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Abstract

This paper presents the results of an experimental study on the physical and
mechanical changes suffered by glass-fibre-reinforced polymer (GFRP) pul-
truded profiles, made of either unsaturated polyester or vinylester resins, after
accelerated hygrothermal ageing. Specimens from both types ot profiles, com-

prising identical fibre contents and arc

hitectures, were subjected to: (a) immer-

sion in demineralized water; (b) immersion in saltwater at temperatures of 20,40
and 60°C for 12 months and; (c) continuous condensation at 40°C for 9 months.
Batches of test specimens from both profiles, conditioned in those accelerated
exposure environments, were periodically monitored with respect to: (a) mass

changes; (b) variation in glass transition temperature evaluated through dynamic
mechanical analysis (DMA) and; (c) degradation of mechanical properties,
assessed by means of tensile, flexural and interlaminar shear tests.

Keywords: GFRP; unsaturated polyester matrix; vinylester matrix; pultruded
profiles; hygrothermal ageing; mechanical properties.

Introduction

Fibre-reinforced polymer (FRP) mate-
rials in general, and glass-fibre-rein-
forced polymer (GFRP) pultruded
profiles in particular, are being used
increasingly in civil engineering appli-
cations as an alternative to traditional
materials, such as steel, reinforced con-
crete and timber. This growing accep-
tance of FRP structures, particularly in
corrosive applications,canbe attributed
to their improved durability and low
maintenance requirements, in addition
to other intrinsic advantageous prop-
erties of advanced composite materi-
als that include high strength, ljghtness
and low thermal conductivity."

In regard to durability, the long-term
use of FRP materials in vessels, pipe-
lines, storage tanks and chemical-
resistant equipment of the oil industry
provides evidence of their improved
performance in relatively harsh and
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corrosive environments, when com-
pared to traditional materials. However,
for civil engineering applications; own-
ers, designers and contractors request
comprehensive and validated data on
durability, since the service life of main-
stream structures is generally expected
to exceed 50 years. As most FRP civil
engineering structures are quite recent’
and research already carried out on this
topic is still limited, such information
correlating the effects of environmen-
tal degradation on the physical, chemi-
cal and mechanical properties of FRPs
is currently not available. The develop-
ment of reliable degradation models,
similar to those already available for
traditional materials, involves gathering
such comprehensive data on durability.
It is also worth mentioning that com-
parative studies on the performance of
alternative matrix formulations used in
FRP materials are also scarce. In this
context, paradoxically, the widespread
acceptance of FRP materials is delayed
because of concerns about durability.
In this regard, several authors have
recently identified durability as one
of the most critical gap between per-
ceived need for information and avail-
able information, and as a crucial area

of focus for future research on FRP
materials.*?

This paper presents results of an
experimental study on the physical and
mechanical changes suffered by GFRP
pultruded profiles, made of either
unsaturated polyester or vinylester
resins with identical fibre contents and
architectures, following accelerated
hygrothermal ageing. Specimens from
both types of profiles were subjected
to immersion in demineralized water
and saltwater for temperatures of 20,
40 and 60°C and, in addition, to con-
tinuous condensation at 40°C, simu-
lating the ageing conditions in wet
environments (e.g. placed under water
or subjected to high levels of mois-
ture), in coastal areas or where the
use of de-icing salts is common. Other
environmental degradation agents,
not investigated in the present study,
include acid or alkaline fluids, thermal
cycles, freeze—thaw cycles, ultraviolet
radiation and elevated temperature.’
Batches of test specimens from both
types of profiles, placed in the above-
mentioned degradation environments,
were periodically removed and moni-
tored regarding: (a) mass changes;
(b) variation in glass {ransition tem-
perature evaluated through dynamic
mechanical analysis (DMA) and; (c)
degradation of mechanical proper-
ties in tension, flexure and shear.
This paper provides extensive data
on the effects of hygrothermal age-
ing on the performance of GFRP pul-
truded profiles, thereby contributing
to shortening of the above-mentioned
gap between perceived need for infor-
mation and available information on
durability. Tn addition, as similar fibre
contents/architectures were used in
this study, results obtained allow for a
direct comparison between the perfor-
mances of unsaturated polyester and
vinylester resins.
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Experimental Programme

Materials

The material studied was obtained
from two commercial GFRP pul-
truded tubular profiles (50 x 50 mm,
thickness 5 mm). This material consists
of alternating layers of unidirectional
E-glass fibre rovings and strand mats
embedded in either unsaturated poly-
ester resin (profile “UP”) or vinylester
resin (profile “VE”). The former resin
is used in most structural applications
when there are no particular require-
ments in terms of environmental
aggressiveness, whereas the latter is
often selected for applications in rela-
tively harsh or corrosive environments.
The two profiles were produced with
the same glass fibre content and archi-
tecture (Figs. I and 2), thus allowing
comparison of the durability perfor-
mance of the polyester and vinylester
resins used in these off-the-shelf stan-
dard profiles.

