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THE DETERMINATION OF YOUNG MODULUS FOR CFRP
USING THREE POINT BENDING TESTS AT DIFFERENT
SPAN LENGTHS

Irina PETRESCU', Cristina MOHORA?, Constantin ISPAS?

In cadrul lucrarii s-a determinat modulul lui Young pentru trei epruvete
avand lungimi de rezemare diferite in vederea cresterii preciziei valorii determinate.
Materialele din care sunt realizate epruvetele utilizate sunt compozite laminate
armate cu fibre din carbon orientate unidirectional produse la Cytec Engineered
Materials i testate pe o masind Instron 3367 cu ajutorul metodei de incovoiere in
trei puncte. Pentru determinarea modulului de elasticitate tangential s-a utilizat
portiunea initiald cu caracter liniar a curbei caracteristice a materialului.

The aim of this work was to determine the value of Young's modulus for three
specimens at different span lengths in order to have a more accurate value. The
specimens used are laminated composite carbon fiber oriented unidirectional made
by the Cytec Engineered Materials and tested on an Instron 3367 using the three-
point bending method. The tangent modulus of elasticity is calculated by drawing a
tangent to the steepest initial straight-line portion of the load-deflection curve.

Keywords: Young’s Modulus, three-point bending test, carbon fiber,
unidirectional composite.

1. Introduction

In the last three decades the composites based on unidirectional continuous
fiber-reinforced laminates, together with the composites reinforced by short fibers
or particulates, have been thoroughly studied and successfully applied in many
fields of industry, including construction, transportation and manufacturing. [1]
Prediction of the Young's modulus of composite materials has been the subject of
extensive research over the last 40 years.

Carbon fiber reinforced plastics (CFRP) are used on a large scale in
aeronautical industry due to their advantages [2]. In the same time, CFRP can
present degradations during their use, as delamination due to some impacts even
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with low energies, accompanied or not by fibers breaking, local overheating,
water adsorption, the last two causes leading to the deterioration of the matrix.

In a composite material, the matrix is designed to protect the dispersed
phase in the environment action (corrosion and oxidation), transfer stresses and
redistribute the efforts between fibers. For transfer load to be optimized and
limited movements, the matrix must adhere sufficiently to the reinforcement
element. In most cases, the matrix stiffness and mechanical strength are lower
than the reinforcement material those of [3].

Young’s modulus is one of the important characteristic specific to solid
materials. For polymer composites, the factors affecting the Young’s modulus are
complicated, such as the nature of the matrix and filler, the compatibility between
them, materials processing technology and conditions, the dispersion or
distribution of the filler in the matrix, as well as the interfacial structure and
morphology, and so on [4,5,6].

Prediction of the Young's modulus of composite materials has been the
subject of extensive research over the last 40 years. For more detailed information
about the available theories and approaches the reader is referred to review
articles which treat the theme comprehensively, notably the review by Hashin,
which contains a discussion of the most relevant approaches and theories [7].

Bending tests are used for determining mechanical properties of
unidirectional composite materials. Due to the important influence of shear effects
in the displacements, great span-to-depth ratios are used in order to eliminate
these effects. Three-point and four-point test configurations are used in order to
obtain flexural strength and flexural modulus [8].

Grimberg R. et al. [9] propose a nondestructive control method with
ultrasound Lamb wave spectroscopy. The Lamb waves are generated using
Hertzian contact which presents two important advantages: the coupling fluid
between the transducer and the surface to be controlled is not required and the
Hertzian contact behaves practically like a Lamb wave’s punctual transducer, fact
that assures a relatively simple modeling of the phenomena.

2. Experimental

Numerous investigations have been made in finding suitable methods for
measuring test flexural properties. Standardization institutions such as the
American Society for Testing and Materials (ASTM), European Structural
Integrity Society (ESIS) and Japanese Industry Standards (JIS) have proposed the
three point bending test as method used in the current study. The tests described in
this article try to be consistent with the requirements of standards, in terms of
sampling and test specimens, procedure and post-processing.
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These test methods cover the determination of flexural properties of
reinforced polymer, including high- modulus composites in the form of
rectangular bars molded directly or cut from sheets, plates, or molded shapes.
These test methods are generally applicable to both rigid and semi rigid materials.
However, flexural strength cannot be determined for those materials that do not
break or that do not fail in the outer surface of the test specimen within the 5.0 %
strain limit of these test methods. These test methods utilize a three-point loading
system applied to a simply supported beam [10].
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Fig. 1. Undeformed and deformed three-point bending test
configuration.

