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Abstract - The primary objective of the research is to develop a fundamental understanding of the effects of hygrothermal 
exposure on Glass Kevlar Hybrid composites. Moisture absorption and its effects on the tensile, flexural and shear strength 
of the composite specimens have been studied. Specimens were cut as per ASTM standards 3039, 790, 5357 for tensile, 
flexural and shear test respectively. The specimens were conditioned by immersing them into distilled water and some 
specimens in open environment for five different periods (every month). The aged and unaged specimens were tested under 
Uni axial tension, Flexure (3-Point bending) loads and shear loads using Instron 3367 Universal Testing Machine (UTM). 
The study on effect of different environmental condition on the composite material was investigated using Temperature cum 
Humidity chamber with three different input parameters (humidity, temperature and time) and three levels (low, medium and 
high) were chosen of India and Taguchi matrix was formed. The amount of degradation and the percentage of moisture 
uptake of the aged specimens were investigated. The results indicated that, with the use of glass fabric in outer layer the 
percentage of moisture absorption decreases thus reducing moisture degradation of composite. Good tensile, flexural and 
shear properties was obtained for the glass Kevlar hybrid composite.  
 
Index Terms - Composites, Degradation, Glass, Humidity, Hybrid, Moisture, Temperature 
 
I. INTRODUCTION 
 
Environmental effects are known to cause 
degradation of the composite and consequent loss of 
mechanical properties. Considerable efforts were 
made by researchers to study the effects of moisture 
and temperature and to develop analytical models for 
the diffusion process in various composites. P. A. 
Srivastav et al. [1] reviewed the effect of humidity on 
the properties of glass Kevlar composite, he 
concluded that the effect of moisture degradation can 
be reduced by addition of glass layer in outer portion 
of the structure. G. S.Springer [2] presented extensive 
work on the moisture absorption behavior of neat 
epoxy resin, glass and graphite Fibre composites 
based on a Fickian diffusion model. R.Gopalan and 
M.V.V.Murthy [3] showed that experimental data for 
simple and hybrid composites comprising both 
permeable and impermeable fibres have good 
correlation with the analytical Fickian diffusion 
model and hence the Fickian model is adequate to 
characterize these composites for the through 
thickness moisture diffusion. Edge coating has the 
significant effect on the saturated moisture content in 
the impermeable Fibre composites.  
 
As the properties of any composite depend on the 
behavior of the matrix, fibres and the interface, it 
seems essential to know the rate of water absorption 
in glass/epoxy composites in order to predict their 
long – term behavior. In many cases water absorption 
obeys Fick’s law and diffusion is driven by the water 
concentration gradient between the environment and 
the material producing continuous absorption until 
saturation is reached [4]. R.Gopalan, R.Somashekar 
and Dattaguru [5] revealed that the moisture 

absorption in a Fibre-matrix composites is by the 
matrix and Fibre -matrix interface in the case of 
impermeable fibres and Fibre and Fibre – matrix 
interface in the case of permeable Fibre composite. 
The moisture absorption causes degradation of 
strength and stiffness of composites. The degradation 
is a function of Fibre orientation and is quite 
significant on the matrix-dominated properties.  
 
The failure process monitored by acoustic emission 
technique revealed that the effect of hygrothermal 
altering the failure mechanism from gradual to brittle 
and catastrophic. G.S.Springer and J.M.Tang [6] 
presented for accelerated environmental testing of the 
composite which shows the test conditions required 
to achieve desired moisture content in the shortest 
time. Data obtained with Fibreite T300/934 fabric 
show that the moisture contents and mechanical 
properties of the material are nearly the same after 
“regular” and “accelerated” environmental 
conditioning. Testing of hydrothermal Effects on 
Durability and Moisture Kinetics of Fibre-Reinforce 
Polymer Composites is done by Padmavathi Surathi 
Vistasp M. Karbhari. [7]The kinetics of fluid sorption 
E-glass/vinyl ester composites is studied widely using 
The Fickian and Langmuir diffusion models. The 
time and temperature dependence of the rate of 
diffusion and maximum moisture content are 
analyzed and moisture kinetics data is assessed for 
performance predictions. It is seen that various 
processes of degradation, both reversible and 
irreversible, are induced in the composite materials 
on exposure to moisture. The durability 
characteristics of unidirectional E-glass-Vinyl ester 
composites under the influence of relative humidity 
and immersion in water at temperatures are 
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investigated. The Effect of Aging Environment on the 
Degradation of Glass Reinforced Epoxy by Somjai 
Kajorncheappungam; Rakesh R. Gupta and Hota V.S. 
Ganga Rao. The effects of immersing coupons of 
glass-reinforced epoxy in four different liquid media 
at two separate temperatures were investigated in this 
study aimed at examining the durability of Fibre-
reinforced plastics currently being used in the 
construction industry. 
 
