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Abstract— The objective of this research was to gain a better 

understanding of processing and Inter laminar shear strength 

(ILSS) of carbon fiber reinforced epoxy matrix composites. 

Advanced composite structural materials such as continuous 

fiber reinforced polymer matrix composites offer significant 

enhancements in variety of properties, as compared to their 

bulk, monolithic counterparts The effect of fiber orientation 

of laminates has been investigated & experimentation was 

performed to determine property data for material 

specifications, the laminates were obtained by hand layup 

process.Studies have been carried out to evaluate inter 

laminar shear behavior of carbon fiber reinforced, epoxy 

matrix composite. Short beam shear (SBS) tests were 

conducted to characterize the influence of fiber orientation in 

the inter laminar shear strength (ILSS). Experimental details, 

specimen configuration, data acquisition and processing are 

presented in detail. The present study reveals the importance 

of alignment of fiber and its effects on ILSS properties and 

nature of deformation under shear loading conditions. 
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I. INTRODUCTION 

Polymers are particularly attractive as matrix materials 

because they are easily process able and their density is 

comparatively low when compared to other materials. They 

exhibit excellent mechanical properties[1]. High-temperature 

resins are used as composite materials are currently used in 

the manufacture of high-speed aircrafts, rockets and other 

related space and electronics[2]. The use of composite 

materials for engineering purposes has conquered 

considerable importance in several segments of industry[3]. 

This is due to the fact that this class of materials makes 

possible the synergy between components of structure, giving 

to the material, as a result, an assemblage of inherent 

properties and attributions, economical, environmental, etc., 

more interesting than the original components The 

reinforcements share the major load especially when a 

composite consists of fiber reinforcements dispersed in a 

weak matrix (e.g., carbon/epoxy composite), the fibers carry 

almost all the load. The strength and stiffness of such 

composites are, therefore, controlled by the strength and 

stiffness of constituent fiber[4]. Advanced materials have 

assumed significant technological importance in applications 

areas such as structural materials in recent years due to the 

demand for efficient working and enhanced mechanical[5] 

properties.  

Among several ways to achieve the above 

mentioned properties, processing of material based on fiber 

reinforcements has been the most effectiveContinuous fiber – 

reinforced polymer matrix composites have been used 

successfully in many industries such as aerospace, 

automobile, marine, military, etc., their inter laminar shear 

strength (ILSS) is usually one of the most common limiting 

design characteristic[6,7].  

Improving ILSS has long been an important goal in 

the fiber reinforced composites field, and to this end different 

approaches have been tried[8]s. Some of the more effective 

attempts have been weaving fibers in the thickness direction 

or using Z-pins to connect the laminate have been carried out 

by investigator [9] have reported that these techniques are 

labor intensive and require additional manufacturing 

processes that can greatly increase the cost of the resulting 

components. Hsiao et al have explored other ways toimprove 

the ILSS by resorting to the reinforcement of nanoparticles 

and carbon nanotubesThe influence of fiber orientation and 

fiber content of an epoxy resin components on mechanical 

prosperities the main aim of the present investigation was to 

study the influence of fiber orientation on mechanical 

properties[10]. 

II. EXPERIMENTAL 

A. Materials: 

In this present study LY556 epoxy resin and Arald K6 

hardener were used as matrix system. In all structural PMC’s 

epoxy resin is invariably used as a matrix because of its 

modulus, chemical inertness and dimensional stability 

Carbon fiber T300 is used as reinforcing material. The 

synthesis was concluded by Filament winding technique 

B. Material processing:  

The materials required for the fabrication are prepared 

according to requirements. The primary constituents are the 

reinforcement and matrix phase. For the preparation of a 

lamina with carbon fibers reinforcements, roving is the 

reinforcement with outside payoff  is mounted on to creel 

stand from which the fiber roving is passed out. The epoxy 

resin is the primary constituent in the laminate, which is the 

matrix phase of the composite the hardener acts as a initiator 

or catalyst for the curing to take place for the formation of 

laminate. The diluent decreases the viscosity of the resin so 

that the resin can be impregnated on to a fiber with ease The 

tension required for the fibers is provided at the creel stand so 

that the winding process can be carried out without any 

problem of lose fibers while winding. The resin mixture with 

the basic constituents of epoxy resin and hardener is prepared 

for the fabrication process. The epoxy resin, hardener and 

diluents are measured separately in a small beaker according 

to the requirement and re thoroughly stirred. The ratio at 

which the constituents are mixed at 100:27 parts by weight. 

