
 

 

 

Abstract – This study had as objective to evaluate the influence 

of hydrothermal conditioning (water bath immersion at room 

temperature and high) on the tensile strength of composite materials 

reinforced with fiberglass. The longitudinal tensile strength results, 

performed at room temperature showed that the samples wasn´t 

significantly affected and don´t lose their strength when 

conditioned.A higher decrease in the transversal tensile strength was 

verified during high temperature tests in the samples submitted to 

hygrothermal ageing. The transversal tensile specimen, submitted to 

the hygrothermal ageing and tested at room temperature showed a 

small decrease in the transversal tensile strength (29.2%). A drastic 

reduction in the transversal tensile strength (42.6%) was observed in 

the samples submitted to hygrothermal ageing and tested at high 

temperature. A fractograph study by optical microscopy (OM) was 

performed in every single sample involved in the tests. These results 

highlight that the elevated temperatures affect the polymeric matrix. 

 

Keywords - Composite materials, fiberglass, epoxy resins, tensile 

strength, hygrothermal ageing. 

I. INTRODUCTION 

URRENTLY, the range of materials available for use in 

engineering is unusually large, given the various 

applications of the market. In this context, the polymer 

composites are presented as a case recognized interest in 

unconventional engineering materials [1-2]. 

Composites are engineered materials generally consisting of 

reinforcement, with whether or not guidance, dispersed in a 

metallic, ceramic or polymer matrix. In the case of polymer 

composite fibrous reinforcement is the main constituent, holds 

the largest volume fraction of the material, is responsible for 
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resistance to mechanical loading, and have greater influence 

on the mechanical properties. Their performance depends on 

the structural arrangement of fibers in one or more directions, 

in a stacked sequence of layers in the composite set design in 

order to obtain products with desirable strength values [3-4].  

In the case of polymeric composites, it is another important 

constituent of the polymeric matrix. This has the functions of 

adding the fibers, give protection to their surfaces from 

damage by abrasion and mitigate the adverse effects of 

environmental conditions on the use of the composite. The 

matrix must exhibit adequate adhesion to the reinforcement of 

the surface, so that the mechanical load applied to a 

component, the matrix deforms and transfer the load between 

the continuous fibers and/or staple the composite. In addition, 

the compressive strength properties, interlaminar shear 

strength, shear strength in the plane and the component 

operating temperature is dominated by the polymer matrix 

system [2, 5, 6].  

There is a high degree of versatility in the mechanical 

properties of composite materials reinforced with continuous 

fibers. The strength and mechanical strength may be 

significantly different in different areas of the composite by 

selection of the type, shape, suitable fiber orientation and 

location of the control fiber concentration. Furthermore, the 

physical properties of the composite fiberglass, such as its 

thermal stability, electrical conductivity and corrosion 

resistance can be changed by varying the composite processing 

conditions and by a suitable choice of matrix material [7]. 

 The polymeric composite when subjected to service 

conditions, are also exposed to a variety of environmental 

conditions and various types of mechanical loading. The main 

causes of environmental weathering attacks are temperature; 

relative moisture; effects of ultraviolet radiation; Particle 

attack of space; chemical exposure; brine; fuel; gases and 

hydraulic fluids. Since the mechanical stresses arise from the 

efforts acting on the structure, for example traction, 

compression and shear. These exposures through environment 

combined with the deformation and mechanical stresses that 

act on structures are the conditions under which the polymer 

composites must act [8].  

The polarity of the matrix greatly influences the water 

absorption of the composite. The higher the polarity of the 

matrix is greater its ability to absorb water. 
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The Epoxy Vinyl Ester resins are chemically more resistant 

than polyester resins, as their points of reactive unsaturation’s 

are only at the ends of the chain, which closed in catalyzing. 

Even in the case of impregnation, and in composites, hydroxyl 

assist in the wettability and compatibility particularly with 

fiberglass [9]. The epoxy matrix, for example, that cure via 

hydroxyl and amine groups, have in their three-dimensional 

structure strongly polar groups (OH) that can easily bind water 

molecules by means of hydrogen bonds. Thus, addition of 

polar non-reactive diluents in polar matrices leads to a 

reduction of moisture absorption in the composite [10-11]. 

