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Abstract— Fiber Reinforced Polymer (FRP) composite 

material has good demand in today’s world because it offers 

excellent property as always desirable. Glass Fiber 

Reinforce Polymer composite material offers high strength 

to weight ratio, low coefficient of thermal expansion, better 

connection with environmental condition, corrosive 

resistance, easy to fabricate then metallic parts. Some 

specific advanced applications such as aerospace required 

still better properties. Carbon Fiber Reinforced Polymer 

(CFRP)gives better Elasticity modulus, better strength but 

cost is high. Hence, Combination of these two, GFRP and 

CFRP gives economical better solution over higher cost of 

CFRP. Current study is based on glass fiber reinforce 

polymer and Glass/Carbon fiber reinforce polymer at 

different environmental condition, mainly at lower 

temperature and at lower temperature. At low temperature 

conditioning, it was observed that continuously decrease in 

ILSS and that significantly reduction was observed at Ex-

situ conditioning. Above experiment shows G/C FRP shaws 

better result than GFRP. 
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I. INTRODUCTION 

Fiber reinforced polymer composites are one of the most 

commonly composite material used in today’s industry. 

Composite material finds different applications in sports and 

goods, automobile industry, aerospace industry, marine 

equipment etc. The properties those offer high endurance 

limit, high stiffness,low density, high corrosion, high 

strength to weight ratio etc. In the various application, 

composite react with different environmental conditions. 

Some of these conditions increase irregularity and due to 

that degradation in mechanical properties. The fiber 

reinforce composite offer different properties which is 

depended by the individual property of thefiber/matrix 

interface, fibers and behavior of matrix. As individual 

element offers different in coefficient of thermal expansion 

and due to that as the temperature is change then due to 

difference in coefficient of thermal expansion thermal 

stresses induced and resultant of it, micro cracks are formed. 

As fiber reinforce material has currently wide application in 

aerospace as the cryogenic fuel structure so that it is 

required to study of fiber reinforce polymer at cryogenic 

temperature. The common degradations are delaminates, 

localized surface degradation and micro cracks generate in 

polymer matrix. First degradation failure notice at 

microscopic level and further it is extends to the noticeable 

level. Now a days development expands toward the 

hybridization of composite with two or more fiber 

mixes.This composite can have two or more types of 

reinforcement or matrix hybridization. Hybrid is developed 

such that their individual property can be utilized for one 

together so hybrid is formed to get advantage of all the 

constituent reinforcements.As glass fiber has low specific 

strength, low specific modulus so some volume fraction is 

replaced with carbon fiber which offer high specific strength 

and elasticity modulus should be combined with the GFRP 

composite to increase the property of GFRP and result will 

be better than single glass fiber.Because of the low 

coefficient of thermal expansion, high cost and low strain 

rate, it is required to optimize between the cost and 

performance. Different properties of the carbon fiber, epoxy 

and glass fiber are shown in table 1. 

 

 
The present experiment deals with the comparison 

of mechanical property of glass fiber reinforce polymer and 

hybrid fiber reinforced polymer at high and low temperature 

and also comparison of the performance between these two. 

II. MATERIALS 

Present experiment includes developmentof the two 

composite material GFRP (glass fiber reinforce polymer) 

and hybrid composite as G/C fiber reinforce polymer. 

Triethylene tetra amine (TETA) is used as hardener and 

Diglycidyl ether of bisphenol A (DGEBA) based epoxy is 

used as matrix. The epoxy to hardener is used as 10:1 as 

proportional ratio as per the standard. Hardener and epoxy 

resin are purchased from Atul Ltd, Gujarat with name of K-

6 and Lapox L-12 respectively. 40 volume % of 

reinforcement glass fiber fabric with composite laminate of 

14 layers of woven glass fiber developed by hand lay-up 

method.Similarly 20 volume % of woven glass fiber fabric 

having 5 layers and 21 volume % with 4 layers of woven 

carbon fiber fabric with alternate no of layers were 

fabricated by hand lay-up methods. The fabrics then heated 

with compression press heating at 60°C temperature at 

pressure of 1 MPa for 20 minuits of time.After cured of 

laminates, they are dried for 3 hrs at 50°C 

temperature.Samples are sized as per required dimensions 

and as per standards used with the help of diamond cutter 

then samples are cured in owen for 6 hrs at 140°C. 

III. EXPERIMENTAL METHODS 

A. Short Beam Shear (SBS) test. 

For the test, 3 point bending fixture in 5967 UTM as shawn 

in figure is used. For the calculation of ILSS capacity 
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ASTM D2344-84 standard size specimen was used.Test was 

carried out at room temperature condition and at low 

temperature condition. Until specimen reach to the room 

temperature, it was allowed specimen to reach at room 

temperature freely.For Ex-situ condition, the test is carried 

out at room temperature so it need to come back at the room 

temperature again for test. Some specimens are condition for 

24 hrs and 8 hrs for the difference in properties. For testing, 

sample needs to reach at room temperature and ones it gain 

room temperature it is immediately tested on UTM machine. 

Testing on UTM was obtained at the rate of 1mm/min.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 1: (a) Gfrp Standard Specimens, (b) G/C Hybrid 

Specimens And (c) Instron 5967 Utm With 3 Point Bend 

Fixture. 

