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Abstract - Glass fiber reinforced plastic GFRP composite materials are a feasible alternative to structural members that bear 
loads under different conditions. However, drilling of such composite materials generally tend damage the area around the 
drilled hole which thereby acts as a hindrance to their application. This hole in turn acts as a stress concentration layout for 
failure under dynamic loading. The present study is one such attempt to study the influence of drilling-parameters on the 
ultimate compressive strength of randomly oriented GFRP composite laminates of 70:30, 60:40 and 50:50 glass fibers and 
epoxy volume concentration. It was observed that material composition of 70:30 glass-epoxy yielded the maximum value for 
Ultimate compressive strength when compared to compositions of 60:40 and 50:50. It was also observed that value of 
compressive strength decreases with increase in speed. Mathematical models correlating ultimate compressive strength with 
the drilling parameters have been developed and are found to agree well with the experimental ones. 
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I. INTRODUCTION 
 
Applications for composite materials in the recent 
years have increased many folds. Techniques and 
methodologies involved in processing such composite 
materials are extensively different from those for 
metals. The manufacturing and machining of 
traditional materials like steel already include many 
standards; however the processing of composite 
materials is still in its development phase.  
Among manufacturing processes, hole-making 
operation is considered to be one of the most 
important for functionality of machined GFRP 
components. The use of GFRP (glass fiber reinforced 
plastics) repeatedly involves drilling of a large 
number of holes especially for structural joints 
mainly used in a small single engine aircraft [1]. Also 
in a large transport aircraft, millions of holes are 
drilled, for the purpose of fasteners such as rivets, 
bolts and nuts. In such cases, drilling becomes one of 
the most widely needed operations in machining of 
GFRP composite laminates. Assembly operations 
require drilling of holes. Drilling of composite 
materials is necessary to ascertain the structural 
integrity of complex composite parts. These 
composite when subjected to heavy loading after 
drilling operations have a tendency to sudden failure 
due the already inculcated residual stresses during 
machining. Therefore the ultimate strength is one 
such factor that can be determined for these types of 
specimens in order to predict their failure. 
Experimental endeavors, theoretical modeling, and 
optimization procedures are adopted for the common 
objective of determining ultimate strengths for the 
already machined specimens. Tagliaferri et al. [2] 
carried out the tensile testing of [0/90/±45] glass-
fiber-reinforced epoxy laminates with drilled holes 

and concluded that the tensile strength is not 
influenced by drilling induced damage.  However, 
bearing strength is shown to be affected by the 
drilling-induced damage in the form of micro cracks 
as stated by Capello et al. [3, 4]. The present study is 
a further attempt to investigate the influence of 
drilling-induced damage on the residual tensile 
strength of the uni-directional glass fiber reinforced 
plastic (UD-GFRP) composite laminates with drilled 
holes for a variety of solid carbide drill-point 
geometries under cutting conditions, varying speed 
and feed. 

 
II. MATERIALS AND METHODS 

 
The matrix material used was medium viscosity 
epoxy resin (LAPOX L-12) and room temperature 
curing polyamine hardener (K-6). This matrix was 
chosen, since it provides good resistance to alkalis 
and good adhesive properties. The reinforcement 
material employed was 7-mil E-glass fiber. The 
details of the material combination and their 
percentages are given in Table 1. 
 
2.1. Fabrication  
A hand lay-up technique was adopted to prepare the 
glass-epoxy composites. To prepare the filled glass-
epoxy composites, glass fibers were embedded into a 
known amount of epoxy resin. The laminate was 
cured at ambient conditions for a period of about 24 
hours. The cured materials are cut to yield CNC 
drilling test specimen of size of 
100mm×50mm×4mm. 
 
2.2. Plan of Experiments 
The Taguchi technique for the design of experiments 
is used for the plan of experiments with two factors at 
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three levels. A standard L9 orthogonal array was 
chosen with nine rows and four columns. The process 
parameters considered were cutting speed and feed 
rate. The experiment consists of nine tests 
corresponding to the number of rows and columns are 
assigned with the parameters. The first column is 
assigned to cutting speed, second column to feed rate. 
The factors considered in this experiment and their 
levels are as shown in Table 3.  

 

Table 1. Composition for Composite laminates. 

 
Table 1. Composition for Composite laminates. 

 
 

 
Fig.1. Compression test of a drilled specimen in UTM. 

 
The experiments were conducted as per the 
orthogonal array with level of parameters given in 
each row.  Initially the drilling tests are conducted by 
using 4mm 4-facet drill geometry. The ultimate 
compressive strength is then carried out using   
Universal Testing Machine (Instron 5582 model). 
 
III. RESULTS AND DISCUSSIONS 

 
3.1. Compression Tests 
It is observed from Fig. 2 that the ultimate 
compressive strength for various types of specimen 
glass-epoxy compositions varies for different 
combinations of speed and feed. The material 

composition of 70:30 glass epoxy yielded the 
maximum value for Ultimate compressive strength 
when compared to compositions of 60:40 and 50:50. 
The plausible reason for this could be due to the 
presence of higher percentage of high strength glass 
fibers embedded with epoxy matrix. Here, as the drill 
bit proceeds, there is extensive pull out of glass fibres 
which increases with higher fiber volume percentage. 
During this, a lot of glass fibers remain uncut that 
remain overhanging.  These uncut fibers require 
additional strength to breakdown thereby enhancing 
the required ultimate compressive strength of the 
composite specimen. 
The above figures also show the plot of ultimate 
compressive strength variations with respect to 
cutting speed and feed-speed for all the drilled 
specimens. It is observed that, the optimum value for 
feed rate is 15mm/min where the Ultimate 
compressive strength is maximum. However these 
trends vary with cutting speed; it is therefore very 
difficult to obtain the maximum ultimate compressive 
strength as no consistent results were obtained at 
different speed-feed conditions. It can be seen that 
generally the value of residual strength decreases 
with increase in speed. 
 

 

 
Fig.2. Variation of Ultimate Compressive Strength with respect 

to (a) cutting speed (RPM);  (b) feed rate (mm/min). 
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Fig.3. Drilling induced damage during a drilling process. 

 

 
Fig.4.Variation of between Delamination with (%) Fiber. 

 

 
Fig.5. Variation of ultimate compressive strength (MPa) for 

different values of Delamination. 
 
CONCLUSIONS 
 
The present study is an attempt to study the influence 
of drilling-parameters on the ultimate compressive 
strength of randomly oriented GFRP composite 

laminates of 70:30, 60:40 and 50:50 glass fibers and 
epoxy volume concentration. The findings include: 
 

1. The material composition of 70:30 glass-
epoxy yielded the maximum value for 
Ultimate compressive strength when 
compared to compositions of 60:40 and 
50:50. 

2. The value of compressive strength for all the 
material compositions was found to decrease 
with increase in cutting speed. 

3. Mathematical models correlating ultimate 
compressive strength with the drilling 
parameters viz. feed rate and cutting speed 
have been developed and are found to agree 
well with the experimental ones. 

4. High level of drilling induced damage was 
obtained for the higher composite specimen 
having higher fiber concentration i.e. 70% 
glass fiber and 30% epoxy.  This was due to 
the development of uncut fibers and resin 
which in turn increases the residual stress 
within the composite specimen. 

5. Increased residual strength caused a 
decrease in ultimate compressive strength 
making the composite specimen susceptible 
to failure.  
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