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ABSTRACT

Mogt of the commonly used continuous fibers-reinforced polymer composte materids work with pultrusion.
This process can produce a variety of reinforced solid, tubular or gructura profiles, with very interesting
chemicd, physcd and mechanical properties Recently, the increase in the use of pultruded compostes
through critica applications in automobile and aerospace indudtries requires a complete and precise
knowledge of its properties, mainly the fatigue resstance. This paper presents severa aspects of the faigue
behavior of a glass-reinforced polymer compodte, with paticular emphass on the Wohler curve (SN
curve). Effects of R-ratio, frequency and overloads were studied. Damage by fatigue is measured by two
different forms. resdud drength obtained from tensle tests, and continuous measure of deformation of the
composite materid from fatigue tests.
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INTRODUCTION

Without doubt faigue is the most serious damage process in usng enginering maerids. With composte
materids, as the same form of any other maerid, the mgor utilization problem is fatigue. However, in the
most utilized composite materid — fiber reinforced plastics —the formation and propagation of a crack or a
few cracks does not happen, as in metals or ceramic materids. Due to its own inhomogeneity, these does not
exig an unique (or few) crack propageting fredy in the materid’s Structure. A typicd fiber reinforced
compodte continudly damages under fatigue The experimentd verification of this dynamic fatigue
reponse of composites can be found in many works [1-5]. The generated defects may reach a dable
condition sometimes cdled [4] “characteristic damage sage’ or CDS. In this condition the mechanica
propeties of the composte dightly change during the fatigue process. The dteration on mechanica
properties is amost dways easer and more representative to measure and to register than ether a crack size
or an effective crack gzein fatigue of composites.



If we compare many processes, pultrusion is probably one of the most versatile composite processes [6]. It is
a continuous process used to produce fiber-reinforced plagtic structurd shapes. The process involves pulling
resn-impregnated fiber reinforcements through a preformer ad a heated die to cure the resin. Pultruded
composites exhibit al of the features produced by other composite processes, and aso additiond advantages
inherent to this process.

With the support of a great industry of compodte materids in Brazil, the authors made fatigue tests on a
pultruded composite rod bar. Initidly, tendontenson fatigue tests were executed to determinate a possible
faigue limit and the SN curve for this materid. Tests were made to verify the effects of Rratio (low to high
tendon levd ratio [min/Uhnax), frequency and an overload. Cydlic deformation was measured and andyzed in
conjunction of resdud drength obtained from tendle tests. Similar methodology is mentioned in severd
references but almost dways for non pultruded composites [2,4,5].

EXPERIMENTAL PROCEDURE

The materids usad in this study were E-glass fibers and a polyester resin. The product was a unidirectiona
composite in the form of rod, 12.7mm in diameter, developed a the ENMAC by Martins [7]. The composite
contains 70% fibers (about 0,016mm in diameter) by weight. Room temperature tensile strength was around
900MPa. Figure 1 illugtrates the configuration of specimens used for fatigue tests, the tendle tests were done
with the same only that these had smdler head. All tests were conducted on a closed-loop servo-hydraulic
MTS tegting machine with a capacity of 10tons. Tenson tests were performed a room temperature under
stroke control (displacement rate = 25mm/min).

[ 270mmn ol
93,9mm 78.,1mm 95, 9mm
| |‘ T T ‘l
i L 1
£ Specimen ,E, RELr.
~| FATIGUE

Figure 1 : Fatigue specimen configuration.

Fatigue tests were carried out in tenson-tendon with a snusoidd waveform, a frequency ranging from 3 to
30Hz, a a dress ratio R ranging from 0.1 to 0.5, dl tests a room temperature. Load, stroke and time data
were collected and stored in a PC throughout the tests. These data were used to monitor the strain and the
evolution of damage during fatigue tests. After the creation of a S-N curve of the compodte, two extreme
dress leves were fixed, to study the influence of mechanicd parameters on fatigue life frequency, dress
ratio R and a single overload (overload ratio = 2.0). Damage propagation in fatigue was monitored by two
different techniques decrease of tensle drength and increese of drain with fatigue cycles. The specimens
had their temperature observed during the test to confirm no heating on cyding.

