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In this paper, were determined the mechanical properties for Dammar based composite materials. For the
begining, were  determined the mechanical properties (elasticity modulus, breaking strength, breaking
elongation, transversal Poisson ratio)  for samples made from a resin whose Dammar is its main part. Based
on this resin, were made composite materials, using as reinforcement fabrics from cotton, silk, flax and
hemp. For each composite type were  experimentally determined the same mechanical properties as in the
case of resin based samples.
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Lately, there is a high interest in using natural fibers for
composite materials manufacturing [1]. From this fibers
category, I can enumerate the flax, hemp, jute, sisal, kenaf,
coconut, kapok, bananas, henequen and others [2]. The
natural fibers represent adequate reinforcing materials for
composites because of the combination between good
mechanical properties and the advantages in the
enviroment protection (regeneration and biodegradability
[3,4]).

The usage of natural fibers as reinforcement presents
many advantages, such as: relatively low cost, abundance
in nature, low weight, less damages to manufacturing
equipments, good surface finishing for molded products
(compared to the composites glass fiber based), good
relative mechanical properties.

From the disadvantages of the natural fibers I can
mention: their manufacturing is limited to the lower
temperatures processing (limited thermal stability), their
tendency to form bundels, hydrophilic nature [5-7]. The
experimental data of their mechanical properties in
different manufacturing conditions have shown in many
cases unsubstantial values [1,3,4], and the irregular
characteristics from the fibers can represent a possible
explanation. In many situations, problems regarding the
interfacial properties appear at these types of composites,
fact that leads to undesired properties for them [1,3,4].

The natural fibers hydrophilic character creates a low
compatibility with polymeric matrices and produces a
decreased dimensional stability, because the fibers are
expanding after the water absortion [5,8-12]. In order to
decrease this character, the fibers surface is necessary to
be modified by using some chemical treatments which
increase the adhesion between the fibers and the matrix
[4].

Apart from the fibers hydrophilic nature, the composites
properties reinforced with natural fibers can also be
influenced by the ratio between the fibers and the filling
matrix. Generally, a high fibers content is needed to obtain
a high composite performance. Therefore, the effect of
the fibers content over the composite materials reinforced
with natural fibers properties is extremely important [13].
There has been found that the tensile strength values of
composites reinforced with natural fibers has increased
with the fibers percentage until a maximum or an optimal
value before decreasing again. Nevertheless, generally it
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is true that the Young modulus values have gradually
increased with the fibers percentage increase [14].

Some researchers have found the exact opposite
tendency to the strength composite increase with the fibers
percentage increase. This thing can be assimilated to many
factors, such as: the incompatibility between the fibers
and the matrix, inadequate manufacturing technologies,
fibers degradation and others. The different chemical
surface changes, such as the chemical treatments for
increasing the tensile properties of natural fiber based
composites, have been made by a large number of
researchers [15-19]. The results of these researches and
the natural fibers mechanical properties are presented and
centralized in some papers [20-24].

The weak compatibility of the natural fibers with more
polymeric matrices can lead to non-uniform fibers
dispersion inside the matrix. The thermoplastic materials
lately prevail, as matrix for bio-fibers. The most frequently
used thermoplastic materials for this purpose are
polypropylene, polyethylene and polyvynilchloride.

From the thermorigid matrices, the modes used are the
ambresits, epoxy and polyester resins [4]. On one hand,
the traditional thermorigid matrices make the global
product not to be easily recycled, and on the other hand,
the traditional thermoplastic matrices have limitations
such as: increased melting viscosity, a dangerous problem
in the case of injection molding manufacturing. In order to
remove these disadvantages, it was tried the usage of
thermorigid-biological matrices (plant oil based matrices,
soy resin or other vegetable oils) manufactured to be
biodegradable [5,25,26]. The thermoplastic bio-materials
are prefered to be chosen, because they do not need the
polymerisation process and combine both advantages of
recycling and removing in perspective.