Composite samples were soaked for up to 5 months 
in distilled water, a saturated salt solution (30g/100 cc 
NaCl), a 5 molar NaOH solution, and a 1 molar HCl 
solution Aging was conducted at room temperature 
and at 60 °C. Results show that commercial epoxy 
resins used in GFRPs are fairly durable. It was found 
that all the solutions marginally degraded the 
mechanical properties of the neat resin, especially at 
the higher temperature; this was mainly the result 
of polymer hydrolysis. The strength of the 
composites, however, was reduced by more than 70% 
by the acid at room temperature and by the alkali at 
the elevated temperature. Water immersion was less 
damaging than either acid or alkali soaking, and 
immersion in brine had the least effect on mechanical 
properties. As evidenced by SEM micrographs, the 
worst cases of damage involved an attack on the glass 
Fibres in acid at 60ᵒC compared to room temperature. 
Therefore, reinforcing glass Fibres have to be 
protected from attack by liquid media to improve the 
durability of composites.[8].  
 
The failure behavior and determination of the effects 
of seawater on composites is carried out by Catherine 
A. Wood & Walter L.Bradley (1996) Specimens were 
tested in transverse tension in an Environmental 
Scanning Electron Microscope.[9]. S.K.Rege, and 
S.C.Lakkad (1983) found the degradation in 
compressive, interlaminar and flexural strength is 
much more severe in salt water than in distilled water. 
The percentage weight gain is also higher in salt 
water. [10] Krystyna Imielinska and Laurent 
Guillaumat (2004) studied glass and aramid laminates 
are commonly used light – weight materials. The 
water immersion affected the microstructural 
integrity of the two composites causing numerous 
internal defects.[11].M. Akay, S. Kong Ah Mud & A. 
Stanley (1996) Moisture absorption behavior and the 
influence of moisture on the thermal and mechanical 
properties of Kevlar-49/epoxyresin laminates have 
been studied. The laminates were prepared by two 
different routes, namely autoclaving and oven-curing, 
and their properties were compared.[12] P. A. 
Srivastav et al. investigated that the effect of tilt angle 
and wind load on the solar racking system and 
concluded that glass Kevlar composite can be a good 
application for this. [13] Fibre-Reinforced Polymer 
(FRP) composites offer many advantages over 
conventional materials for applications in the marine 
and civil infrastructure areas. Their increasing 

widespread use emphasizes the need to predict their 
performance over long periods of time after being 
subjected to exposure to different environmental 
conditions. The effects of moisture absorption on 
Glass Kevlar Hybrid composites, and its effects on 
the tensile, flexural and shear strength of the above-
mentioned composite specimens have been studied.   
 
II. EXPERIMENTAL PROCEDURE 
 
A. Materials 
The Glass fabric and Kevlar of both 200 GSM 
bidirectional were selected. Epoxy resin and 
Hardener selected were 520 and PAM of density 
1.1g/cc. 

 
Fig. 1Glass Fabric (200 GSM) 

 
Fig. 2 Kevlar Fabric (200 GSM) 

 

 
Fig. 3 PAM Epoxy Resin and Hardener 520 

 

 
Table 1: physical properties of glass kevlar fibre 

 
B. Fabrication 
The glass and Kevlar Fabric mats were cut in 30cm x 
30cm size and stacking sequence was chosen G-G-G-
K-G-K-G-G-G of which seven layers were of glass 
fabric and two layers were of Kevlar fabric. So, total 
9layers were used to manufacture the laminate. 
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Fig. 4 Glass Kevlar Laminates 

The epoxy resin is taken at a mass ratio of one to that 
of the Fabric mats and hardener is mixed with the 
resin at a mass ratio of 0.1. 

 
Fig. 5 Hand Layup Method 

The Laminates were fabricated by hand layup method 
using a compression moulding machine at a pressure 
of about 100bar for 24 hours. 

 

 
Fig. 6 Compression Moulding Machine 

 
After curing the Laminates were removed from the 
mould and cut into tensile specimens as per ASTM 
D3039 by using Diamond tip cutting machine 

 

 
Fig. 8 Flexural Test Specimen as per ASTM D790 

 

 
Fig. 9 Shear Test Specimen as per ASTM D5357 

 
Fig. 10 Temperature cum Humidity chamber 

 

 
Fig. 7Tensile Test Specimen as per ASTMD 3039 

 
The Flexural and Shear specimens are cut from the 
laminate as per ASTM D790 and ASTM D 5357 
respectively using diamond tip cutting machine. 
 