Initial Characterization

The chemical, physical and mechanical
characterization of both types of mate-
rials was carried out using the follow-
ing techniques:

1. Chemical composition: Infrared
spectra of the materials were stud-
ied in the 450 to 4000 cm™ region,
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according to ASTM E 1252 stan-
dard.® For these measurements,
powder samples scraped from the
surfaces of tlest specimens were
mixed with dry spectroscopic-grade
potassium bromide and pressed into
pellets. 32 scans were collected and
averaged at a spectral resolution of
4 cm™,in a Thermo Scientific Nicolet
spectroscope. The glass fibre content
was determined by the calcination
method described in ASTM D 3171
standard.’

. Physical properties: Density was

measured according to ISO 1183
standard® (immersion method).
Glass transition temperature (7))
was determined by DMA, in accor-
dance with ISO 6721 standard.’
Three-point bending type clamped
specimens of 5 x 15 x 60 mm were
tested at constant frequency of 1 Hz
and strain amplitude of 15 pm, using
a DMA analyser. The analysis was
carried out from room temperature
up to 200°C, at a rate of 2°C/min.
Three replicates were tested for
each type of material.

. Mechanical properties: Tensile tests

were conducted according to ISO
527—parts 1 and 5 standard'’ in
rectangular test specimens (5 x 25
% 300 mm), without end tabs, using
an universal testing machine with
a load capacity of 100 kN. Three-
point bending flexural tests were

Mats  Rovings

Fig. 2: Outer mats and inner rovings of a burnt laminate (VE profile)
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performed according to ISO 14125
standard,'" in rectangular test speci-
mens (5 x 15 x 150 mm) with a span
of 100 mm using a system consti-
tuted by a hydraulic press with a 10
kN load capacity. Interlaminar shear
tests were carried out in accordance
with ASTM D 2344 standard' in
rectangular test specimens (5 x 10 x
30 mm), loaded in a 20 mm span with
the same system used in the bending
tests. Compressive properties were
determined according to ASTM D
695 standard'® in rectangular speci-
mens (5 x 10 x 30 mm).

Exposure Environments

In order to study the potential degra-
dation of the two types of profiles in
typical environments of civil engineer-
ing applications, test specimens were
subjected to the exposure conditions
described in Table 1.

The experimental procedures used
in the immersion ageing conditions,
both in water and in saltwater, were
based on ISO 175 standard,'* with the
concentration of salt in the saltwa-
ter medium being in agreement with
ASTM D 1141 standard™—for both
media, the cut edges of the test speci-
mens were completely immersed. The
ageing performed in the continuous
condensation chamber was carried out
according to the procedures described
in ISO 6270 standard.®

Experimental Characterization after
Hygrothermal Ageing

After exposure to the different ageing
conditions described in Table I, batches
of aged test specimens obtained from
each type of profile were subjected
to the following characterization
techniques:

1. Mass changes: Control specimens
with geometry similar to that of spec-
imens used in DMA were removed
periodically from the different
exposure environments in order to
evaluate their mass changes. After
removal from the exposure environ-
ments, the surface of the specimens
was dried with a cloth in order to
remove any residual free moisture.
Specimens were then immediately
weighed using a 0,0001 g precision
scale.

2. Dynamic mechanical analysis: The
T, was measured according to the
same procedure used in the initial
characterization tests. Three repli-
cates were tested for each type of

Scientific Paper 371




material and ageing condition (dura-
tion and exposure environment).

3. Mechanical behaviour: Tensile, flex-
ural and interlaminar shear tests
were performed according to the
above-mentioned standards. At least
five replicates were tested in the lon-
gitudinal direction for each material
and ageing condition.

Excluding the study of the mass
changes, after being removed from
the different exposure environments
and prior to further testing, specimens
were placed inside polyethylene bags.
These were hermetically closed, in
order to maintain the moisture content
of the material, and then placed inside
a room with temperature controlled at
20 (£2)°C. Prior to testing, specimens
were removed from the polyethylene
bags and immediately tested without
any further conditioning.