The natural resins are insoluble in water, but slightly
soluble in oil, alcohol and partially in gas. With certain
organic solvents they form liquors used as covering liquids.
The turpenting, rosin, mastic are products resulted from
pine resins distillation. A study regarding their chemical
composition is made in [27]. The vegetable resins are
Sandarac, Copal and Dammar. From the fossils resins, the
amber can be remembered and the Shellac, from the
animal ones.

A major disadvantage for this resins types is their high
cost which makes them unapproachable even for large
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scale production. Other disadvantages for resins based on
bio concept include brittleness, low temperature for hot
deformation, high permeability at gases, an inadequate
melting viscosity for a later manufacturing. All these
disadvantages restrain their usage in a large area of
applications [28].

In this paper was studied the mechanical behaviour for
some composite materials that have as matrix a
combination between Dammar and epoxy resin. As
reinforcing materials were  used flax, hemp, cotton and
silk fibers. I have determined both the mechanical
characteristics for the used resin and for the composite
materials obtained by its reinforcement with the told
fabrics.

Experimental part
The composite materials allow the obtaining of a high

mechanical properties diversity, fact that makes very
difficult the mechanical characteristics calculus versus the
parts percentage. All the ways of properties and behaviour
investigations for composite materials present the difficulty
that a high number of elastic constants is necessary to be
known, and the obtained models are complex. The most
important factors that depend on the composites
mechanical and elastic properties are: the elastic and
mechanical properties of the constituents; the constituents
volumic percentage;  the constituents geometrical
arrangement; the adhesion between the composite
compound materials; the fibers length; the manufacturing
process.

In order to evaluate the composite material breaking
strength, the fibers are considered to have an elastic
behaviour until the breaking, and the matrix has a non-
linear behaviour in the case of fibers breaking maximum
deformation exceeding. In the case of a unidirectional
composite tensile loaded in the fibers length, the breakage
is considered to be produced when the fibers fail. The
practical results show that the maximum medium stress
value has lower values in comparison to the ones
theoretically obtained in the previous hypothesis. This can
be explained by the fact that not all the fibers have the
same breaking strength, some of them fail and the loading
is taken over by the unbroken fibers.

In case the fibers used for reinforcement present after
an elastic behaviour area a plastic behaviour one, then the
composite material may have a non-linear behaviour and
the breaking strength theoretical determination may be
very difficult. Experimental determinations in this case are
necessary to be made. Even more, the experimental
determinations are imposed in the case of natural based
resins composites, reinforced with natural fibers, because
the properties depend on many factors.

These aspects show that, in the case of new composite
materials, it is necessary to obtain the mechanical
properties experimentally. I have made Dammar based
natural resin samples. This, diluted with turpentine,
strengthens in time if it is applied in thin layers. If it is kept
in containers, it remains in liquid shape. The composite
materials based only on this resin have a very long time to
strengthen. In order to remove this deficiency, I have made
a combination between natural and epoxy resin. In this
combination, 60 % is Dammar, and 40 % is epoxy resin.

From this resin, I have made more samples sets with
densities between 1.04 - 1.05 g/cm3.

The samples were tensile loaded, made according to
SR EN ISO 6892-1:2010 standard. I have used the universal
static and dynamic testing machine, with maximum load
of 300 kN and which can be used for static loadings at

tensile, compression, bending, shear, fatigue, fracture
mechanics loadings or other types of mechanical loadings
according to the international domain standards.

In figure 1, the characteristic curve for a representative
sample from this resin is presented. I have wanted to
determine especially the breaking strength, breaking
elongation, transversal Poisson ratio and the elasticity
modulus.

The main mechanical characteristics obtained for the
Dammar samples are:

-the breaking strength between 25-29.5 MPa, with the
representative value of  Rm = 29 MPa;

-the breaking elongation between 1.1-1.4%, with the
representative value of  A = 14%;

-the transversal Poisson ratio between 0.5-0.6, with the
representative value of μ = 0.57;

-the elasticity modulus between 2210-2560 MPa, with
the representative value of E =2463.

