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Abstract:  Fiber reinforced plastics (FRP) materials are susceptible to impact damage. So 

impact testing has been done to study the effect of impact because a little impact can lead to 

catastrophic failure in marine or aerospace where these materials are being used. These 

materials have also resistance to corrosion along with weight saving properties. In this paper, 

comparison of experimental and theoretical values for mean energy absorbed in FRP materials, 

using izod test is presented for notch radii of 0.25 mm, 0.5 mm and 0.75 mm. The experiment 

shows that the experimental (actual) absorbed energy is less than the theoretical absorbed 

energy. Energy absorbed by a test sample decreases with increase in notch radius.  Results also 

show that the energy absorbed by the specimen reduces by approximately 10 % when the 

notch radius is doubled. 
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1.      Introduction 

Fiber reinforced plastics (FRP) composite materials are very useful in marine environment 

mainly due to their ease of forming of double-curvatures, corrosion and rot resistance, high 

specific material properties in addition to their weight-saving properties. Such properties of 

the FRP materials make them suitable for aerospace applications. However, these materials 

are very susceptible to impact damage. Since, impact is a serious concern with the use of FRP 

materials,efforts are being made to produce more damage tolerant resins. Impregnating the im

proved fibers with the new damage resistant resins that can withstand larger impact energy 

before material damage occurs. Low-velocity instrumented impact methods have proven to be 

useful in study of damage tolerance of composite materials. 

Cross-sectioning of the specimen through the damage zone has also been proven to yield 

practical information. By utilizing the destructive analysis technique, the impact energies of 

the damage FRP material can be identified. The results obtained after tests provide significant 

information for a designer. They help to establish the safe boundaries where a composite part 

or structure can be used after an impact that does not cause rupture on a single event. Carbon 

Fibers are among the highest strength and modulus materials known so far.  
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The standard tests for impact strength of material include charpy test, izod test, drop 

weight impact test, chip impact test and compression after impact.  An engineer needs to know 

that the material will survive in the specified conditions.  Important factors which affect the 

toughness of a structure include low test temperatures, extra loading and high strain rates due 

to wind or impacts and the effect of stress concentrations such as in notches and cracks.  These 

all tend to encourage fracture.  To some extent, the complex interaction of these factors can be 

included in the design process by using fracture mechanics theory. Such full scale tests are 

extremely expensive and are very rarely conducted.  Fracture mechanics is also a fairly recent 

development in engineering design, and measurement of the fracture toughness parameters 

that are required to perform a structural integrity assessment during the design process is quite 

time-consuming and expensive.  

Chung-Yue and Ching [1]
 
investigated a low velocity impact damage model for the quasi-

symmetric graphite fiber composite plates. The damage distribution in composite plate layers 

has been calculated, using failure theories i.e., Di Sciuva’s theory and Hashin’s failure 

criterion. In the analysis, the material was regarded as damage when its designed strength was 

reduced by the failure of its constituents. The constituent’s failure consisted of matrix 

cracking, fiber breakage and delimitation between layers. Interaction between layers and its 

role in damage propagation were also studied. Lance and Nettles [2] carried out an impact test 

on new composite prepreg system and compared the results with earlier generation fiber/ resin 

system.  

Park et al. [3]
 
described post impact aging of fiber reinforced polymer composites in the 

marine environment and its effect on the residual properties of the composites has been 

investigated experimentally. The study uses a split Hopkinson pressure bar to apply low 

velocity impact on the specimens and monitored the responses. A portion of impacted 

specimens were subjected to salt water aging and their performance is compared with that of 

non-aged specimens. The residual properties of the specimen are measured through ultra sonic 

and quasi-static mechanical tests. It was found that effect of aging is more pronounced as a 

degree of impact induced damage increases.  

Morais and Godefroid [4] experimented on different fiber (aramid, glass and carbon) with 

low energy impacts and they showed that carbon fiber composites have better performance 

than the glass and aramid composites. Richard and Janet [5] worked on BPI damaged ballistic 

material to study actual degree of damage using manual and automated C-Scan images. 