Results and Discussion

Initial Characterization

The results of initial chemical, physi-
cal and mechanical characterization of
both profiles are listed in Table 2.

Chemical composition determined by
Fourier transform infrared spectros-
copy (FTIR) (Fig. 3) showed little dif-
ferences between the two materials
analysed. In fact, the spectra of both
profiles were quite similar. The local-
izations and intensity of the peaks con-
firmed the presence of ester, as well
as aromatic and aliphatic structures,
which are common in the molecular
structure of both unsaturated polyes-
ter and vinylester resins. FTIR spectra
also showed the existence of calcium
carbonate (as filler) and silica (from
the glass fibres).

The glass fibre content and density
of the VE profile were slightly higher
than those of the UP profile. On the
other hand, the 7, (obtained from both
the storage modulus, E', and the loss
factor, tand) of the VE profile was
lower than that of the UP profile. From
the mechanical aspect point of view,
the UP and VE profiles started to lose
their initial performance at tempera-
tures above 108 and 99°C, respectively
(Fig. 4).

With regard to the mechanical behav-
iour, in all characterization tests (ten-
sion, flexure, interlaminar shear and
compression), both types of profiles
exhibited a well defined and typical
linear elastic behaviour up to failure. A
comparative analysis of the mechanical

372 Scientific Paper

behaviour exhibited by both profiles
shows that they are quite similar in
their tensile properties (both strength,
Oi,»» and modulus, E;,) and interlami-
nar shear strength (g, ,,). However,
in flexure, the VE profile showed
superior initial performance, for both
strength (0p,,,) and stiffness (Eg,).
Owing to the relatively high scatter in
the results obtained for the compres-
sive strength (o, ), it was decided to

exclude the compressive properties
from this durability study.

Moisture Uptake with Hygrothermal
Ageing

Figure 5 illustrates the mass varia-
tion exhibited by both profiles for
the different immersion media (solu-
tions of demineralized water, W,
and saltwater, §) and temperatures

Type of exposure

Duration

Conditions

Immersion in water
(W-20), (W-40), (W-60)

Immersion in saltwater
(S-20), (5-40), (8-60)

————————13,6,9 and 12 months

Composition: demineralized water
Temperatures: 20 (£2)°C,
40 (£1)°C and 60 (£1)°C
Composition: 35 g/L NaCl
Temperatures: 20 (£2)°C,
40 (£1)°C and 60 (=1)°C

Continuous condensation
(CC-40)

3,6 and 9 months

Temperature: 40 (+2)°C
Relative humidity: 100%

Table 1: Exposure ageing conditions

Property Test method Profile UP Profile VE
Chemical FTIR spectra consistent with unsaturat-
cormasition FTIR ed polyester or vinylester, with presence
P of calcium carbonate and silica
Crliselibre Calcination 684+ 18 68,7 % 0,4
content (%) ’ ’ ' ’
Density (g/cm®) | Immersion 1,869 + 0,113 2,028 £ 0,052
T, (°C) DMA E'initial 107,9 + 10,8 98,6 £7
tand 146 £23 1269 £ 23
Mechanical ;
propertis Tension Oy (MPa) 406 + 31 393 =51,
E,. (GPa) 37626 389 +£41
Flexure Oy, (MPa) 417 £ 65 B7 73
E; (GPa) 20,0 £ 6,9 284 +34
Interlaminar
dhicsar O, sbs (MPa) 385+£27 392+42
Compression | gy, , (MPa) 280+ 123 360 + 131

Tuble 2: Initial physical, chemical and mechanical properties

L0 ( UP profile
08 |
0,6

3: //\J/j\__ )

00 —"
1,0 { VE profile
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0,6
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0,0 =
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Fig. 3: FTIR spectra of UP and VE profiles
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Fig. 4: DMA 3-point bending curves of UP (a) and VE (b) profiles before and after
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(20,40 and 60°C), as well as in continu-
ous condensation (CC) at 40°C.