For each mechanical characteristic result, the
representative value was determined as the mean value
obtained for three samples that had the highest breaking
strength values.

I have made samples from this combined resin
reinforced with:

-mixture fabric from 40% cotton and 60% flax
(abbreviated as DI), with the speciffic mass 240 g/cm2. I
have used 12 layers, the obtained composite has the masic
percentage resin of 0.52, the resin percentage volume 0.57
and density  1.21.g/cm3;

-mixture fabric from 60 % silk and 40 % cotton
(abbreviated as DM), with the speciffic mass 162 g/cm2. I
have used 20 layers, the obtained composite has the masic
percentage resin of 0.51, the resin percentage volume 0.61
and density 1.16 1g/cm3;

-cotton fabric (abbreviated as DB), with the speciffic
mass 126 g/cm2. I have used 24 layers, the obtained
composite has the masic percentage resin of 0.5, the resin
percentage volume 0.58 and density 1.18  g/cm3 ;

-hemp fabric (abbreviated as DC), with the speciffic
mass 352 g/cm2. I have used 6 layers, the obtained
composite has the masic percentage resin of 0.62, the
resin percentage volume 0.66 and density  1.10 g/cm3.

I have preferred to give the resin masic and volume
percentages because I could determine the reinforcement
and resin mass for each sample set. By knowing the resin
density, I have determined the resin volume from the
samples.

The composite materials properties reinforced with
natural fibers can be very different because of these fibers
variations. Even in the engineering literature, there are
differences of estimation.

The used reinforcements for manufacturing the
composite materials are usually used in the textile industry
and did not require special treatments.

Fig. 1 The characteristic resin curve for a representative sample



MATERIALE PLASTICE ♦ 52 ♦ No. 4 ♦ 2015http://www.revmaterialeplastice.ro598

All the samples types were tensile tested.

Results and discussions
In the figures 2-3, the representative characteristic

curves for the DM and DB samples are presented.
The analysis of these curves highlights the existence of

three stages in the loading and deformation process. In
the first step, there is a proportionality between the stress
and strain in which the Hooke law is checked. In the
second stage, there is a non-linear character, in this area
there can be found the point where the yield stress appears
for which residual strains of  0.2% appear after stopping
the loading. It is observed that the strain in this stage is
very close to the one that appears at the resin breaking. In
the third stage, reappears the dependance between the
stresses and the strains. This form of the characteristic

          (3)

where n1  is the number of fibers from the fabric placed on
the loading direction, and  n2  is the fibers number from the
fabric placed on the loading perpendicular direction.

So, I consider that only the fibers aranged along the
tensile test direction are loaded. For the composite material
building, the fibers layers were arranged to obtain  n1 = n2,
therefore k = 0.5.

In the second stage, the dependance stress – strain
becomes non-linear. This thing appears due to two
phenomena:

- in the resin the breaking strength appears and it fails in
certain points;

- the adhesion between fibers and matrix is lost and
fibers pluckings from the matrix appear.

As consequences of these phenomena, there is produced
a loading transfer to the fibers. If, at the begining of this
stage, the loading was distributed in all of the composite
volume, being taken over by both the matrix and
reinforcement, at the end of this stage, the loading can be
considered to be taken especially by the fibers.

In the third stage, the dependance between stress –
strain gains again a linear character. This thing suggest
that the fabric fibers which are longitudinally placed take
over the whole loading, and the composite breakage is
made when the breaking strength is reached in the fibers.
In this hypothesis, the composite breaking strength can be
approximated with the relation:

  (4)

where σf is the fibers breaking strength.
A similar shape for the characteristic curve can bee seen

for DI type samples, which is presented in figure 4, but the
passings from a domain to another are not so obvious.

Fig. 2 Representative characteristic curve for DB samples

Fig. 3 Representative characteristic curve for DM samples

Fig. 4 Representative characteristic curve for DI samples

curve can be explained by the next loading phenomenon
mechanism.