To prepare the resin mixture all the things required are 

cleaned thoroughly with acetone to remove the dirt from the 

apparatus. 
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The epoxy resin mixture is then poured into the bath 

of 2 liter capacity in which the carbon fiber is impregnated 

with the resin mixture the carbon fiber roving is mounted on 

the creel stand as shown in Fig.1 passed through the 

provisions provided with a tension applied through resin bath 

on to the filament winding machine where the drum used for 

the winding process. The resin bath consists of a drum, a 

comb, a doctor blade and scraper blade.  

The doctor blade maintains a uniform thickness of 

resin over the drum and the fiber is passed over the drum that 

is partially immersed in the resin mixture. The drum rotates 

as the fiber is passed over the drum that partially takes resin 

on to its surface and impresses the carbon fiber with resin. 

The scraper blade, which is placed after the drum, removes 

the extra resin from the fiber so that there is a uniform resin 

distribution over on to the fiber these fibers are wound on the 

filament winding lathe on a cylindrical drum and are cut to 

form a sheet. This sheet is cut into several pieces depending 

upon the required orientations and the number of plies fig.2  

The tool is then placed in a hydraulic press under a 

pressure of 10 bar for the extraction of undesirable resin along 

with the exposure to a second environment with a multi-step 

increase of temperature with 90oc for one hour, 120o c for 2 

hours, 140oc for 2 hours and 160oc for next 2 hours. The time 

of polymerization for all samples was 360 min at various 

temperatures after samples were formed; test specimens were 

cutout as per ASTM D2344 standard, which were tested. 

 
Fig. 1: Creel Stand and Resin Bath 

 
Fig. 2: Filament Winding Process 

C. Inter laminar shear strength: 

The short beam shear test is used to determine Inter laminar 

shear strength of the composite material. The tests were 

conducted as per ASTM D 2344-00. The test were performed 

using three point bend flexure test set up as shown in 

figure.3.Mounted on a 10 ton capacity MTS machine, at a 

crosshead displacement of 2.00 mm/min. The force was 

recorded and ILSS was calculated as below as per ASTM 

D2344/ASTM D 2344M. Short Beam Shear is used to 

determine inter laminar shear strength of parallel fibers. It is 

applicable to all types of parallel fiber reinforced plastics and 

composites. The data can be used for research and 

development purposes concerned with interply strength, or 

prove useful in comparing composite materials. The 

thickness and width of the test specimen are measured before 

conditioning. The specimen is placed on a horizontal shear 

test fixture so that the fibers are parallel to the loading nose. 

Calculations are performed to determine shear strength. 

 
Fig. 3: UTM and 3Point Bend Test 

Standardized test methods are the three-point-

bending tests according to ASTM D2344 for apparent Inter-

laminar shear strength of Parallel Fiber composites by Short-

Beam-Shear(SBS). In this test span length is 6 times the 

thickness because lower span length produces shear between 

the laminas during bending in SBS, the total load increases 

proportionally with deformation, until a peak load is reached. 

If the load drop by 30% or more immediately after the peak 

load is reached, it is assumed that the specimen failed in 

lamina shear and peak load is used to determine the apparent. 

ILSS = 0.75*F/b*d 

Where, 

F = Breaking load, 

b = width and 

d = thickness of the specimen. 

All layers may have different properties depending 

upon the selection of fibers in lamina as well as its orientation. 