Figure 5 shows that the evolution of all
mass variation curves follow roughly
a Fickian response (i.e. a fast initial
mass gain that slows as saturation
approaches), with rates of mass uptake
increasing with temperature, particu-
larly in the beginning of the exposure. It
can also be seen that, for similar ageing
conditions (immersion media and tem-
peratures), the comparison of the mass
variation exhibited by both profiles
depicts significant differences, with the
mass uptake for the VE profile being
considerably lower than that exhibited
by the UP profile for all hygrothermal
ageing conditions; these ditferences,
already reported by Chin et al.'’, stem
mainly from the distinct water absorp-
tion capacities of both resin systems, in
particular, the higher hydrolytic stabil-
ity of VE resins. Figure 5 also shows
that, for similar temperatures, mass
uptake in saltwater was always lower
than that in demineralized water, for
both UP and VE profiles. Finally, one
can readily observe that the increas-
ing immersion temperature does not
have a direct correlation with the
increased level of mass uptake and
this result should be attributed to the
potential mass loss by extraction of
low molecular components, an effect
that is expected to increase with the
immersion temperature. In fact, weight
changes in these ageing processes usu-
ally result from a balance between the
water uptake due to moisture ingress
and the loss of material. When com-
pared with the immersion in deminer-
alized water at 40°C, under continuous
condensation at 40°C both materials
exhibited a higher initial weight gain,
although for longer periods, weight
gains for those environments became
quite similar.

DMA afiter Hygrothermal Ageing

Figure 4 shows the results of DMA
after 12 months of immersion and 9
months of continuous condensation—
for each condition, only one curve
corresponding to a representative
specimen is plotted. The left axis rep-

‘resents the variation of E' curves with

temperature, which exhibit a charac-
teristic “step” in the glass transition
region; the right axis shows the corre-
sponding tand curves, which present a
typical peak in that region.

The variation in the behaviour exhib-
ited by the £’ curves at the transition
region reflects mainly the changes
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in the polymer matrix performance,
which progresses from a glassy slate
to an elastomeric state, characteristic
of its viscoelastic nature. In fact, the
reinforced material (in this case, the
glass fibres) does not suffer a stiffness
reduction in this temperature range.
Therefore, the DMA technique indi-
cates the contribution of the viscoelas-
tic nature of the matrix for the overall
behaviour of the composite, and in the
present study, this information is useful
to help understand the actual influence
of the matrix nature on the durability
of the composite. In addition, the qual-
ity of the fibre-matrix interface can
also influence DMA results.

Figure 6 plots, in summary, the varia-
tion of the T, of both profiles (mean
value = standard deviation, determined
based on the onset of E'), as a function
of the type and duration of exposure.

For the UP profile, immersion in
both demineralized water and salt-
water caused, in general, a decrease
in the value of T,. It is seen that the
maximum reduction in T}, occurred for
specimens immersed In demineralized
water, whereas the minimum reduc-
tion corresponds to immersion in salt-
water. After 12 months of exposure,
T, seems to increase with the immer-
sion temperature for both media; for
saltwater immersion at 60°C, the T,
becomes even higher than that of the
un-aged material, most likely due to
a post-curing phenomenon, induced

by the increased temperature. For the
UP profile, the tand curves for con-
tinuous condensation, and immersion
in demineralized water at 60°C show
the appearance of a second “peak” at
higher temperatures (Fig. 4). The occur-
rence of this second peak, associated to
the widening of its base, suggests that
the ageing of the material involves a
plasticization mechanism. The occur-
rence of two “peaks” in the tand curve
may be attributed to the different
mobility of two kinds of segments in
the polymeric matrix, caused by their
different extents of plasticization.

For the VE profile, the variation of T},
was less dependent on the immersion
temperature and, in general, its varia-
tion was less significant than that veri-
fied in the UP profile. The tand curves
for the VE profile did not show any
widening, suggesting that the molecu-
lar structure did not suffer significant
changes. The only exceptions were the
immersions at 60°C in both media, in
which an asymmetry could be observed
in the configuration of the tand curves,
near their maximum value. This result is
consistent with the lower water uptake
ability exhibited by this material, when
compared with the UP profile.

Water uptake by unsaturated polyester
and vinylester composites is known to
cause plasticization in the short term
and hydrolysis over the long term
through attack of the ester linkages."
As the ester group is located in the
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Fig. 6: Glass transition temperature of UP (a, c) and VE (b, d) profiles after

hygrothermal ageing
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middle of the molecular structure of
polyester, and in the ends of the molec-
ular structure of vinylester, in principle,
the later resin is more resistant to the
above-mentioned plasticization mech-
anisms. Both these phenomena induce
higher levels of molecular mobility,
resulting in a consequent decrease in
the T, although such decrease can
often be offset through residual curing
of the resins in aqueous media. These
competing phenomena result in fluc-
tuations in the T, as a function of the
exposure period; in the experiments
reported herein, such behaviour was
shown, in particular, by the UP profile.

