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Abstract - The present work describes the development and 
mechanical characterization of new composites consisting of 
glass fiber reinforcement plastic (GFRP), Nylon and Aluminum. 
The newly developed composites are characterized for their 
mechanical properties. In this work, the mechanical properties 
of GFRP (glass Fiber Reinforcement Plastic), Nylon and their 
composite with Aluminum were evaluated with reference to 
ASTM D638-02a. During the tensile load, the maximum strain, 
and stress are obtained. The maximum strength is found in 
composite GFRP instead of aluminum and composite Nylon. 
Composite material has shown an improvement of mechanical 
properties when compared with individual materials. 
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1. INTRODUCTION 
 
The composite materials are used in many engineering 
applications due to their excellent properties. The sandwich 
composite materials replace the metals owing to their 
excellent strength with low weight. Many of the literature 
deals with the combination of steel or aluminum reinforced 
with the glass fiber reinforced composites materials (GFRP). 
The carbon fiber finds application in aerospace and related 
fields. The cost of fabrication is reduced by using sandwich 
structures. The aluminum is sandwiched between the carbon 
layers formed as fiber metal laminates (FML), and it has 
excellent qualities such as overall reduced weight, corrosion 
resistance and environment friendly. Along with the host of 
benefits, the main disadvantage is the fabrication of these 
composites which is difficult [1]. The aircraft materials are 
developed based on fiber metal laminates which needs the 
improved crack growth properties [2]. If layers of different 
reinforcement materials are combined together to form 
laminate, they are called hybrid structure. This hybrid 
structure can be the product combination of layers of 
different synthetic and natural fabric or it can be prepared 
by combing layers of different kinds of synthetic and 
different kinds of natural fabrics. Hybrid structures of 
natural fibers such as banana-coir [3], and synthetic fibers 
such as glass and carbon [4] have been used previously for 
the development of better mechanical properties. Though, 
there are plenty of methods to build composite structure, 

hand lay-up is one of the basic and oldest methods to make 
composite products for study the composite laminate 
properties during the research stage. This process is cheap, 
easy to do and no specific machine is required. In this 
method reinforcement is first placed on the mold surface and 
the resin is applied to the fabric. As this method is very 
preliminary, the distribution of resin through laminate is 
uneven due to which it is difficult to have a uniform part 
thickness and fiber-resin volume ratio. After lay-up the 
component needs to be cured at room temperature or at 
elevated temperature based on resin system used. The part 
can be cured with compression molding or vacuum bagging 
to give more compaction during curing. In this paper the 
authors have used both natural and synthetic fibers for 
manufacturing composite laminate. Natural fiber, such as 
Jute, Bamboo and Glass fabric as synthetic fibers have been 
used for laminate preparation. Hand lay-up followed by 
vacuum bagging or compression molding to make laminates 
ensured controlled part thickness. Four different laminates 
are being manufactured. The details of these laminates are 
furnished below. The fibre/metal composite technology 
combines the advantages of metallic materials and fibre 
reinforced matrix systems. Metals are isotropic because they 
have a high bearing strength and impact resistance and are 
easy to repair. Full composites have an excellent fatigue 
characteristic and have high strength and stiffness. The 
fatigue and corrosion characteristics of metals and the low 
bearing strength, impact resistance and reparability of 
composites have overcome by the combination of metal and 
fibers [5, 6]. Composite matrix can be classified based on the 
matrix as metal matrix, ceramic matrix and polymer matrix. 
Based on reinforcement they can be classified as natural 
fiber and synthetic fiber reinforced composites. Natural 
fibers are renewable and biodegradable, which consists low 
density as well as low machining cost, less irritating to 
human skin and having efficient thermal and mechanical 
properties [7-11]. 
 
The ultimate tensile strength and hardness of bimetallic 
weld joint increases by increasing the pre-stress, and 
ductility was decreases when thermal loading increases. For 
preventing brittle failure behavior of carbon steel the value 
of pre-stress and thermal stress should be low as possible 
[12-16].
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Figure 1: The interface between the aluminum-lithium layer and prepares [17] 
  
The glass fibers uniformly reinforce the epoxy and well 
spliced, as the section features presented in Figure.1. 
Meanwhile, aluminum-lithium layers get good combination 
with the fiber reinforced epoxy through the observation of 

amplifying interface morphology. The prepared NFMLs and 
Glare keep the thickness of 1.42 ± 0.02mm, exhibiting almost 
the same density of 2.45g/m3 and 2.47 g/m3 
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Figure 2: Tensile and flexural properties of NFMLs and 
Glare: (a) tensile strength; (b) flexural strength, (c) elastic 

modulus; (d) the tensile stress-strain curves (cross-
plies/00) [17] 

 

The novel fiber metal laminates (NFMLs) with different plies 
and sampling directions exhibit quite various strength and 
elastic modulus, as the tensile and flexural results shown in 
Fig. 2. However, NFMLs always have better mechanical 
properties than Glare under the same laminating design. The 
strength and stiffness of FMLs are mainly influenced by the 
bonding strength and the performance of each component. 
The NFMLs and Glare possess the similar bonding strength, 
which indicates that the performance of individual 
components determines the properties of the laminates. 