In addition to polar interactions between the water 

molecules and the resin, the spatial configuration of the resin 

molecule, used as polymer matrix, also has an influence on 

moisture absorption by the material process. Different spatial 

geometric configurations can result in a more open structure, 

which favors the absorption of moisture by the polymer chain, 

since the water can become lodged in the interstices of the 

structure of the molecule. In polyester resins, there are some 

vulnerabilities throughout the chain, especially the ester bonds 

that are located in the middle of the chain, leaving them 

susceptible to hydrolysis. Another point to consider is that as 

the links of vinyl ester resins are only at the ends, it gives them 

more flexibility after being cured [9]. Consequently, polymers 

with a well-packed crystalline arrangement are more effective 

in moisture resistance than those with lower degree of packing. 

Therefore, some researchers have attempted to correlate the 

moisture absorption materials with any free volume within the 

molecules thereof, but this study is not yet well-established 
[10]

.  

Although the nature of the matrix is dominant factor in the 

absorption process, the fiber type, fiber orientation, the 

sequence of stacking of layers and the type of finish free of the 

laminate edge can influence the moisture diffusion process in 

the composite [12-13].  

According to the considerations normally found in the 

literature, the moisture absorbed in the glass/epoxy resin 

composite fiber may reduce the strength and stiffness of the 

laminate due to plasticization of the matrix with the weakening 

of the interface fiber/resin [14]. These reductions are 

particularly significant at elevated temperatures. The polymer 

composites with the surface of exposed fibers are cited as 

evidence of the weakening of the interface fiber/resin due to 

the humid environment [15]. Thus, the presence of moisture in 

the composite can cause marked changes in the physical and 

chemical characteristics of the resin. In an epoxy resin, 

decreases in modulus of elasticity and reduction in glass 

transition temperature are evidence of the mechanism 

plasticization of the matrix [16-17]. In this case, when it is 

desired to use the material properties for a long period 

becomes necessary to consider that the action of the polymeric 

matrix degradation mechanisms. 

It has been observed in the literature, for many arrays, the 

effect of increased moisture is very similar to the temperature 

increase. Collings, Harvey and Dalziel [18] demonstrated 

experimentally that 70
o
C temperature increase produces an 

effect equivalent to the absorption of moisture in the 

compressive strength, tensile and interlaminar shear, 

reproducing the characteristic failure mode of structures 

subjected to the heat/moisture. The advantage of this method 

was to eliminate the need to condition the composite in humid 

environments to know the influence of parameters 

heat/moisture in the material under study. 

The environmental effects caused by temperature and 

relative moisture may be reversible when the exposure period 

is short. However, when the exposure occurs in long cycles, 

where the combination of temperature change with moisture is 

present, the effects produced can be irreversible due to the 

water affinity of specific functional groups of the polymeric 

matrices of polar nature. In this case, destructive changes 

generally occur at the interface reinforcement/polymeric 

matrix, likely due to degradation of existing physical-chemical 

interactions between the resin and the fiber. Consequently, the 

displacement of the fiber occurs causing delamination of the 

composite with a consequent reduction of the mechanical and 

thermo physical properties of the composite material [8-19]. 

This study was directed to the analysis of hygrothermal 

aging effects on the tensile strength of composites reinforced 

with fiberglass. The effects of moisture and temperature on the 

resistance to longitudinal traction and lateral traction 

composite unidirectional fiberglass impregnated with epoxy 

vinyl ester resin Derakane 411-350® subjected to 

environmental conditioning effects were investigated. 