Mechanical Performance after
Hygrothermal Ageing

Tensile Properties

The results obtained from tensile tests
on both materials, namely, the tensile
strength and the tensile modulus as
a function of time and hygrothermal
conditions, are presented in Fig. 7.

Figure 7 shows that for all ageing con-
ditions and for both materials there
was an overall decrease in the average
tensile strength with the duration of
exposure (the only exception was the
VE profile after 12 months of expo-
gure in demineralized water at 20°C).
As expected, the level of degradation
of the tensile strength increased con-
sistently with the temperature of the
immersion medium, with maximum
reductions occurring at 60°C—after 12
months of exposure, the lowest levels
of retention were 64 and 75% for the
UP and VE profiles, both immersed
in demineralized water. The general
higher aggressiveness of demineral-
ized water compared to saltwater was
consistent with previous investigations
(e.g. those reyorted by Van de Velde
and Kiekens') and could be attributed
to osmotic effects. For all hygrothermal
ageing conditions and periods of expo-
sure, the tensile strength retention of
the VE profile was consistently higher
than that of the UP profile. Chu et al.”®
reported tensile strength reductions
in pultruded E-glass vinylester lami-
nates that follow the overall trend of
the present tests—the strength reten-
tion presented by those authors was
considerably smaller, but so was the
thickness of the tested material and,
consequently, the maximum moisture
uptake.

The variation exhibited by the aver-
age tensile modulus with the expo-
sure period (Fig. 7), which was much
more irregular and associated with
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higher coefficients of variation (when
compared to the tensile strength),
makes it more difficult to establish
systematic analyses and comparisons
between the two materials. However,
for all exposure conditions and dura-
tions, one can conclude that the stiff-
ness retention was considerably higher
than the corresponding strength reten-
tion—the minimum levels of retention
after 12 months were 76% for the UP
profile (saltwater at 20°C) and 85%
for the VE profile (saltwater at 60°C).
In addition, and similar to the tensile
strength, the stiffness retention of the
VE profile was always higher than that
exhibited by the UP profile. Finally,
when compared to strength, stiffness
retention appeared to be much more
insensitive to the temperature and
composition of the immersion media.

For both profiles the strength and stiff-
ness retention of specimens immersed
in demineralized water at 40°C was
comparable to that of specimens under
continuous condensation (particularly
for the VE profile) and this result
agrees well with the water uptake
measurements.

Flexural Properties

The results obtained from flexural
tests, namely the flexural strength and
the flexural modulus, on both materi-
als are presented as a function of time
and hygrothermal conditions in Fig. 8.

In general, the level of degradation of
the flexural strength of both profiles
increased with the temperature of the
immersion medium, being maximum
at 60°C—this result was in agreement
with the behaviour already reported
for the tensile strength and with results
obtained by other authors with GFRP
pultruded profiles.”*! As for the ten-
sile strength, for similar temperatures,
strength reduction in demineralized
water was usually lower than that in
saltwater (it should be mentioned that
this latter result differs from those
reported by Liao et al?®) Unlike the
behaviour exhibited in the tensile tests
(essentially dominated by the fibres),
in flexure (also significantly influenced
by the matrix and the fibre-matrix
interface) the VE profile did not pres-
ent a better mechanical performance
than the UP profile for all ageing
conditions; in fact, for most exposure
conditions and durations, the strength
retention of the VE profile was consid-
erably smaller than that of the UP pro-
file—after 12 months of exposure, the
lowest levels of retention were 66%
for the UP profile and 58% for the
VE profile, both immersed in demin-
eralized water. This result may be due,
at least to some extent, to some post-
curing effect on the UP profile, which
was identified in the DMA tests, and, in
addition, to the considerable scatter of
the results obtained in the initial char-
acterization flexural tests. In thisregard,
it is worth mentioning that Kootsookos
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and Mouritz® also reported higher
flexural strength retention in moulded
glass—polyester laminates, compared
with glass—vinylester laminates having
similar fibre architectures.

Flexural modulus after 12 months of
exposure decreased in all ageing condi-
tions, for both profiles (Fig. 8). Similar
to strength, in general, stiffness reten-
tion in demineralized water was lower
than that in saltwater and, in addi-
tion, the UP profile presented better
performance than the VE profile—the
lowest levels of retention were 69%
for the UP profile and 58% for the VE
profile, both immersed in demineral-
ized water. Similar to the tensile mod-
ulus, the flexural stiffness retention
appeared to be more insensitive to the
temperature of the immersion media,
when compared to strength.