Hence, the improved strength and elastic modulus of NFMLs 
keeps in different degrees according to the prediction theory 
of Metal Volume Fraction (MVF). Only a slight increase of 
tensile and flexural strength is obtained when using 
aluminum-lithium alloy, because the fibers, not the metal 
layers, primarily contribute to the strength in FMLs. But for 
the elastic modulus, the rule is just opposite. Metal layers 
usually play a leading role in the elastic modulus of FMLs. 
The investigated aluminum-lithium alloy behaves a higher 
elastic modulus of 82GPa, bringing apparent elastic modulus 
improvement of NFMLs. The introduction of aluminum-
lithium alloy increases the stiffness of 8%~12%, which is 
quite valuable in broadening the application of fiber metal 
laminated [17]. 
 
These material systems are created by bonding composite 
laminate plies to metal plies 6. The concept is usually applied 
to aluminum with aramid and glass fibers, also it is applied 
to other constituents [18]. Several articles have shown that, 
FMLs possess both the wonderful impact resistance 
characteristics of metals and the attractive mechanical 
properties of fiber reinforced composite materials [19-21]. 
Carbon fiber reinforced plastic (CFRP) is a high strength-to-
weight and stiffness-to-weight ratio materials and they have 
been widely used in many fields such as aircraft, aerospace, 
ship, etc. Since the CFRP has more advantages than aramid 
fiber reinforced plastic (AFRP) and glass fiber reinforced 
plastic (GFRP), it is used as a potential composite layers to 
fabricate GLARE. GLARE is a material consisting of 
alternating layers of thin metal sheets and thin composite 
layers. High stiffness of carbon fiber provides more efficient 
crack bridging aluminum layers than aramid fiber and glass 
fiber. The presence of aluminum layer provides good impact 
resistance. This combination of high stiffness and strength 
with good impact resistance gives GLARE a great advantage 
as an application to the structures of aircraft, space, 
helicopter, robot, laminated pipe, drive shaft and so on [22-
25]. 
 
The mechanical properties of aluminum, nylon, GFRP, 
aluminum-GFRP composite & aluminum-nylon composite 
were found by using experimental method. One layer of 
GFRP is sandwiched between two layers of aluminum to 
form GFRP composite. Similarly, nylon composite is formed 
[26-27]. The fabrication and characterization of the carbon-
aluminum thermal management composites [28]. The 
microstructure and mechanical properties of 1050/ 6061 
laminated composite processed by accumulative roll 
bonding. They have indicated that the 1050 layer shows 
coarse structure when compared to the 6061 layer [29]. The 
mechanical response of carbon fiber composite sandwich 
panels with pyramidal truss cores. They have studied the 
failure modes and analyzed the structures [30]. The low 
velocity impact behavior of glass fiber reinforced plastics 
aluminum sandwich composite materials [31]. The 
mechanical properties of Steel/Aluminum/GRP Laminates 
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and presented in detail [32]. The mechanical behavior of 
fiber reinforced metal laminates (FRMLs). They have also 
studied the fracture behavior of fiber reinforced metal 
laminates. From the above research studies, it has been 

asserted that the carbon fiber reinforced aluminum 
sandwich composite materials are one of the important class 
of materials and are used in many applications [33]. 

 
2. EXPERIMENTAL PROCEDURE 
 
In this work we used GFRP (Glass fiber reinforcement 
Plastic), Nylon and Aluminum. Mechanical properties are 
evaluated for GFRP, Nylon and Aluminum individually and 
their composite with aluminum, using specimens prepared 
with reference to ASTM D638-02 a. Figure 3 shows typical 
specimens for composite GFRP-Al- GFRP 
 

 
 

Figure 3: Aluminum-GFRP Composite specimen 
 

3. RESULT AND DISCUSSION 
 
The composite specimens were subjected to various loads 
and computer controlled Universal Testing Machine (UTM). 
The specimens were clamped and tests were performed. The 
tests were closely monitored and conducted at room 
temperature. The load at which the completed fracture of the 
specimen occurred has been accepted as breakage load. Fig.3 
shows the test rig used in the experiments.   
 