II. EXPERIMENTAL 

A. Materials 

The composites used in this study were obtained from pre-

impregnated reinforcements in the form of Advantex 

unidirectional roving fiberglass/epoxy vinyl ester resin 

Derakane 411-350® Ashland Company, from which the 

samples for resistance assays were prepared according to 

longitudinal and transverse tensile strength, submitted to 

hygrothermal conditioning at room temperature (20°C + 1°C) 

and high (60°C + 1°C). The unidirectional fibers are paired 

side by side while maintaining the same orientation, i.e., zero 

in relation to the fibers [0°]. The system is based epoxy resins 

of the bisphenol-A to provide chemical resistance to various 

acids, alkalis, bleach and solvents used in various chemical 

processes. They also offer excellent toughness and fatigue 

resistance. These resins have excellent corrosion resistance 

properties and meet essential requirements of Reinforced 

Plastic Fiberglass (FRP). Thanks to their excellent corrosion 

resistance properties. Regarded as the industry standard due to 

its wide applicability and ability to be used in a wide range of 

manufacturing techniques. 

As curing agent was used a liquid organic peroxide type D, 

commercially called Butanox M-50® of the AkzoNobel® 

Company, and cited in the literature as MEKP. The Butanox 

M-50® consists of a methyl ethyl ketone peroxide 35%, used 

for curing unsaturated polyester resins in the presence of a 

cobalt accelerator in a wide temperature range. The adopted 

curing agent provide significantly higher gel time when 

compared with other ketone peroxides for this reason becomes 

particularly desirable for some applications where a long gel 

time or production time is required, for example in the 
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production of parts large or in processes such as filament 

winding. 

A single organic peroxide cannot realize the curing of an 

unsaturated polyester resin at room temperature. For ketone 

peroxides such as Butanox M-50®, a cobalt accelerator is 

mentioned to enhance the radical formation speed in a 

controllable way (Lima Sobrinho, 2005). Thus, an accelerator 

was used named NL-51P with 6% volume of aliphatic ester 

cobalt or cobalt octoate 6% AkzoNobel® Company. 

As reinforcement was used fiberglass type E in the form of 

roving Advantex®, Owens Corning® Company, of texs 

(weight measured in grams per filament length in km) of 

1100g/km, in the manufacture of the samples evaluated in this 

work which has high tensile strength (2.24MPa - ASTM D 

2343), having density of 2.58 g/cm³, interlaminar shear 

strength NOL ring (64.4 MPa - ASTM D 2344), strength 

retention after 72 hours boil (95% - ASTM D 2344).  

B. Environmental conditioning  

To evaluate the effect of environmental conditioning 

polymer composites in three follow-up samples, twelve 

samples of transversal traction and twelve longitudinal traction 

were subjected to hygrothermal conditions. The conditioning 

of the samples were obtained by hygrothermal exposure (in 

distilled water) in a thermostatic bath at room temperature 

(20°C + 1°C) and high (60°C + 1°C) (Tables 1 and 2). 

TABLE I 

 MATRIX SAMPLES FOR THE LONGITUDINAL TENSILE STRENGTH TESTS 

Conditioning Laminate (0o) Samples 

Rehearsed 

property at room 

and at high 

temperature 

Without 

conditioning 
Unidirectional 6 

Longitudinal 

traction 

Hygrothermal at 

room 

temperature 

Unidirectional 6 
Longitudinal 

traction 

Hygrothermal at 

high temperature 
Unidirectional 6 

Longitudinal 

traction 

TABLE II 

MATRIX SAMPLES FOR THE TRANSVERSAL TENSILE STRENGTH TESTS 

Conditioning Laminate (0o) Samples 

Rehearsed 

property at 

room and at 

high 

temperature 

Without 

conditioning 
Unidirectional 6 

Transversal 

traction 

Hygrothermal at 

room 

temperature 

Unidirectional 6 
Transversal 

traction 

Hygrothermal at 

high temperature 
Unidirectional 6 

Transversal 

traction 

 

Before starting the conditioning procedure, all samples were 

placed in a greenhouse at a temperature of 50°C for a period of 

24 hours. After this period, the samples were removed from 

the oven to a desiccator until they reached room temperature 

and were weighed on an analytical balance. This procedure 

was based on ASTM D 5229/D5229M-14
 

[20] and the 

operation repeated several times until the dry mass of the 

samples stay constant, accurate to ± 0,002g. Then follow these 

samples were transferred to the respective conditions and the 

assays initiated. 

