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Abstract: The in-plane shear strength is important parameter for specification of materials, research activities, 

assurance of quality and operational design. In-Plane shear properties are evaluated based on the orientation of the 

material coordinate system relative to the loading axis. The in-plane shear strength of Carbon and Kevlar epoxy non 

hybrid and hybrid composites was evaluated experimentally. The influence of stacking sequence and orientation in 

composites were reported. Laminated samples were fabricated by wet layup using vacuum bagging with a total of eight 

laminas by varying the position and orientation Carbon and Kevlar fabric layers in an epoxy matrix for obtaining of 

eight hybrid configured laminates along with the base Carbon and Kevlar epoxy composites. The volume fraction of 

fiber for all ten laminates is 36 ± 2%. Failure modes of all samples were studied. The results revealed that in-plane shear 

strength of laminates could be increased considerably by incorporation of stacking sequence with orientation of plies in 

order to meet our applications.     
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I. INTRODUCTION 

 
The range of application for two or more fiber reinforced composite materials remains at increase trend in the sector 

of Aerospace, Defence, Automotive and Industrial Engineering. A hybrid composite is a preferred material by 

combining the benefits of individual fiber into a single composite product. Today, attention has been taken by 

researchers on study on hybrid composites for enhancement of properties of composites. For developing hybrid 

composites, through understanding of mechanical properties composite materials is important [1]. After adding 

random glass fiber to unidirectional glass fiber composite, there was improvement in the in-plane shear properties [2].  

Based on the experimentation of Iosipescu on carbon-carbon composites with alternating felt and continuous fiber 

layers for three lay-ups, the in-plane shear modulus of zero-zero and zero-ninety layups is slightly higher than the 

value of unidirectional carbon fiber [3]. Results of an experimentation using standard V notched rail test fixtures 

indicated that important parameter effecting in-plane shear properties are material orientation and notch angle in glass 

epoxy composites [4]. As compared to Notch angle, more influence parameter is the material orientation on in-plane 

shear properties of glass epoxy composites. Also, it is highlighted that shear damage distribution directly be 

determined by material orientation of composites. The study on mechanical behavior of glass epoxy unidirectional 

composite material under in-plane shear loading at different temperatures indicated that the laminates behaves highly 

non-linear for all temperatures until final failures [5]. As temperature decrease, it was noticed that increase in both 

shear strength and stiffness by 32% and 70% respectively. Due to increasing of brittleness of epoxy matrix, there was 

decrease in the non-linear region for decreasing temperatures. The experimentation on tensile and compressive 

mechanical behavior of steel - nylon bidirectional mesh as reinforcement with polyester as binder [6], the study 

indicated that sample with higher steel content, could sustain greater loads irrespective of fiber orientations.  Sample 

with zero and ninety degree directions withstand greater load than in other orientations. For poor interfacial bonding, 

there was marginal change in compressive strength from 30 to 40% of steel content which resulted into large 

delamination and failure of samples. The results of uniaxial compressive study on Kevlar-glass and Carbon-glass 

epoxy composites indicated that there was no significant effect while positioning of glass fiber layers in the middle 
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and Kevlar or carbon fiber layers at the bottom and top than positioning of carbon or Kevlar fiber layers in the middle 

of the specimen and glass fiber layers at the bottom and top [7]. Also the carbon-glass hybrid composites yielded 

better compressive strength value up to 40% compared to the value of Kevlar-glass hybrid composites.   

There is a need of better shear test method to measure shear strength of composites. Numerous test methods are 

available for measuring shear properties, namely Tension of laminate (±450), Tension of an off-axis lamina, torsion 

of a unidirectional tube, Iosipescu shear of unidirectional laminae and cross ply laminates, rail shear of unidirectional 

lamina and picture frame test. The objective is to investigate the shear strength of non-hybrid and hybrid  composite 

of carbon and Kevlar woven fabric as a reinforcement materials and epoxy as a binder using shear test method of ±450 

in consideration of tensile loading mode as per ASTM D3518 [8]. 

II. FABRICATION OF SAMPLES 

 

Carbon twill woven fabric of 0.38 mm thickness, Kevlar plain woven fabric of 0.28 mm thickness and Epoxy are the 

materials used for the fabrication of composite laminates. Resin used here is epoxy LY556 and is mixed with hardener 

HY951 in the ratio of 10:1 (Guled et al, 2019, [9]) The samples were fabricated by wet layup using vacuum bagging 

with a total of eight laminas by varying the position and orientation Carbon and Kevlar fabric layers in an epoxy 

matrix in order to obtain eight hybrid laminates along with the base Carbon and Kevlar epoxy composites. During 

vacuum process of laminates, the pressure was kept about 645 mm of Hg for 4 hours at 23.50C. After completion of 

vacuum process, laminates were kept at room temperature to dry for almost 24 hours. Later, post curing was performed 

for all the laminates in the oven to enhance their mechanical properties. Total ten configurations as illustrated in Fig. 

1 used for the experimentations and investigations. The specimen is cut in such that fibers are in ± 450 in direction to 

the applied tensile loading. Selected fabrics are bi-directional, laminated samples C, H1, H2, H3, H4, H5 & K are 

oriented in 00 and 900. Orientation of ±450 was applied to second and seventh layer only and the remaining layers are 

00/900 for the samples H6, H7, H8 and H9. The volume fraction of fiber for all ten laminates is maintained at 36 ± 

2%. 