The mechanical properties of aluminum-GFRP composite & 
aluminum-nylon composite were found by using 
experimental method. One layer of GFRP is sandwiched 
between two layers of aluminum to form GFRP composite. 
Similarly, nylon composite is formed. Acrylate is used as an 
adhesive material to form composites. 
 

 
 

Figure 4: Load Displacement diagram for various 
composite material 

 

 
 

(a) 
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(b)       (c) 
 

Figure 5: Comparision of Composite material (a) Tensile strength, (b) Strain, (c) bearing load 
  

Table 1: Mechanical Properties of Aluminum fiber 
 

Material Specimen 
Ultimate 
Strength 

Mean 
Strength 

Strain 
Mean 
Strain 

Load 
Mean 
Load 

Aluminum 

1 164.25 

163.83 

0.324 

0.324 

6.18 

6.19 2 158.34 0.319 6.29 

3 168.9 0.329 6.12 

Composite Nylon 

1 119.64 

122.95 

1.95 

2.087 

4.48 

4.403 2 125.74 2.14 4.31 

3 123.48 2.17 4.42 

Composite GFRP 

1 244.56 

249.06 

0.239 

0.235 

8.12 

8.157 2 253.27 0.237 8.34 

3 249.36 0.231 8.01 
 
The fibre/metal composite technology combines the 
advantages of metallic materials and fibre reinforced matrix 
systems. Metals are isotropic because they have a high 
bearing strength and impact resistance and are easy to 
repair. Full composites have an excellent fatigue 
characteristic and have high strength and stiffness. The 
fatigue and corrosion characteristics of metals and the low 
bearing strength, impact resistance and reparability of 
composites have overcome by the combination of metal and  

fibers [32-34]. 
 
Table 1 shows GFRP have minimum elongation in length 
before failure. Nylon shows totally opposite properties as it 
has least tensile strength with maximum elongation due to 
which it has highest ductility. Aluminum somewhat has 
properties in between these two materials thus could be 
considered as an ideal material to form composites with the 
other two. 
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4. CONCLUSIONS  
  
The following conclusions are as follow  
 
 The tensile strength of Aluminum-GFRP material is 

highest with least ductility as it shows minimum 
elongation in length before failure. 

 When composite of aluminum and GFRP is made then 
there is a significant change in the properties like the 
tensile strength becomes maximum of all the composites 
as well as individual materials and also unlike pure 
GFRP, the composite GFRP has higher elongation which 
shows the improvement in ductility. The nylon 
composite also shows revolutionary changes in the 
properties as its tensile strength increases as compared 
to pure nylon and its ductility is also somewhat reduced 
which can be useful in various applications. 

 

REFERENCES 
 

[1] Bosco MAJ, Palanikumar K, Prasad BD and Velayudham A. 
Analysis on influence of machining parameters on thrust 
force in drilling GFRP-armor steel sandwich composites. 
Journal of Composite Materials. 2015; 49(13):1539-1551. 
 

[2] Asundi A and Choi AYN. Fiber metal laminates: an 
advanced material for future aircraft. Journal of Materials 
Processing Technology. 1997; 63(1-3):384-394. 

 

[3] T. Hariprasad, G. Dharmalingam & P. Praveen Raj (2013). 
Study of mechanical properties of Banana-Coir Hybrid 
composite using experimental and FEM techniques, Vol-
4, pp. 518- 531, June 2013. 

 

[4] R.T. Durai Prabhakaran, Tom L. Andersen, C.M. 
Markussen, Bo Madsen & Hans Lilholt(2013): Tensile and 
Compression properties of hybrid composites – A 
comparative study:ICCM19. 

 

[5] Alderliesten RC and Benedictus R. Fiber/metal composite 
technology for future primary aircraft structures. In: 48th 
AIAA/ ASME/ASCE/AHS/ASC Structures, Structural 
Dynamics, and Materials Conference; 2007; Honolulu. 
Reston: AIAA; 2007. p. 1-12. 

 

[6] Arshad Mehmood. Rahul, and Mudit Sharma Evaluation 
of Hardness of Bimetallic Weld joint between SA-508Gr3 
and SS-304L. International Research Journal of 
Engineering and Technology (IRJET). 2014; Feb-
2017:1762-1769. 

 

[7] Gowda, T.M. Naidu, A.C.B & Chhaya, R. (1999).Some 
mechanical properties of untreated jute fabric-reinforced 
polyester composite composites: part, A 30:277-284. 