RESULTS AND DISCUSSION
The plot of stress amplitude versus number of cycles of falure is showed in Figure 2 (SN curve). A power-

law correlation between the cyclic stress and fatigue life was observed. The corresponding life equation is of
the form:

Sa = Suts (2Nf )b (1)



where [, is the dress amplitude, Uys IS the monotonic tendle srength, 2N; is the number of reversas to
falure and b is the fatigue strength exponent. The results obtained for b was —0.177 for [0;<=910MPa. This
type of correation has been observed for other authors [8-10].
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Figure 2. Stress amplitude versus number of cycles of falure.

The obtained results indicate a tendency of this materid to not present a faigue dress limit like some metds
as duminum dloys. This may be explained by the great presence of smdl defects in the matrix Structure due
the fabrication process. Obvioudy the [/N¢ rae decreasing in high cydes of faigue make the posshility of
flaw more remote in these load levels.

The effect of dress raio R in the composte fatigue life is showed in Figure 3. As we can see, fatigue life
tends to increase with increasing dress ratio R. Many authors have showed the opposite result [8,11-13]. We
explain this controversy by the fact that in our study the increesing R is made by incressng minimum load,
a a congant maximum load. With this procedure we decrease the stress level [ and decrease the stress
fidd in the fiber-resn sysem. Damage per cycle is then decreased, and fatigue life incresses. This effect is
more important when the stress amplitude is decreased (125MPa than 250MPa).
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Figure 3 : Effect of sressratio R in fatigue life.



The effect of frequency in the compogte fatigue life is showed in Figure 4. As we can see, fatigue life tends
to incresse with increasing frequency. The effects of test frequency have been studied by severa workers
[14-17], who produced conflicting results. We beieve that a low frequency induces a higher damage leve in
the fiber-resn system. This effect is agan more important when the stress amplitude is decreased (125MPa

than 250M Pa).
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Figure 4: Effect of frequency in fatigue life.

The effect of a sngle overload in the composte fatigue life is showed in Figure 5. Three results are
presented for a norma loading and two results after an overload. The overload stress was applied after 20%
of faigue life in 125MPa of dress amplitude. The vaue of this overload was equa to 250MPa. We can
conclude that the effect of the overload is detrimentd to composte life, due the generation of incrementa
damage in the fiber-resin system. This effect cannot be neglected.
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FHgure 5: Effect of overload dressin the fatigue life.

Damage by fatigue is measured by two different forms : resdud drength obtained from tendsle tests, and
continuous measure of deformation of the compodte materid from fatigue tests. A residud strength curve
was obtained in tendle tests, with specimens cycled at sress ratio R of 0.3, frequency of 30Hz, dress
amplitude of 125MPa and three different life fraction at this amplitude: 5%, 20% and 50%. Figure 6 shows
this curve.
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Figure 6: Resdud strength results.

Tendle drength increases to a peek, then decreases with number of cycles. This technique is dangerous,
because we can admit an erroneous conclusion that fatigue damage is good to the composite until the pesk.
In compodte materids the initid evolution of fatigue damage promotes a dress redigribution in the fiber-
resn sysem that disspates energy. Consequently, tendle drength incresses untii a maxima damege
concentration, that is enough to promote its further decrease. This resut is observed by other authors [18-
20]. We conclude that this method is not a good procedure to estimate fatigue damage.

In a load-controlled test, stroke response versus cycles will help understand the evolution of conditutive
behavior during faigue cycles. Figure 7 shows a typicad plot of the displacement versus percentage fatigue
life (both normdized) for three specimens tested on fatigue. The plot shows that displacement increases with
cycling with a large CDS region. This observation is a good result that can be used to follow the fatigue
damage progress. Thisresult is observed dso by other author [2].
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Figure 7: Stroke (%) versus fatigue cycles (%).



CONCLUSIONS

The fatigue life was found to decrease with increasing cydic dress levd. A power-law rdationship of the
form [k = CdJ(2N5)° was found to exist. The effect of R — maintaining constant the high stress level (rnax) —
was to decrease the fatigue life with the decrease of R (or increasing the [;). The frequency dependence was
not obvious, but there are indications that decreasing the frequency decreases dso the fatigue life. The
application of an overload decreases the overdl fatigue life of the composte. A way to accompany the
faigue life is to measure the goparent rigidity of the materid by recording the lower and higher stroke
(digplacement) during the te<t.
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