C. Moisture absorption test 
The initial weights of glass Kevlar tensile flexural 
and shear specimens are measured using a digital 
weighing machine. The fabricated tensile, flexural 
and shear specimens were immersed into collected 
distilled water for the period of 1month, 2months, 
3months, 4months and 5 months duration. The 
temperature cum humidity chamber has moisture 
range from 5-95% and temperature adjustability 
range from 5-98ᵒC. As the application of this material 
is for flat roof solar PV racking system the effect of 
various environmental conditions on the material also 
needs to be studied so, the factors Temperature, 
Humidity and Time were selected with three different 
levels High, Medium and Low and Taguchi matrix 
was formed which reduced the 27 tests to 9 tests. The 
humidity and temperature were adjusted in 
Temperature cum humidity chamber for the different 
period of time as per Taguchi matrix. The final 
weight of the samples is measured after taking out the 
specimens from distilled water. The percentage of 
water absorption in the composites was estimated by 
finding out the difference in weights of the samples 
before and after aging using the following equation. 

 
Where, 
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D. Mechanical testing 
The test was performed following the ASTM D3039 
standard using the universal testing machine (Model 
No-UTM-G- 410B) with an accuracy of ± 1%. The 
cross head speed was maintained at 1mm/min. The 
capacity of the machine is 2 Tons. 

 
Fig. 11 Uniaxial Tensile Test Universal Testing Machine 

The crosshead speed was limited to 0.1mm/min and 
sampling rate was set to 30pts/sec for Tensile 
Specimens, and 0.5mm/min and sampling rate was 
set to 30pts/sec for flexural specimens (3 point 
bending). 

 
Fig. 12 3 Point Bend Test Universal Testing Machine 

The crosshead speed was limited to 0.5 mm/min and 
sampling rate was set to 30pt/sec. 

 
Fig. 13Universal Testing Machine (Shear test) 

RESULT AND DISCUSSION 
 
The moisture absorption curves of the glass Kevlar 
hybrid composites for all three different specimens 
are shown in fig 14a, 14b and 14c where moisture 
uptake is plotted against the immersing time. 
 
A. Water absorption curve of test specimen 
Water absorption characteristics of all three type of 
test specimen were analyzed in terms of percentage 
weight gain for the composite specimen immersed in 
distilled water for the period of 150 days. Tensile 
specimens have more percentage of moisture uptakes 
as more area of direct exposure to water from sides of 
the specimen. The amount of absorption of pure 
Kevlar fabric is around 12.38% [14] after 5 months 
but due to the use of glass in outer region the water 
absorption is reduced to 5.309% after 5 months, 
similar reduction is found in flexural specimen with 
percentage of water absorption from 4.81% [14] to 
2.801% for the duration of 5months and shear 
specimen with percentage of water absorption from 
5.487% to 3.149% after the duration of 5 months. 

 
Fig. 14a Water Absorption Curve for Tensile Specimen 

 
Fig. 14b Water Absorption Curve for Flexural Specimen 

 
Fig. 14c Water Absorption Curve for Shear Specimen 
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B. Influence of moisture on properties of the test 
specimen. 
The reduction in properties of test specimen after 5 
months of immersion in distilled water gave a 
subsequent reduction in mechanical characteristics of 
the test specimen. Figure 15a, 15b and 15c shows a 
reduction in properties of the glass Kevlar hybrid 
composite before more and after water immersion. 

 

 
Fig. 15a Max Tensile Load for Aged and Unaged Tensile 

Specimen 
 

 
Fig. 15b Max Flexural Load for Aged and Unaged Flexural 

Specimen 
 

 
Table 2: temperature cum humidity chamber results 

 
Fig. 15c Max Shear Load for Aged and Unaged Shear 

Specimen 

C. Temperature cum Humidity chamber results 
The Environmental effect of the specimen for 
different climatic condition in India needs to be 
studied because the area of application is for flat roof 
solar PV racking system so the effect of 
environmental exposure is needed to be studied. 
Temperature cum Humidity Chamber is used for the 
test, specimen were set a different condition (TABLE 
II) obtained using Taguchi matrix. Table II 
demonstrate the different condition obtained using 
Taguchi matrix and the results obtained are presented. 
The change in properties of test specimen due to the 
different environmental condition are been 
represented in below table. The results showed that 
humidity have more impact on the glass Kevlar 
hybrid composite over temperature. High humidity 
and high temperature affect the specimen favorably 
(250 Mpa, 253.27 Mpa & 35.26 Mpa). Low 
temperature and low humidity shows favorable 
degradation in properties of the composite(262.32 
Mpa, 284.26 Mpa &35.25 Mpa), average temperature 
and average humidity showed good results with all 
the properties, as the average temperature is found in 
major regions in India this may have good application 
at various environmental conditions. 
 