Ballistic protective inserts damaged by mishandling and in the “as manufactured” condition 

were tested and manual and automated C-scan images were found. Both the images revealed 

clear differences between damaged and undamaged samples. 

Suther and Guedes [6]
 
performed drop weight impact tests to find three damage stages un-

delaminated, delaminated and fiber damage. They emphasized that the impact response must 

be characterized before mathematical modeling. Silvam and Cismasiu [7] performed 

experiments on thin composites laminated plates reinforced with Kevlar-29 and compared 

with simulated results. Ballistic impact was imparted with simulated fragments, designed in 

accordance with STANAG-2920 plates of different thickness. Good correlation between 

simulated and experimental results was achieved both in terms of deformation and ‘damage of 

laminate’. 

In this paper, the damage assessment of fiber reinforced plastic due to impact has been 

studied and results are compared with theoretical results. In order to study the effect of notch 
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radius on impact energy, various experiments have been preformed. The microscopic failure 

analysis is also carried out using Scanning Electron Microscope (SEM) and new port 

microscope.  

2.  Procedure 

The specimen is broken by the impact of a heavy pendulum hammer, falling through a fixed 

distance (constant potential energy) to strike the specimen at a fixed velocity (constant kinetic 

energy). Tough materials absorb a lot of energy and brittle materials absorb very little energy 

when fractured. The impact energy measured by the izod test is the work done to fracture the 

specimen. On impact, the specimen deforms elastically until yielding (plastic deformation) 

takes place, and a plastic zone develops at the notch. As the test specimen continues to be 

deformed by the impact, the work hardening of the test specimen in the plastic zone will take 

place. This will increase the stress and strain in the plastic zone until the specimen fractures. 

The izod impact energy therefore includes the elastic strain energy, the plastic work done 

during yielding and the work done to create the fracture surface. The elastic energy is usually 

not a significant fraction of the total energy, which is dominated by the plastic work.  

3. Experimentation  

An impact test is a dynamic test in which a selected specimen, usually notched is struck and 

broken by a single blow in a special designed machine. Using an impact machine, the energy 

absorbed while breaking the specimen is measured. 

3.1  Specifications of Sample Specimen 

The specimens are prepared from sheet of FRP material having uniform thickness. The sheet 

has been inspected visually to identify defect such as face de-bonds and core failures. The size 

of specimen for izod test is 75 mm× 10 mm× 4 mm and 15 samples have been used for 

experimentation. These experiments have been performed for notch radius of 0.25 mm, 0.50 

mm and 0.75 mm.  An impact testing machine has a hammer weighing 216.4 N is used for 

izod test. At striking edge a drop height (a) of 0.95 meter is used for izod test. The length of 

the striking arm (R) of 0.85 meter is used. Three different specimens that are made of same 

material but having different radii of notch were tested to observe the effect of the notch 

radius on the amount of energy absorbed during impact. Work piece material used for this 

study is fiber reinforced plastic and its properties are shown in Table 1. 

Table 1: Properties of FRP material used for experiment 

 

Type Of Fiber E glass 

Tensile Strength 415 MPa 

Tensile Modulus 25 GPa 

Flexural Strength 480 MPa 

Flexural Modulus 18 GPa 

Dielectric Constant 6 at 60 Hz 

Dielectric Strength 18 kV/mm 

Density 2 g/cc 

Volume Fraction 65 % Fiber, 35 % Resin 
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3.2  Experimental Procedure 

To conduct the impact test following steps have been followed: 

(i) Obtain and measure the specimens. 

(ii) Position and fix the specimen on the anvil. 

(iii) Set pendulum in a raised position. 

(iv) Set pointer on upper limit of the scale. 

(v) Release pendulum. 

(vi) Record all results. 

(vii) Examine fracture surfaces with the help of Scanning Electron Microscope (SEM) 

and analyze these surfaces. 

3.3  Experimental Results 

Table 2 shows the results of various experiments for izod test and Table 3 shows the average 

(mean) observed energy for notch radii of 0.75, 0.50 and 0.25 mm. Five work pieces have 

been used for notch radii of 0.75, 0.50 and 0.25 mm each. 

Table 2:  Results obtained from izod test 

 

 

S.  

