Acoustic emission monitoring of cyclic flexural tests
on phormium/epoxy composites

Luisa Dalu *, Igor M. De Rosa *, Carlo Santulli **, Hadio Sarasini *
* Universita di Roma — La Sapienza
Chemical Engineering, Materials, Environment Department
Via Eudossiana 18 00184 Roma, Italy

** Universita di Roma — La Sapienza
Electrical Engineering Department
Via Eudossiana 18 00184 Roma, Italy

E-Mail: carlo.santulli@uniromal.it

ABSTRACT

Cyclic flexural loading of phormium fibre (20 wt%)-epoxgneposites was monitored using acoustic emission. The
initial results show that no AE events are detectechduinloading, and a substantial Felicity effect is reacailp to
loads equal to approximately 90% of the previously applied Ib#ds is not very close to ultimate load. Howevbe

non optimal performance of this material appears to beipally due to the presence of defected fibres, sb ¢h
substantial degradation in flexural strength after a dgeles is observed. Approaching to failure, AE eveertsl tto
concentrate along the mid-point of the laminates, whilgeneral for the they are spread over the wholgtteaf the
specimen, and also higher amplitude events are present.
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1. Introduction

In the strive for obtaining more environmental-friendhatarials, using plant fibres to reinforce
polymer matrices appears as a possible route to be putsuprhctice, however, only a limited
number of plant fibres are currently used for semi-stiat applications: these include e.qg., sisal,
jute, flax and hemp [1]. However, a large number of fitwévegetable origin are in principle
available for this purpose, provided they are capable ofimdfesufficient compatibility with the
polymer matrix employed, so that they are able to sobatly improve the matrix properties. In
this regard, some initial studies have been carried ouh@riibres extracted from the leaves of
Phormium Tenax, also known as New Zealand flax, leadash reach considerable length of up to
3 meters, with average width in the order of 100-150 mm [RB¢s& preliminary studies included
also the evaluation of the effect of loading-unloadingxutal cycles on phormium/epoxy
composites, along the line traced in [3] on jute fibreitates and hybrids. Cyclic loading and
unloading is usually suggested to be very detrimental ®ptbperties of plant fiore composites,
especially due to the large number of defects preserq #ghenfibres, partly owed to their extraction
procedure [4].

In this regard, acoustic emission (AE) monitoring, wipcbved promising already in a few cases
when applied on plant fibore composites [5-6], may offsisiance in damage characterisation due
to flexural loading and unloading and for an initial evatuatf the properties of the material. In
this work, an example of loading-unloading cycle program oormium/epoxy composites is
illustrated and the use of acoustic emission for thdysbf damage development in this material is
commented.

2. Experimental

Untreated”hormium tenaxeinforced epoxy composites, including 20 wt% fibres, cat length of
approximately 2 cm and randomly arranged, were manufactuiregl the hand lay-up process in a
closed aluminum mould. From the square 250 mm panels othtaaenples were removed with
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dimensions 200 mm x 30 mm x 4.5(x0.2) mm: both are showngiurd-1. The matrix was an
epoxy resin (Ampreg 26) by SP systems. The curing cycle wasy20atl@aoom temperature. Five
samples were tested in flexure and for comparison puspbge specimens of neat resin were also
tested. Flexural tests were performed in accordance V8IHVAD-790 using a three-point loading
configuration. After this, some flexural tests were iegrout in cyclic flexural procedures, such as
the one illustrated in the Results section.

All the tests were performed using an Instron 5584 testhine at a constant crosshead speed of
2.5 mm/min. Span-to-thickness ratio in these three-ploémding tests was 20:1. The strain at
midpoint was determined by means of strain gauges. Flebastalwere monitored by AE using an
AMSY-5 AE system by Vallen Systeme GmbH. The AE actjoisisettings used throughout were
as follow: threshold = 35.5 dB, RT (rearm time) = 0.4 BT (duration discrimination time) = 0.2
ms and total gain = 34 dB. Four PZT AE sensors resonant &HS®ere used: two sensors were
placed on the surface of the specimens at both endswolimear localization, while the other two
sensors were used as guard sensors in order to discrirbgtateen AE signals and background
noise. The experimental set-up is illustrated in Figure

Figure 1 Phormium-epoxy laminate and samples removeeédting

Figure 2 Experimental set-up of a phormium/epoxy specimegmaped
for flexural loading and with AE sensors mounted on it



3. Results

Flexural tests results suggest that the introduction sflithited volume of phormium fibres leads
to no perceivable improvement over the resin strenditipugh a substantial increase is measured
over the resin stiffness, consistent with the volumdhoés introduced (about 20% improvement
for 20 wt.% fibres) (Table 1).

Table 1 Flexural properties of pure epoxy resin (R) amdrplum/epoxy composite (P 20%)

A typical flexural cyclic loading program is shown in Figu8, which was continuously monitored
by acoustic emission. In the first cycle, acousticssion was detected only during loading, and at
some locations along the sample, where fibre defeats ki«ely to be present (Figure 4).

In the subsequent cycles, a few low amplitude evente(rmeaching 60 dB) were only detected at
load exceeding 135 N, i.e. 90% of previously reached load, whitdh say a Felicity ratio of 0.9.
Moreover, the events progressively disappearing witkesguent cycles (Figure 5).

Increasing the load to 200 N, events are detected only dimdabng at loads exceeding 150 N,
which was the previously reached load level: this tiomes of the events in the very proximity of
200 N show a much higher amplitude, suggesting that failudedaa be not much higher than 200
N (Figure 6).

However, in subsequent cycles at 200 N, the activityush lower and at different location and
only at loads exceeding 180 N, so that the 0.9 Felicity raeasured for 150 N load can again be
confirmed (Figure 7).

In the final cycle, the load was increased up to failw@ch occurred at 208 N, corresponding to
46.3 MPa: this suggests that the application of a small nuafb®ycles decreased the strength of
the laminate by about 30%. The proximity to failure was icowfd by the sudden appearance of
AE activity at approximately 150 N, hence a strong decrefsiee Felicity ratio, well below 0.9,
and with preferential localisation at the midpoint betw the sensors, where the deflection is
highest (Figure 8).

It is also worthy noting that some phormium fibres pigllout of the matrix were observed in SEM
micrographs (Figure 9): this suggests that some reinfordeeffect has been achieved, in spite of
the limitation of this material.

Figure 3 Example of loading program to failure



Figure 4 AE activity at cycle 1 (150 N load and discharge)
(top: events localisation and detection load, bot@mmplitude distribution)



Figure 5 AE activity at cycles 2-6 (150 N load and discharge
(top: events localisation and detection load, bot@mmplitude distribution)



Figure 6 AE activity at cycle 7 (200 N load and discharge)
(top: events localisation and detection load, bot@mmplitude distribution)



Figure 7 AE activity at cycle 8-12 (150 N load and disgbpr
(top: events localisation and detection load, bot@mmplitude distribution)



Figure 8 AE activity at cycle 13 (load to failure)
(top: events localisation and detection load, bot@mmplitude distribution)

Figure 9 Fracture surface of phormium-epoxy laminate



4. Conclusions

This early work on the application of acoustic emissiwnitoring to cyclic loading of plant fibre
composites (namely to phormium-epoxy laminates) conftirascapability of acoustic emission to
predict failure also in this material. This is particlylecritical, as the material proved to degrade
quite rapidly during repeated loading and most AE actigityue to the fibre failure and pull-out, in
spite of the fact that plant fibres are heavily dampeAdtl.analysis tools which demonstrated
useful to this avail are amplitude distribution, evdatalisation and particularly the measurement
of the Felicity effect.
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