C. Hygrothermal conditioning  

In this work were carried out using baths hygrothermal 

aging conditioning by immersion of the specimens in distilled 

water in a water bath at room temperature (20°C + 1°C) and 

high (60°C + 1°C). The hygrothermal exposure in a water bath 

was based on Procedure B of ASTM D 5229/D5229M-14 [20] 

for composite materials to be tested mechanically in the wet 

condition. Prior to the hygrothermal exposure process was 

passed adhesive formulated from epoxy resin MC 201 A/B, on 

four sides of the specimens to prevent the process of water 

absorption of the material is that these regions. 

Moisture can have two different actions in polymeric 

materials degradation mechanisms. First would cause a 

mechanical strain by swelling and contraction of the material. 

The second would be his participation in chemical reactions of 

the polymer such as hydrolysis direct or indirect chain, 

forming primarily hydroxyl radicals. 

To evaluate the process of water absorption by the 

composite material, the samples were weighed at intervals of 

24 hours for a period of 36 days (maximum to achieve 

saturation moisture with this resin [21]). To make the 

weighing, the samples were removed from the aqueous 

environment and the excess surface liquid was removed. 

Weight measurements were then recorded after obtaining the 

weight balance, which will occur after the evaporation of the 

liquid surface of the samples. All the above steps were 

followed by weighing. The percentage of water absorption for 

the different exposure times were calculated from the equation 

(1) below: 

                            (1) 

Where M is the mass percentage absorbed, mi and mf the 

initial and final masses of the sample before and after a certain 

time hygrothermal test, respectively. 

D. Immersion in water at room temperature and high  

The hygrothermal exposure in a bath by immersing the test 

pieces in distilled water in a water bath at room temperature 

(20°C + 1°C) was performed in a climatized room to maintain 

constant water temperature. The hygrothermal exposure at 

elevated temperature (60°C + 1°C) was carried out 

analogously to exposure at room temperature. In this 

procedure, follow-up samples of known weight were immersed 

in water at 60°C until the moisture saturation and the water 

level was completed daily. In order to raise the moisture 

absorption curve as a function of mass gain, accompanying 

samples were weighed daily over a period of 36 days (time to 

reach the saturation moisture). All calculations performed 

raised and curves and the mass gain values, Fick and 

diffusivity constants were compared for both constraints. 

Samples post-test hygrothermal were also characterized 

mechanically by traction test following the same procedure 

adopted for the samples, which have not undergone the 

hygrothermal test. 
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E. Resistence to longitudinal and transverse traction  

Samples of the geometries used in tensile strength tests were 

adopted according to ASTM D 3039/D 3039M-14 [22], which 

states that the samples have a minimum thickness of 1.0 mm, a 

width of 15 mm, a length of 250 mm and a span of at least 127 

mm for longitudinal tensile tests where the load is applied in 

the normal direction of the composite (through the thickness) 

[0°], as can be seen in Fig. 1. For assays transverse strength, a 

minimum thickness of 2.0 mm, a width of 25 mm, a length of 

175 mm and a gap of at least 120 mm, with load applied 

orthogonally to the guidance plane of the composite [90], as 

can be seen in Fig. 2. 

 
Fig. 1 Representation of the sample sizes used in transversal tensile 

tests. 

The tags for clamping in the test machine has measures (60 

x 15 x 1)mm for the longitudinal traction and (25 x 25 x 2)mm 

for transverse strength, being glued to the ends of the samples 

to reduce the stress concentration at the interface gluing, 

distributing homogeneously the gripping forces in the 

attachment of the sample in the testing machine and protect the 

laminate surface glass/epoxy, which due to low the composite 

modulus of elasticity, is deformed elastically by distributing 

stresses over a large area and absorbing energy.  The 

longitudinal and transverse tensile strength was made from 

tensile test in universal machine Shimadzu Servopulser Model 

EHF-ED10. To this, it was adopted loading speed of 1 

mm/min and 100 KN load cell. 