III. RESULTS AND DISCUSSIONS 

For the sake of accuracy in determination of Inter laminar 

shear strength, four specimens were tested experimentally in 

both longitudinal and transverse orientation of fibers, 

conforming to ASTM standard D2344. For each specimen, 

the initial dimensions were carefully measured, and then 

maximum load (F), i.e. the force causing the shear stress in 

the specimen, was determined by means of the Universal 

Testing Machine. Based upon this value, the geometry of the 

tested specimen and using the above equation, the Inter 

laminar shear strength is found. 

A. Inter laminar shear Strength in Longitudinal 

Orientation: 

Test results for carbon fiber reinforced composites in 

longitudinal orientation is as shown below 

Specim

en 

Widt

h 

(mm

) 

Thickn

ess 

(mm) 

Leng

th 

(mm) 

Maxim

um 

Load(N

) 

ILSS 

(M Pa) 

ILSS1 
10.7

7 
5.32 61.21 134 

55.98885

79 

ILSS2 
10.2

4 
5.86 61.21 146.4 

64.33593

75 

ILSS3 
10.9

8 
5.77 61.21 168.1 

68.89344

26 
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ILSS4 
10.8

1 
5.69 61.21 148.2 

61.69287

69 

Table 1:  ILSS values of various carbon fiber reinforced 

composite specimens in longitudinal direction 

B. Inter laminar shear Strength in Transverse Orientation: 

Test results for carbon fiber reinforced composites in 

Transverse orientation is as shown below 

Specim

en 

Widt

h 

(mm

) 

Thickn

ess 

(mm) 

Leng

th 

(mm) 

Maxim

um 

Load(N

) 

ILSS 

(MPa) 

ILSS 

T1 

10.6

6 
5.66 61.21 13.9 

5.867729

83 

ILSS 

T2 

10.3

9 
5.56 61.21 17.6 

7.644787

64 

ILSS 

T3 

10.4

4 
5.56 61.21 25.5 

10.99137

93 

ILSS 

T4 

10.0

1 
5.61 61.21 14 

6.293706

29 

Table 2:  ILSS values of various carbon fiber reinforced 

composite specimens in transverse direction 

C. Effect of directionality: 

 
Fig. 3: Load vs. Displacement data of both longitudinal and 

transverse specimens 

From the above plots showing Load Vs 

Displacement for both directions, some of the points are 

derived such as the composite material in longitudinal 

direction possesses significant Inter laminar shear strength 

when compared to transverse direction. This is attributed to 

the presence of fibers and their participation in strength 

enhancement as crack path obstacles the material in 

transverse direction yields poor results due to the direct 

matrix cracking. The failure of the material in longitudinal 

orientation has taken over a wider displacement range(0-

4mm).But in the case of transverse specimen the failure takes 

place in narrow displacement range (0-1.1mm). The load 

bearing capacity of longitudinal specimens (146N) are 

significantly higher as compared with transverse specimen 

(17.6N).A clear distinction can be observed in the flexural 

strength values in both the alignments, where longitudinal 

directions of fibers dominate. 

D. Factography: 

 

 
Fig. 4: SEM results of longitudinal specimens 

 

 
Fig. 5: SEM results of Transverse specimens 

All the above results were correlated by using 

scanning electron micrographic study. Fig.5 clearly shows 

that crack propagation is perpendicular to the orientation of 

fibers. It is also observed that some degree of fiber pullout 

and good bonding between epoxy matrix and carbon fiber. 

This leads to higher values of flexural strength in longitudinal 

orientation. whereas in transverse orientation there is no 

resistance to the propagation of crack i.e. crack propagation 
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is along the length of the fibers fig.6. This resulted the lower 

values of flexural strength in transverse orientation 

IV. CONCLUSIONS 

The ILSS of longitudinal specimens is nine times higher as 

compared to transverse orientation of fibers. This is due to 

failure resistance offered by the fibers in longitudinal 

orientation, where as in transverse orientation matrix bears 

the load which resulted in marginal values. 

From the factographs, it is found that the 

significantly higher values in longitudinal orientation due to 

the crack bridging mechanism i.e., fiber pullout during 

failure.  

It is also found that there is good bonding between 

epoxy matrix and carbon fibers. 
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