 
Fig. 2: G/C Hybrid FRP 

 
Fig. 3: GFRP 

 
Fig. 4: Comparison OF G/C Hybrid And Gfrp 

IV. RESULTS AND DISCUSSIONS 

A. Liquid Nitrogen conditioning 

For the comparison of the property at different temperature, 

liquid nitrogen temperature is utilizedforcomparison and for 

that, samples were kept in nitrogen bath for 8 hrs and 24 hrs 

at -196°C.As in figure shown, for G/C Hybrid FRP ILSS of 

conditioned sample was compare for room temperature, 8 

hrs and for 24 hrs condition. It is shawn in figure 2 that 

ILSS of G/C Hybrid is continuously decreases as it is by 

15.7% and 16.5% as compared to the room temperature 
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condition. Similarly in figure 3, comparison of GFRP for 

different temperature is compared and result of it, ILSS is 

decrease by 25.7% and 26% as to the room temperature.It 

can be seen from the figure 2 and figure 3 that there is minor 

difference between 8 hrs and 24 hrs so it can be suggest that 

the samples are almost saturated at 8 hrs so it need not be go 

through the 24 hrs economically until some specific value 

needs to touch. The saturation is due to the micro crack 

density and the reason may be of thermal stress. When the 

sample gets sudden dip in nitrogen and due to sudden 

thermal stresses, sudden decrease in ILSS as shown in 

figure. 

B. Fractography analysis 

As above procedure is finished on 3 point bend test, for the 

analysis of micro-crack mechanism and failure of the 

surface, Scanning Electron Microscope (SEM) is used for 

various mechanism of failure. In figure 5(a) the failure is 

shown for room temperature tested GFRP. First the starting 

of failures are from the debonding of the interface, which 

further result in the separation of fiber and matrix.Extensive 

fiber imprints on polymer matrix and attachment of matrix 

ligands on fibers were observed. Fracture surface of G/C 

hybrid composite is shawn in the figure 5(b) where the 

surface shown bundle of carbon at matrix region. Failure of 

matrix is due to cohesive force and can be epoxy resin and 

carbon fibers attributed for higher interfacial strength. As 

shown in figure 5(c) fracture surface of G/C hybrid 

composite tested at nitrogen temperature for 24 hrs of time. 

Polymer adherent on bare fibers on their surface is visible.It 

shows that failure is due to the separation in the composite 

between matrix with fiber or loss of integrity.Figure 5(d) 

shown condition in liquid nitrogen on surface in case of 

GFRP sample. At lower in temperature, delaminated surface 

were observed. 

 
(a) 

 
(b) 

 
(c) 

Fig. 5: Scanning Electron Micrographs Of Fracture Surfaces 

Of (a) GFRP Tested At Room Temperature, (b) G/C Hybrid 

Composite Tested At Room Temperature And (c) Liquid 

Nitrogen Conditioned GFRP For 24 Hrs. 

V. CONCLUSION 

The reaction of glass fiber (GFRP) and G/C hybrid studied 

at lower temperature and room temperature on the effect of 

mechanical property. The following conclusion can be 

concluded from the experiment carried out. 

 There is reduction in ILSS in case of GFRP for 8 

hrs and 24 hrs by 25.7% and 26% respectively as 

compared to that of the atmospheric temperature. 

 There is reduction in ILSS in case of G/C hybrid 

for 8 hrs and 24 hrs by 15.7% and 16.5% 

respectively as compared to that of the atmospheric 

temperature. 

 It can be concluded that in case of GFRP and G/C 

hybrid sample there is reduction in ILSS for 8 hrs 

and 24 hrs, it is going saturateat 8 hrs (not 

noticeable difference between 8 hrs and 24 hrs). 

REFERENCE 

[1] B.C. Ray and D. Rathore, “Durability and integrity 

studies of environmentally conditioned interfaces in 

fibrous polymeric composites: Critical concepts and 

comments,” Adv. Colloid Interface Sci., vol. 209, pp. 

68-83, Jul. 2014. 

[2] Dorgham MA (1986) The Economic case for plastics, 

in designing with plastics and advanced plastic 

composite, Interscience Enterprises Ltd., Switzeerland 

10-13 

[3] Kelly A, Zweben C (2000) Comprehensive Composite 

Materials. Oxford U.K, Elsevier Science Publication 

[4] Gong M, Wang X F and Zhao J H 2007 Experimental 

study on mechanical behavior of laminatesat low 

temperature Cryogenics 47 1–7 

[5] Mahato K K, Shukla M J, Kumar D S and Ray B C 

2014 In- service Performance of FiberReinforced 

Polymer Composite in Different Environmental 

Conditions: A Review J. Adv. Res.Manuf. Mater. Sci. 

Metall. Eng. 1 55–88 

[6] Bennett SC, Jhnson DJ (1978) Proc. Fifth London 

Carbon and Graphite Conf.Soc, Chem, Ind 1:377 

[7] Jones C. (1991) The Chemistry of Carbon Fiber 

Surfaces and its Effect on Interfacial Phenomena in 

Fiber/Epoxy Composites, Compos. Sci. Technol. 42: 

275-298 