 
Fig. 2 Representation of the sample sizes used in longitudinal tensile 

tests. 

The achievement of tensile test allows obtaining the stress-

strain curve characteristic of the composite material that 

exhibited mechanical behavior and enabling the lifting of the 

mechanical properties of these materials when subjected to 

traction. 

III. RESULTS 

A. Moisture absorption 

The gain in the percentage of moisture content can be 

measured by weighing the samples using analytical balance, 

that is, the change in mass of the polymer sample. The 

moisture content absorbed by families of unidirectional 

composites of fiberglass impregnated with 1100 tex epoxy 

vinyl ester resin Derakane 411-350® is shown in Table 3 and 

4, Fig. 3 and 4, as a result of the average daily weight gain 

obtained in the monitoring samples. 

TABLE III 

MOISTURE ABSORPTION RESULTS IN LONGITUDINAL SAMPLES 

CONDITIONED TO HYGROTHERMAL AGING TESTS AT ROOM TEMPERATURE 

AND HIGH. 

% Average of absorbed water 

Longitudinal traction 

Days 
Hygrothermic at room 

temperature 
Hygrothermic at high 

temperature 

1 0.66 1.13 

2 0.69 1.52 

4 0.71 1.76 

6 0.83 2.03 

9 0.88 2.41 

12 0.99 2.60 

15 1.08 2.66 

19 1.08 2.55 

23 1.07 2.40 

27 1.07 2.30 

31 1.05 2.28 

36 1.05 2.25 

 

TABLE IV 

MOISTURE ABSORPTION RESULTS IN TRANSVERSAL SAMPLES 

CONDITIONED TO HYGROTHERMAL AGING TESTS AT ROOM TEMPERATURE 

AND HIGH. 

% Average of absorbed water 

Transversal traction 

Days 
Hygrothermic at room 

temperature 
Hygrothermic at high 

temperature 

1 0.33 1.13 

2 0.37 1.51 

4 0.44 1.98 

6 0.50 2.13 

9 0.56 2.45 

12 0.63 2.57 

15 0.75 2.62 

19 0.84 2.53 

23 0.83 2.55 

27 0.82 2.49 

31 0.79 2.48 

36 0.80 2.48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Average mass gain of the composite to longitudinal traction 

conditioning hygrothermal aging tests at ambient and elevated 

temperature. 
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Fig. 4: average mass gain of the composite to conditioning transverse 

traction on hygrothermal aging tests at ambient and elevated 

temperature. 

 

It is observed in Fig. 3 and 4, in the initial stage, there is a 

nearly linear relationship between moisture absorption and the 

square root of time. For short periods, the moisture content 

increases linearly until it reaches a state known as pseudo-

equilibrium, approximately between the twelfth and the 

fifteenth day of exposure. This pseudo-equilibrium stage is 

almost the same for most polymeric thermoset composites 

because it is characteristic of moisture absorption behavior 

according to Fick's diffusion law. The water remaining in the 

composite as free water, and tends with time to penetrate into 

the resin by concentration gradient. Above this linear portion, 

the moisture absorption starts to impart a concave curve in 

relation to the axis of abscissa indicates a positive deviation 

from the state of pseudo-equilibrium Fick. With continued 

exposure, moisture absorption process becomes slower, and 

many authors attribute to this period, the onset of the 

relaxation process of the polymer chain, and the hygrothermal 

filling existing empty [2-19-23]. 

In the composite conditioned to hygrothermal aging tests at 

room temperature, an average mass gain of between 0.35% 

and 1.05% was observed. The moisture absorption for 

composite conditioned in hygrothermal aging tests at high 

temperature were between 1.15% and 2.60%. There is a 

difference in moisture absorption mechanism in the parallel 

and perpendicular directions samples. Samples used for 

transverse tensile polymer matrix becomes more exposed and 

thus favors the absorption of moisture. Since the samples used 

to longitudinal traction, the presence of fibers on the edges and 

hinders the absorption of moisture by diffusion through this 

composite shows lower values of mass gain medium. 

