong degradation of the interface in the medium by bringing
in the ends.noindent

5.2. Hemp/PLA
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Figure 7 The influence of the stress (9 N/m2) on the damage of the interface
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Figure 8 The influence of the stress (115 N/m2) on the damage of the interface
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Figure 9 The influence of the stress (135 N/m2) on the damage of the interface
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Figure 10 The relationship between energy dissipation and damage to the interface of Hemp/PLA

Figrs. 7, 8 and 9 show that the ”D” interface damage begins at 0.21 (95 N/m2),
then increases to a maximum value of 0.37 (135 N/m2). We find the presence of
a symmetry of the damage to the interface, which dense at the middle and weak
at the ends. It can also be said that the increase in level of damage meant the
concentration of stresses which gives a strong degradation of the interface in the
medium by bringing in the ends, values lower than those found for Hemp/Epoxy.
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Figure 11 The influence of the volume fraction (fiber and matrix) on the dissipated energy and
the damage to the interface of the Hemp/PLA

6. Conclusion

The results found by a genetic calculation, based on the use of the nonlinear acous-
tic technique, show that the level of damage is related to the material resistance
for the two composites that were studied Hemp/PLA and Hemp/Epoxy, and also
show good agreement between the numerical simulation and the actual behavior of
the two materials. Numerical simulation shows that Hemp/PLA is more resistant
than Hemp/Epoxy. The results obtained in our study are in good agreement with
the experimental results which showed that Bio-composites have better mechanical
properties and are more resistant than composite materials. The results found that
our material is resistant, and that gives us more environmental advantage.
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