[8] Shibata, S. Cao. Y & Fukumoto, I. (2006). Lightweight 
laminate composites made from kenaf and polypropylene 
fibers polymer testing, 25: 142-148 
 

[9] Cheng, H., Ho, M., Lau, K., Crdoma, F & Hui, D. (2009). 
Natural fiber reinforced composites for bioengineering 
and environmental engineering applications composites: 
Part B, 40: 655-663. 

 

[10] Haque, M. M., Hasan, M., Islam, M. S & Ali, M. E. (2009). 
Physico mechanical properties of chemically treated 
palm and coir fibre reinforced polypropylene composite 
bio resource Technology, 100: 4903-4906.  

 

[11] Ragoubi, M., Bienaime, D., Molina, S., George, B. & Merlin, 
A. (2010). Impact of corona treated hemp fibers onto 
mechanical properties of polypropylene composite 
made thereof, industrial crop and products, 31: 344-349 

 

[12] Manoj Saini , Navneet Arora, Chandan Pandey, Husain 
Mehdi ,Mechanical Properties of Bimetallic Weld Joint 
between SA 516 Grade 65 Carbon Steel and SS 304 L for 
Steam Generator Application, International Journal of 
Research in Engineering and Technology, vol 3 (7), 
2014, 39-42. 

 
[13] Husain Mehdi, R.S. Mishra, Mechanical properties and 

microstructure studies in Friction Stir Welding (FSW) 
joints of dissimilar alloy- A Review, Journal of 
Achievements in Materials and Manufacturing 
Engineering 77/1 (2016) 31-40. 

 

[14] Husain Mehdi, R.S. Mishra, Influences of Process 
Parameter and Microstructural Studies in Friction Stir 
Weldingof Different Alloys: A Review, International 
Journal of Advanced Production and Industrial 
Engineering, IJAPIE-SI-MM 509 (2017) 55–62 

 

[15] Husain Mehdi, Shwetanshu Gaurav, Teetu Kumar, 
Prasoon Sharma, Mechanical Characterization of SA-
508Gr3 and SS-304L Steel Weldments, International 
Journal of Advanced Production and Industrial 
Engineering, Vol-2, Issue-1, 41-46. 

 
[16] Husain Mehdi, R.S. Mishra, Mechanical and 

microstructure characterization of friction stir welding 
for dissimilar alloy- A Review, International Journal of 
Research in Engineering and Innovation, vol-1, Issue-5 
(2017), 57-67. 

 

[17] Huaguan Li, Yubin hu, Yiwei Xu, Wentao Wang, 
Reinforcement Effects of Aluminum-lithium Alloy on the 
Mechanical Properties of Novel Fiber Metal Laminate, 
Composites Part B: Engineering, Volume 82, 1 December 
2015, Pages 72-77. 

http://scholar.google.com/scholar?cluster=10519858879344569744&hl=en&oi=scholarr
http://scholar.google.com/scholar?cluster=10519858879344569744&hl=en&oi=scholarr
http://www.sciencedirect.com/science/journal/13598368
http://www.sciencedirect.com/science/journal/13598368/82/supp/C


          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 04 Issue: 11 | Nov -2017                    www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 6.171       |       ISO 9001:2008 Certified Journal       |   Page 549 
 
 

[18] Alderliesten R. On the development of hybrid material 
concepts for aircraft structures. Recent Patents in 
Engineering. 2009; 3(1):25-38.  
 

[19] Krishna kumar S. Fiber metal laminates: the synthesis of 
metals and composites. Materials and Manufacturing 
Processes. 1994; 9(2):295-877.  

 

[20] Reyes VG and Cantwell WJ. The mechanical properties of 
fiber-metal laminates based on glass fiber reinforced 
polypropylene. Composites Science and Technology. 
2000; 60(7):1085-1094. 

 

[21] Vogelesang LB and Vlot A. Development of fiber metal 
laminates for advanced aerospace structures. Journal of 
Materials Processing Technology. 2000; 103(10):1-5. 

 

[22] Song SH, Byun YS, Ku TW, Song WJ, Kim J and Kang BS. 
Experimental and numerical investigation on impact 
performance of carbon reinforced aluminium laminates. 
Journal of Materials Science and Technology. 2010; 
26(4):327-332. 
 

[23] Xue J, Wang WX, Takao Y and Matsubara T. Reduction of 
thermal residual stress in carbon fiber aluminium 
laminates using a thermal expansion clamp. Composites. 
Part A, Applied Science and Manufacturing. 2011; 
42(8):986-992. 

 

[24] Wang WX, Takao Y, Matsubara T, Uchimura C, Baba S 
and Higashijima M. Development of galvanic corrosion-
resistant CFML based on composite coating. Journal 
Society of Material Science Japan. 2007; 56(5):420-425. 