As for tensile performance, the varia-
tion of flexural properties in specimens
subjected to continuous condensa-
tion was roughly similar to that of
specimens immersed in demineralized
water at 40°C.

Interlaminar Shear Strength

Figure 9 illustrates the variation of the
interlaminar shear strength (a matrix
dominated property) of both profiles
as a function of the hygrothermal con-
ditions and the period of exposure.

Figure 9 shows that very significant
reductions occurred in the interlaminar
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Fig. 8 Flexural strength and modulus of UP (a, c) and VE (b, d) profiles after hygrothermal ageing

shear strength of both profiles as a
function of time. As for the other two
mechanical tests, and similar to results
reported earlier by Kharbari the
interlaminar shear strength retention
decreased consistently with the immer-
sion temperature. After 12 months
of exposure at 60°C, the strength
retention in demineralized water was
approximately 55% for the UP pro-
file and 61% for the VE profile. For
saltwater immersion, the correspond-
ing values were slightly higher, with
strength retentions of 60 and 62% for
the UP and VE profiles, respectively.
As for the two other mechanical tests,
the variation of the interlaminar shear
strength for immersion in demin-
eralized water at 40°C was roughly
analogous to that under continuous
condensation. Strength reductions
exhibited by the VE profile immersed
in demineralized water at the three
different temperatures followed a
trend similar to those reported by Chu
et al.*—these authors obtained higher
strength retentions but, as already dis-
cussed, the results of the two studies
are not directly comparable. Finally,
the better performance exhibited by
the VE profile for all hygrothermal
ageing conditions and periods of expo-
sure is outlined.

Conclusion

This paper presented results of an
ongoing rtesearch project on the
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environmental degradation suffered
by GFRP pultruded profiles made of
either UP or VE resins, with similar
fibre contents and architectures. On
the basis of results obtained for an
exposure of 12 months in demineral-
ized water and saltwater at 20, 40 and
60°C, as well as 9 months in continu-
ous condensation at 40°C, the follow-
ing conclusions can be arrived at:

1. The water uptake capacity of GFRP
profiles and their temperature
dependency are strongly depen-
dent on the nature of the polymeric
matrix—for similar ageing condi-
tions, the VE profile exhibited con-
siderably lower mass uptake than
the UP profile.

2.The UP profile was the one that
presented signs of plasticization in
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DMA, and as a consequence of such
plasticization mechanism the values
of T, in aged specimens suffered a
general reduction. In spite of this,
for some ageing conditions, namely
for higher temperatures, such reduc-
tion was offset because of the occur-
rence of resin post-curing. These
competing phenomena resulted in
fluctuations in the 7, as a function
of the period of exposure. For the
VE profile, variations of T, were
much lower, with DMA not suggest-
ing any appreciable changes in the
molecular structure.

3. The mechanical properties of GFRP
profiles constituted by both types
of resins were noticeably affected,
even for immersion at 20°C (Fig. 10).
For most of the hygrothermal ageing
conditions and periods of exposure,
the retention of both tensile strength
(a fibre-dominated mechanical
property) and interlaminar shear
strength (matrix dominated) of the
VE profile was considerably higher
than that of the UP profile—degra-
dation increased with the tempera-
ture of the immersion medium, with
demineralized water being generally
more aggressive than saltwater. In
flexure, the tendency of the results
was not so clear and, to some extent
was contradictory to results of the
other mechanical tests, as the VE
profile showed a generally worse
performance than the UP profile. It
is believed that flexural results may
have been influenced by the post-
curing phenomen on observed in the
UP profile.

4. The above-mentioned degradation
was mainly due to physical phenom-
ena, such as plasticization of the
polymeric matrix, since no appre-
ciable chemical degradation was
detected through FTIR analyses.?>2
Nevertheless, this degradation may
influence the use of GFRP profiles
in wet environments (structures
placed underwater or subjected to
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high levels of moisture) and espe-
cially in tropical zones (where, in
addition, temperatures are high),
where the use of different resin
systems and/or superficial protec-
tions (such as paintings or gel coats)
shall be considered for improved
performance.

The tendencies stated in the aforemen-
tioned conclusions will be assessed
and eventually confirmed in the forth-
coming experiments to be carried out
within this research project. Additional
experiments are also being carried out
in order to evaluate the reversibility of
the degradation suffered by both pro-
files—in these new experiments, speci-
mens will be submitted to mechanical
tests after being dried, as against the
present experiments, in which they
were tested in a saturated state. The
next steps will also include the devel-
opment of analytical models in order
to simulate the observed degradation
suffered by both types of profiles.
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