No. 

 

Material 

Absorbed 

Energy  

( Joules ) 

Notch 

Radius 

(mm) 

Specimen 

Dimensions 

(mm) 

 

Comments 

1 EP3 Grade IS - 101982 2 0.50 75× 10× 4  mm Remaining Ligament 

2 EP3 Grade IS - 101982 4 0.50 75× 10× 4  mm Remaining Ligament 

3 EP3 Grade IS - 101982 2 0.50 75× 10× 4  mm Remaining Ligament 

4 EP3 Grade IS - 101982 2 0.50 75× 10× 4  mm Remaining Ligament 

5 EP3 Grade IS - 101982 2 0.50 75× 10× 4  mm Remaining Ligament 

6 EP3 Grade IS - 101982 2 0.75 75× 10× 4  mm Complete Break 

7 EP3 Grade IS - 101982 3 0.75 75× 10× 4  mm Complete Break 

8 EP3 Grade IS - 101982 2 0.75 75× 10× 4  mm Complete Break 

9 EP3 Grade IS - 101982 2 0.75 75× 10× 4  mm Complete Break 

10 EP3 Grade IS - 101982 2 0.75 75× 10× 4  mm Complete Break 

11 EP3 Grade IS - 101982 2 0.25 75× 10× 4  mm Remaining Ligament 

12 EP3 Grade IS - 101982 4 0.25 75× 10× 4  mm Remaining Ligament 

13 EP3 Grade IS - 101982 2 0.25 75× 10× 4  mm Remaining Ligament 

14 EP3 Grade IS - 101982 2 0.25 75× 10× 4  mm Remaining Ligament 

15 EP3 Grade IS - 101982 4 0.25 75× 10× 4  mm Remaining Ligament 
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Table 3: Average observed energy for different notch radii 

 

Material Number of 

Specimens 

Notch Radius Mean Absorbed 

Energy (J) 

EP3 Grade IS - 101982 5 0.75 2.2 

EP3 Grade IS - 101982 5 0.50 2.4 

EP3 Grade IS - 101982 5 0.25 2.8 

3.4  Theoretical v/s Experimental Results 

Experimental values of mean energy absorbed in izod test for various notch radii have been 

compared with theoretical values for mean energy absorbed for different values of notch radii 

as shown in Table 4.  

Table 4:  Theoretical and experimental mean observed energy for various notch radii 

 Mean Absorbed Energy 

(Jules) 

Material Notch 

Radius 

Theoretical Experimental 

EP3 Grade IS - 101982 0.75 3.62 2.2 

EP3 Grade IS–101982 0.50 4.16 2.4 

EP3 Grade IS - 101982 0.25 6.53 2.8 

 

4.  Concluding Remarks 

 

The results obtained from the experiments can be summarized as under: 

• Experimental (actual) absorbed energy is less than the theoretical absorbed energy, as 

shown in Table 3. 

• The energy absorbed by a test sample decreases with increase in notch radius, as 

shown in Table 2. 

• Tables 1, 2 and 3 show that the energy absorbed by the specimens reduces by 

approximately 10% when the notch radius is doubled.  

 

The energy absorbed by a test sample decreases with increase in notch radius. 

Experimental results also show that the energy absorbed by the specimen reduces by 

approximately 10% when the notch radius is doubled. The total percentage breakage in all 

specimens with notch radius of 0.75 mm is 100 % and for notch radius of 0.5 mm, it is 

80%. Experimental (actual) absorbed energy is less than the theoretical absorbed energy. 

This is because; actual losses are more than the theoretical losses and it is not possible to 

measure all the losses by theoretical relations. That’s why there is variation in the mean 

absorbed energy. The energy absorbed reduces with increase in notch radius because with 

increase in notch radius the stress concentration increases. So energy required to damage 

the sample is low for large notch radii. 

Specimens with high notch radius have been broken into two halves compared to specimen 

with lower notch radius because; as the notch radius increases, it promotes brittleness. 
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Although, this work can be extended for studying the influence of change in parameters like 

weight of pendulum, thickness of specimen and other parameters of interest.  
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