When comparing the average weight gain of conditioned 

composites hygrothermal aging test at a temperature of 60°C 

(1.15-2.60%), and subjected to the tests higrothermal at a 

temperature of 20°C (0.35 to 1.05%), it is observed that the 

former have a higher mass. This higher moisture absorption by 

the composite subjected to hygrothermal aging tests is because 

the high temperature used in these tests enable a larger 

moisture absorption by the composite. 

Analyzing the percentage moisture absorption for both 

constraints, it is clear, given the average absorption, the 

composite conditioned to hygrothermal aging tests at high 

temperature absorbed more moisture. However, taking into 

account the standard deviations and making a statistical 

analysis by Fisher's LSD method, contact that for 95% 

confidence, the moisture absorption values for both 

conditioning, no statistically significant difference. The fact 

that both constraints, having the same fiberglass and the same 

epoxy matrix, do not show a significant difference in moisture 

absorption, is consistent with the expected, since in a polymer 

matrix composite reinforced by fibers, moisture absorption 

dependent affect the matrix properties such as stiffness and 

shear strength and cross, as described by Gibson [24]. 

The author also describes that the smaller the volume 

fraction of fibers greater susceptibility to hygrothermal aging, 

supporting the concept that moisture absorption intrinsically 

depends on the properties of the matrix, being the less relevant 

type of reinforcement fiber moisture absorption. Since 

CHAWLA [25] reports that, the fiberglass is susceptible to 

moisture. It must be also emphasize that the laminates studied 

in this work, although designed to have the same fiber volume 

fraction (55%) had volume fractions of different fibers, 

determined by burning method as 47.62% for the samples 

conditioned to hygrothermal aging test at room temperature 

and 50.46% fibers, for the samples conditioned for 

hygrothermal aging tests at elevated temperature. 

B. Behavior in longitudinal traction  

The resistance to the longitudinal tensile testing of 

composites made from unidirectional rovings of fiberglass 

type E impregnated with epoxy vinyl ester resin Derakane 411-

350® were performed to determine the composite measure the 

property of the tensile strength of unidirectional fibers 

positioned towards loading. Contrary to what occurs in the 

transversal traction test, where the resin dominates the effort, 

the longitudinal tensile test stress is dominated by fiber. 

The results presented in Table 5 and illustrated in Fig. 5, for 

unconditioned and conditioned samples are the mean values of 

tensile strength of the samples tested. 

TABLE V 

RESULTS OF THE STRESS TESTS THE LONGITUDINAL TRACTION 

Conditioning 
Maximum 

(MPa) 

Minimum 

(MPa) 

Avarege 

(MPa) 

Without conditioning 287.3 110.7 203.5 + 88,7 

Hygrothermal at room 

temperature 
243.7 87.1 168.4 + 78.5 

hygrothermal at high 

temperature 
222.8 67.5 148.9 + 77.9 
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Fig. 5: Resistance to longitudinal traction room and high 

temperatures. 
 

The resistance to longitudinal traction, determined for the 

samples (Table 5 and Fig. 5) tested without conditioning 

(203.5 ± 88.7)MPa demonstrate that the compounds 

conditioned to hygrothermal aging test at room temperature 

(168.4 ± 78.5)MPa reduce by 17.2% in relation to their 

resistance without conditioning. 

These results were confirmed through statistical method for 

comparing two means, using the second case of non-paired 

data, with a probability of 95% [20]. But the samples 

subjected to hygrothermal aging tests at elevated temperature 

(60°C) (148.9 ± 77.9)MPa showed a decrease of 26.8% in the 

resistance to longitudinal traction when compared to the 

unprimed samples, indicating that the composite when 

subjected to saturation in an environment with high 

temperature (60°C), undergo a greater influence of the 

temperature characterizing the composite a more aggressive 

environment. 