In the first stage, the loading is taken over by both the
longitudinal places fibers and the matrix that assures the
composite material adhesion.

The Hook law can be accepted as valid:
  (1)

where E is the longitudinal elasticity modulus on the loading
direction.

This can be determined with the relation:

          (2)
in which:

- Ef  is the longitudinal elasticity modulus (Young) for the
fibers;

- Em is the longitudinal elasticity modulus (Young)  for
the matrix;

- Vf is the fibers volumic percentage;
- Vm  is the matrix volumic percentage;

The characteristiv curve shape for DC type sample,
presented in figure 5, is very different, being very close to a
linear shape.

In the table 1, the determined values of mechanical
characteristics are presented for the studied composite
materials.

The breaking sections and characteristic curves analysis
shows that the breakage is suddenly made, although the
ways for which the breakage appears can be different from
a composite material to another.

Therefore, a breakage type appears when the matrix is
dettached from the fibers (which were plucked from the
resin) and a breakage type that, with the fibers failure the
matrix is broken too, keeping its contact with the fibers in
the place where the breakage took place (made by a
perpendicular direction on the loading direction).
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The first breaking type has appeared to the DM and DB
samples, which were reinforced with fibers that have a
high breaking elongation (7-8 % for cotton and 19-20 % for
silk).

The second breaking type has appeared to the DC and
DI samples, which were reinforced with fibers that have a
low breaking elongation (1.6-4 % for hemp and 2.7-3.2 %
for flax).

Significant differences are observed for the
characteristic curves. In the case of DB and DM type
samples, that have a high breaking elongation for the
reinforcement, the composite materials have also a high
breaking elongation. For these composite types, three
different areas were highlighted where the mechanical
behaviour presents changes depending on the way the
external loading is distributed between the matrix and
reinforcement. In the case of DC type samples, where the
breaking elongation of reinforcement is low, the non-
linearity of the characteristic cuve is smaller, so it appears
from the beginning of the loading. This thing can be
explained by the fact that the matrix and reinforcement
take over together the external loading during the whole
tensile test. The DI type samples have an intermediate
behaviour.

In figure 6, it is presented the breaking strength area
image for this samples type. For the other samples types
(DB, DM, DC) the breaking area image is similar.

If the usual values of the elasticity modulus for
reinforcing fabrics are taken into account  Ecot ton=12 GPa,
Eflax=27 GPa, Esilk=5.8 GPa,Ehemp=30 GPa  and the parts
volumic percentages are taken into account, there are
obtained, with relation (2), for the studied composite
materials, values of the elasticity modulus close to the ones
experimentally determined. The next values are obtained:
EDB=3984 MPa, EDM=3104 MPa, EDI=5838MPa, EDC=6726
MPa.

In the case of breaking strength, the relation (4) leads to
values close to the experimental ones. The only exception
is represented by the breaking strength for DC samples
types for which, in order to have the relation (4) valid, it is
necessary to consider for hemp σf=440 MPa, which is a
lower value compared to the ones from the composites
engineering literature.

An explanation consists in the fact that the hemp fibers
were braided in wires with much higher dimensions in
comparison with other fabrics. It was lost in this way the
synergy effect highlighted by the reinforcing material
properties.

Another explanation consists in the fact that, for the fiber
reinforced composites, the interface that separates the
matrix from the reinforcement is, in most cases, perceived
as having a high influence over the material stiffness and
over the characteristics regarding its tolerance to damage
(meaning the random phases separation), and in this case
it presents deficiencies.

Conclusions
The rythme of random detachment cluster, in the case

of less performance interfaces, often depends on the
interface mechanical loading response, that can speed up
the total phase separation at the interface level, under the
form of a total detachment ductile or brittle type.

In the case of many fiber reinforced composites, the
weaker interfaces are somehow wanted, if they bring an
increase to the materials ductility, but also, this thing can
appear because of the stiffness decrease.
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