CONCLUSION 
 
The effect of water absorption on the mechanical 
(tensile, flexural and shear) properties of glass Kevlar 
hybrid composite has been studied, study concludes 
that  
1. Moisture absorption is more for Kevlar fabric 
compared to glass fabric but the moisture absorption 
can be controlled using glass layer in outer layer. 
2. The water absorption pattern of these composites is 
found to follow Fickian behaviour. Water uptake 
behaviour is radically altered at higher duration due 
to significant moisture induced degradation. 
3. Results shows that glass Kevlar composite is 
capable of withstanding different environmental 
condition with very less moisture degradation. 
4. Test specimen were not coated with glass layer 
from sides so more absorption is from sides so in 
application if it is coated from all sides the moisture 
absorption can be drastically decreased. 
5. Due its good performance in different 
environmental condition as well as in water 
immersion its application can be for solar racking 
system etc. 
 
REFERENCES 
 
[1] P.A. Srivastav, K. S. Wangikar and A. D. Kale,” Literature 

Review on effect of humidity on Mechanical properties of 
Pure and Hybrid composites”, PNFE, Elsevier energy 
procedia. June 2016. 

[2] G. S. Springer. (1981, 1984 & 1987). Environmental effects 
on composite material. Lancaster PA., Technomic publishing 
company. Vol1, 2 and 3. 

[3] R.Gopalan, R.M.G.V.K. Rao, M.V.V.Murthy and 
B.Dattaguru, “Diffusion studies on advanced fibre hybrid 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,      Volume- 5, Issue-9, Sep.-2017 
http://iraj.in 

Mechanical characterization and effects of Hydrolytic Aging on Glass Kevlar Hybrid Composites 
 

17 

composites”, Journal ofreinforced plastics and composites, 
Vol.5, January 1986, pp. 51 – 61, International Journal of 
Engineering Research & Technology (IJERT) 

[4] C.H.Shen and G.S.Springer, “Moisture absorption and 
desorption of composite materials” Journal of composite 
materials, Vol.10, January 1976, pp 2 – 20. 

[5] R.Gopalan, B.R.Somashekar and Dattaguru,“Environmental 
effects of fibre – polymer composites”, International journal 
of polymer degradation and stability, vol.24, 1989, pp.1 – 4. 

[6] P.R.Cirscioli, W.I.Lee, D.G.Peterson, G.S.Springer and Jian 
– Mao Tang “Accelerated Environmental testing of 
composites” Journal of composite materials, Vol.21 March 
1989, pp. 225 – 243. 

[7] PadmavathiSurathi,VistaspM.Karbhari,“hygrothermal effects 
on durability and moisture kinetics of fiber-reinforced 
polymer composites  

[8] R.Gopalan, R.M.G.V.K. Rao, M.V.V.Murthy and 
B.Dattaguru, “Diffusion studies on advanced fibre hybrid 
composites”, Journal of reinforced plastics and composites, 
Vol.5, January 1986, pp. 51 – 61. 

[9] Catherine A. Wood, Walter L. Bradley. “Determination of the 
effect of seawater on the interfacial strength of an interlayer 
Eglass/ graphite/epoxy composite”, Composites Science and 
Technology, Volume 57, Issue 8, 1997, pp. 1033-1043 

[10] S.K. Rege, S.C. Lakkad.”Effect of salt water on mechanical 
properties of fibre reinforced plastic”,fibre Science and 
Technology, Volume 19, Issue 4, 1983, pp 317-324 

[11] Krystyna Imielińska, Laurent Guillaumat.”The effect of water 
immersion ageing on low-velocity impact behaviour of 
woven aramid– glass fibre/epoxy composites” Composites 
Science and Technology, Volume 64, Issues 13-14, October 
2004, pp 2271-2278 

[12] M. Akay, S. Kong Ah Mud & A. Stanley “Influence Of 
Moisture On The Thermal And Mechanical Properties Of 
Autoclaved And Oven- Cured Kevlar-49/Epoxy Laminates” 
“School of Electrical and Mechanical Engineering, 
University of Ulster at Jordan town, Newtownabbey 
composite science and technology.  

[13] P.A. Srivastav, K. S. Wangikar and A. D. Kale, ”Estimation 
of Optimum tilt angle and wind load on Flat roof solar PV 
racking system for different cities in India”, European Journal 
of Engineering Research, Vol2, February 2017. 

[14] C. Ramesh, V. Arumugam, J. Stanley, V. Kumar, “Effects of 
hydrolytic aging on Glass/Epoxy, Kevlar/Epoxy and Hybrid 
(Glass/Kevlar/Epoxy) Composites”, “International Journal of 
Engineering Research & Technology, Vol 2,May 2013,pp 
1589-159. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