Analyzing the results of the samples conditioned to 

hygrothermal aging test, it is found that the composites tested 

at room temperature (168.4 ± 78.5)MPa are on average 13.1% 

stronger than composites tested at elevated temperature (148.9 

± 77.9)MPa. Reiterating once again, the composite 

conditioned immersion in water, combined with the effect of 

temperature, reduces resistance to longitudinal traction, due to 

degradation of the polymeric matrix and/or fiber/matrix 

interface. 

C. Behavior in transversal traction  

The measurements of the tensile strength of the 

unidirectional composite unconditioned and conditioned to 

hygrothermal aging tests at room and elevated temperature are 

presented in Table 6 and illustrated in Fig. 6. The standard 

deviation, maximum and minimum measured values are also 

included to characterize the scattering data. This statistical 

parameter in fracture resistance measurements is critical to 

indicate whether the composite manufacturing process is 

consistent. Furthermore, it has a critical function definition 

when used in the design strength values for the manufacturing 

structural parts [11]. 

 

 

 

TABLE VI 

RESULTS OF THE STRESS TESTS THE TRANSVERSAL TRACTION 

Conditioning 
Maximum 

(MPa) 

Minimum 

(MPa) 

Avarege 

(MPa) 

Without 

conditioning 
147.4 8.8 55.2 + 79.9 

Hygrothermal at 

room temperature 
83.4 5.4 32.5 + 44.1 

hygrothermal at 

high temperature 
57.9 3.6 23.3 + 30.1 

 

The transverse traction of the samples (Table 6 and Fig. 6) 

tested without conditioning (55.2 ± 19.9)MPa and conditioned 

to hygrothermal aging tests at room temperature (32.5 ± 

14.1)MPa shows that the composites subject to hygrothermal 

aging test at elevate temperature show a decrease of 41.1% in 

their resistance. The samples submitted to hygrothermal aging 

tests at elevated temperature (23.3 ± 10.1) have a drastic MPa 

136.9% reduction in its resistance to transverse traction, 

compared with samples without constraints (55.2 ± 19.9)MPa 

[26, 27].These facts show once again that the polymer matrix 

is severely affected by elevated temperature testing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 6: Results of strength tests to transversal traction. 

 

Comparing the data obtained with the results obtained by 

Bao and Yee [28] can confirm the harmful effect that 

temperature has on the composite subjected to hygrothermal 

aging tests at elevated temperature, as noted further 

deterioration in the region the polymer matrix on the effect of 

elevated temperature. As mentioned above, the transversal 

traction test, the stress is dominated by the resin, where the 

fibers are oriented perpendicular to the axis of the work 

request. Furthermore, there moisture accommodation at the 

interface fiber-matrix causing degradation and a decrease in 

the longitudinal and transverse strength, and the matrix can 

absorb moisture causing a swelling there of which in turn 

causes internal stresses in the composite by reducing their 

transverse tensile strength. 

IV. CONCLUSION 

The study of hygrothermal aging effects on the tensile 

strength of composites of unidirectional fiberglass impregnated 

with epoxy vinyl ester resin Derakane 411-350® shows that 
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the polymer matrix is severely affected in tests at high 

temperature (60°C + 1°C).   The longitudinal tensile strength 

tests performed on the samples showed that the samples do not 

lose their strength when constrained to hygrothermal aging 

tests at ambient temperature (20°C + 1°C). However, the 

composites showed a reduction in their resistance when 

subjected to hygrothermal aging tests at high temperature 

(26.8%). 

Already in the transverse tensile tests carried out on samples 

conditioned to hygrothermal aging tests at room temperature 

(20°C + 1°C), showed a reduction in their resistance (41.1%), 

but the samples submitted to the hygrothermal aging tests at 

elevated temperature (60°C + 1°C)They showed a marked 

reduction in resistance (136.9%). Thus, the combined effect of 

the elevated temperature testing to conditioning in a controlled 

humidity chamber reduces the resistance to transverse and 

longitudinal drift due to degradation of the polymeric matrix. 
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