Flexural properties can only be used for engineering design purposes for
materials with linear stress/strain behaviour. For non-linear behaviour, the flexural
properties are only nominal. The bending test should preferentially be used with
brittle materials, for which tensile tests are difficult [11].

The present experiment was conducted at the doctoral stage in Universita
degli Studi di Palermo, Facolta di Ingegneria, Viale delle Scienza, Edificio 8,
Dipartamento di Meccanica, Palermo, Italy.

A test machine Instron 3367 (see Fig. 2) with electric drive was used to
test the specimens. The machine has Instron BlueHill software.

The material is a CFRP composite made at the Cytec Engineered Materials
having the product code with APC-2/IM7, a poly (ether ether) ketone, best known
as the PEEK as the thermoplastic matrix.
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Fig.2. Test bench used in the three-point bending tests.

The experimental test was performed using a uniform rectangular bar
horizontally positioned on two supports. The specimens were subjected to a
vertical force applied midway between the supports (see Fig. 3).

Span length

Fig.3. The specimen position on the test machine.

Table 1 shows the dimensions of three specimens named I1, 12 and 13. The
samples width and thickness are approximately equal. For each of the three
samples three measurements were performed in order to emphasize the
repeatability of results. Since the results for each specimen are practically
identical only one of them will be presented in this paper.
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Table 1
Dimensions of specimen
11 12 13
Width [mm] 19,75 19,75 19,75
Thickness[mm] 1,52 1,54 1,54
Length [mm] 120 120 80

3. Results and discussion

The determination of Young's modulus was achieved with an Instron 3367
testing machine using the three-point bending test. With the data obtained from
the experiments there were drawn the graphics below that highlight the relation
between load and displacement related to each specimens. In the graphs, the load
displacement curves for each specimen are presented.

The tests to determine the Young’s modulus were made considering
different span lengths in order to have a more accurate value.

Considering a step of 10 mm, the span length value for I1 and 12
specimens were varied between the interval of 60 — 100 mm and in 20 — 60 mm in
the case of 13.
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The proportionality between the load and the displacement is expressed by
a stiffness term which is a function of the flexural stiffness A s and the foam

Young’s modulus in compression.

From the slope of a graph of load versus displacement, and using the
equation (4) a value for Young’s modulus is obtained. In table 2 is shown the
average of Young’s modulus values for each specimen considering different span
lenght.

A more complete three point bending midspan displacement equation can
be written as:

where:
A,y = Total deformation;
A= Flexural deformation;
A, = Shear deformation.
3
F-L
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where:

F = the applied vertical load at mid-span;

L = the span or the distance between supports;

A = the cross-section area;

I = the inertia moment of the section with respect to the y axis;

E = the flexural elastic modulus or Young longitudinal modulus for
isotropic material;

G = the shear modulus;

(§j= slope of the tangent to the initial straight-line portion of the load-

deflection curve, [N/mm] of deflection.
Table 2

Young's modulus values for the three
specimens studied

11 12 I3
E[MPa] 212000 215000 203000
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7. Conclusions

The aim of this work was to determine the value of Young's modulus for
the three specimens. Unidirectional laminated composite carbon fiber specimens
were used for these tests. The determination of Young's modulus was achieved
with an Instron 3367 testing machine using the three-point bending test. With the
data obtained from the experiments there were drawn plots that highlight the
relation of load and displacement related to each specimens. The portion of the
loading curve which was linear on a plot was considered for the calculations of
the modulus since only that portion could be assumed to constitute the elastic
region. The slopes of the load-deflection curves were used to determine the values
of Young’s modulus. The Young’s modulus values obtained from experimental
tests performed on the three samples are similar, especially for the first two
samples, which have appropriate dimensional characteristics. For the sample 13
with the lower span length used, it results a smaller Young’s modulus value than
for the specimens I1 and 12.
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