 

[25] Lawcock GD, Ye L, Mai YW and Sun CT. Effects of fibre/ 
matrix adhesion on carbon-fibre-reinforced metal 
laminates- II. Impact behavior. Composites Science and 
Technology. 1998; 57(12):1621-1628. 

 

[26] Husain Mehdi, Rajan Upadhyay, Rohan Mehra, Adit 
Singhal “Modal Analysis of Composite Beam Reinforced 
by Aluminium -Synthetic Fibers with and without 
Multiple Cracks Using ANSYS” International journal of 
Mechanical Engineering, vol-4 issue-2, pp 70-80, 2014. 

 

[27] Husain Mehdi,  Anil Kumar, Arshad Mahmood, Manoj 
Saini “Experimental Analysis of Mechanical Properties of 
Composite Material Reinforced by Aluminium-Synthetic 
Fibers” International journal of Mechanical Engineering, 
vol-2, issue-2, pp-59-69, 2014 

 

[28] Jiang N, Novak JP and Fink RL. Fabrication and 
characterization of carbon: aluinium thermal 
management composites. In: 26th Annual IEEE: 

Semiconductor Thermal Measurement and Management 
Symposium; 2010; Santa Clara. IEEE; 2010. p. 87-92. 

 

[29] Lihong S, Cheng L, Guanyu D, Kiet T and Xudong S. 
Microstructure and mechanical properties of 
1050/6061laminated composite processed by 
accumulative roll bonding. Reviews on Advanced 
Materials Science Volume. 2013; 33(1):33-37. 

 

[30] George T, Deshpande VS and Wadley HNG. Mechanical 
response of carbon fiber composite sandwich panels 
with pyramidal truss cores. Composites. Part A, Applied 
Science and Manufacturing. 2013; 47:31-40.  

 

[31] Caprino G, Spataro G and Del Luongo S. Low-velocity 
impact behavior of fibre glass-aluminium laminates. 
Composites. Part A, Applied Science and Manufacturing. 
2004; 35(5):605-616.  

 

[32] Khalili SMR, Mittal RK and Kalibar SG. A study of the 
mechanical properties of steel/aluminium/grp 
laminates. Materials Science and Engineering A. 2005; 
412(1-2):137-140.  

 

[33] Afaghi-Khatibi A, Lawcock G, Ye L and Mai Y-W. On the 
fracture mechanical behaviour of Fibre Reinforced Metal 
Laminates (FRMLs). Computer Methods in Applied 
Mechanics and Engineering. 2000; 185(2-4):173-190.  

 

[34] Alderliesten RC and Benedictus R. Fiber/metal 
composite technology for future primary aircraft 
structures. In: 48th AIAA/ ASME/ASCE/AHS/ASC 
Structures, Structural Dynamics, and Materials 
Conference; 2007; Honolulu. Reston: AIAA; 2007. p. 1-
12. Chang PY, Yeh PC and Yang JM. Fatigue crack 
initiation in hybrid boron/glass/aluminium fiber metal 
laminates. Materials Science and Engineering A. 2008; 
496(1-2):273-280.  

 

[35] Husain Mehdi  Shivam Sharma, Mohd Anas, The 
Influences of Variation of Copper Content on the 
Mechanical Properties of Aluminium Alloy, International 
Journal of Material Science Innovations, vol 3, issue 3, 
74-86, 2015. 

 

[36] Vipin Kumar, Husain Mehdi, Arpit Kumar, Effect of 
Silicon content on the Mechanical Properties of 
Aluminum Alloy, International Research Journal of 
Engineering and Technology, vol 2, issue 4, 74-86, 2015. 

 
 
 
 
 
 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 04 Issue: 11 | Nov -2017                    www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 6.171       |       ISO 9001:2008 Certified Journal       |   Page 550 
 
 

BIOGRAPHIES 
 

Anil Kumar has done his M.Tech 
(Machine Design) from Thapar 
University, Punjab, India. Now he is 
lecturer in the Department of 
Mechanical Engineering towards the 
growth of professionally managed 
organization Bule Hora University, 
Ethiopia, past 2 years. His core area of 
interest is CAD/CAM, Machine design.  

 
 

Arshad Mehmood has done his 
M.Tech (Machine Design) from 
Aligarh Muslim University, Aligarh, 
(U.P), and India. Now he is a lecturer 
in the Department of Mechanical 
Engineering towards the growth of 
professionally managed Organization 
University of Buraimi, Sultanate of 
Oman, past 3 years. His core area of        
interest is Machine design, Material 
Science and Solar Energy. 

 
 
 
 