 

 

Color code of lamina: Carbon-black & Kevlar-yellow 

Fig. 1 Sequences and orientation of carbon and Kevlar layer 
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III. IN-PLANE SHEAR STRENGTH (IPSS) TEST  

 

The purpose of IPSS test is to derive the Ultimate shear strength as specified in ASTM D3518 and specimen size is 

250 mm x 25 mm as shown in Fig. 2. However, the specimen was cut in such that fibers are in ± 450 in direction to 

the applied tensile loading. Knowing the properties of material (ζ12) due to tensile loading is important in engineering 

designing. IPSS test was conducted at laboratory conditions at room temperature using Universal Testing Machine, 

Model TFU–C 1000 KN, serial No. 2012/169 and Machine capacity is 1000 KN. Loading rate (speed of cross head) 

is 2 mm/min. Specimen Length of 45 mm is inserted in each side of the Grip. All data output is collected through a 

data acquisition system.   

   

 
 

Fig. 2 Specimen used for IPSS test  

IV. RESULTS AND DISCUSSIONS 

 

The stacking and orientation of fibers plays important role in the hybrid composite to achieve desired results of in-

plane shear strength. From the literature survey, it was noticed that shear properties depends on percentage of volume 

of voids. At most care is taken during wet layup process to keep the percentage volume of voids by below 6% for all 

the laminates and percentage of volume of voids was calculated by knowing a theoretical and measured density. Air 

trapped between the plies during manufacturing leads to formation of voids which was observed through C- scan 

devices and typical image of C-scan for H4 configuration is shown in Fig. 3(a). Fig. 3(b) indicates an unreasonable 

formation of resin due to occurrence of micro-voids which are the points for of crack invitation. At certain areas where 

the resin did not bond with the reinforcement due to poor supply of resin or faster curing. Typical load–deflection 

curves and effect of loading on In-plane shear strength for carbon-reinforced epoxy composites (CFRP), Carbon- 

Kevlar/epoxy hybrid composites and Kevlar reinforced epoxy composites (KFRP) are shown in Fig. 4 and Fig. 6 

respectively. All the samples reveal identical and proportional behavior in the beginning as seen from the Fig 4. Just 

after proportional limit, it became non-linear due to gathering of matrix cracks. At the Peak, large stress drops occurred 

due to the failures of fibers by tension in the loading direction. At this time, visible cracks were observed at the weakest 

area. Beyond the peak point, the happening of pullout fibers by shear as seen from the Fig. 5 for sample H1. In-plane 

shear strength of all the considered samples is depicted in Table 1. It is observed that highest in-plane shear strength 

provided by sample H8 and lowest by sample H2. In-plane shear strength of sample H8 is almost 1.93 times more 

than that of sample C and 2.5 times more than Kevlar.  Fiber orientations and bonding interface between reinforcement 

and epoxy plays major role for improvement of in-plans shear strength of samples.   
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                              Fig. 3(a) Typical C-scan image of H4 sample                                            Fig. 3 (b) SEM image of Sample K 

 

 

 
Fig. 4 Load displacement curves for in-plane shear test carried out on samples 

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 3, 2019

ISSN NO: 2394-2886

Page No: 141



 
Fig. 5 In-Plane shear stress vs displacement plot for the sample H1 for illustration 

 
 

 
Fig. 6 Effect of fiber loading on compressive strength 
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Table 1 In-plane shear strength of CFRP, hybrid composites and KFRP 

Sample Load 

KN 

In-Plane Shear 

Strength  

MPa 

C 9.66 147.92 

H1 6.41 96.00 

H2 4.08 62.40 

H3 4.33 63.05 

H4 8.15 112.68 

H5 17.37 233.80 

H6 9.60 127.78 

H7 11.32 160.00 

H8 19.17 285.56 

K 7.83 112.71 

 
Typical failure modes in the test samples were examined after the test to study the influence of loading with quasi-

static strain rate. The tested samples show more or less same failure modes. It is important to note that the plies are 

subjected to a biaxial state of stress and not a pure shear. Along the shear plane, the normal stresses acts and leads to 

mixed mode fracture before the final failure. Prediction of true failure is difficult. The failure modes are captured 

during the testing for the C, H4 and H3 as shown in Fig. 7. The mixed mode failures observed after the test for the 

samples C, H1, H2, H3, H4, H5, H6, H7, H8 and K are shown in Fig. 8, Fig. 9 and Fig. 10.  

 
 
 
 

 
Fig. 7 Typical failure modes captured during testing (a) sample C (b) sample H4 (c) sample H7 
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Fig. 8 mixed mode (crushing at edges, inclined crack across sample width, delamination and fibers pullout) failures  

(a) sample C (b) sample H1 (c) sample H2 (d) sample H3 

 

 
Fig. 9 mixed mode (crushing at edges, inclined crack across sample width, delamination and fibers pullout) failures  

(a) sample H4 (b) sample H5 (c) sample H6 (d) sample H7 

 

 

 
Fig. 10 mixed mode (crushing at edges, inclined crack across sample width, delamination and fibers pullout) failures  

(a) sample H8 (b) sample K 
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V. CONCLUSIONS  

 

Based on the experimentations of in-plane shear test for the samples with variation of sequence and orientation of 

Carbon and Kevlar fabric layers in an epoxy matrix, it is noticed that highest in-plane shear strength provided by 

sample H8 and lowest by sample H2. In-plane shear strength of sample H8 is almost 1.93 times more than that of 

sample C and 2.5 times more than Kevlar. In-Plane shear strength increase trend of the samples is written as H2 > H3 

> H1 > H4 > K > H6 > C > H7 > H5 > H8. Fiber orientations and bonding interface between reinforcement and epoxy 

plays major role for improvement of in-plans shear strength of samples. Due to the presence of normal stresses along 

the shear plane causes for mixed mode fracture before the final failures of the samples. The prediction of true failure 

of sample under IPSS test is difficult as mixed mode combines the failures due to material crushing at the edges, 

occurrence of inclined crack across the sample width, delamination and fibers pullout. 
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