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Abstract— the purpose of this research is based on the 
investigation of the use of short fibres in structural 
concrete to enhance the mechanical properties of 
concrete. The objective of the study was to determine 
and compare the differences in properties of concrete 
containing no fibres and concrete with fibres, as well as 
the comparison on the effects of different volume of 
fibres to the concrete. This investigation was carried out 
using several tests, which included workability test, 
compressive test, split tensile test and flexural test. 
 
A total of five mix batches of concrete containing 0%, 
0.25%, 0.5%, 0.75% and 1.0% fibre volume dosage rate 
on carbon fibres were tested to determine the 
enhancement of mechanical properties of concrete. The 
workability of concrete significantly reduced as the 
fibre dosage rate increases. This was assessed through 
standard slump test. Results of compressive strength 
test indicated that the use of fibre in concrete increase 
the strength and help in early strength gain. In flexural 
and split tensile test showed specimens with fibres that 
drastic increase in strength from specimens without 
fibres.  
The usage of fibres were fully utilized in split tensile test 
as the fibres don’t allow splitting of concrete specimens 
after the first crack. Flexure test results showed us that 
the concrete with fibres didn’t have brittle failure after 
first crack and the concrete could take further load 
after first crack indicating increase in ductility of 
concrete. 
As to create a cost efficient fibre reinforced structure, 
these changes on fibres are vital to the design and 
construction. However, further investigations are 
recommended and could be carried out to understand 
more mechanical properties of fibre reinforced 
concrete.   
 

Keywords—Fibers, Chopped Carbon Fiber, Fiber 
reinforced concrete, The minimum or critical fibre 
volume dosage rate, fibres volume dosage. Split tensile 
test. 

I. INTRODUCTION 
Fibre Concrete is acknowledged to be a relatively brittle 
material when subjected to normal stresses and impact 
loads, where tensile strength is only approximately one 
tenth of its compressive strength. As a result for these 
characteristics, concrete member could not support such 
loads and stresses that usually take place, majority on 
concrete beams and slabs.  

 

Figure 1: Types of fibres available in market.  

In the early stage of fibre development, steel and glass 
fibres with geometry of straight and smooth were used, as 
these fibres improve in ductility, flexural strength and 
fracture toughness of concrete matrix P

 [1, 2, 3]
P. Figure 1 shows 

various fibres available in market. The primary factors that 
controlled for this composition were fibre volume fraction 
and length/diameter. However, the problems faced were 
difficulty in mixing and workability. Fibres that are long 
and at higher volume fractions were found to ball up during 
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the mixing processP

 [8]
P. The process called ‘balling’ occurs, 

causes the concrete to become stiff and a reduction in 
workability with increased volume dosage of fibres. This 
has a tendency to influence the quality of concrete and 
strength.P

 [4, 6, 15] 
The introduction of fibres was brought in as a solution to 
develop concrete in view of enhancing its flexural and 
tensile strength, which are a new form of binder that could 
combine Portland cement in the bonding with cement 
matrices P

 [5, 13, 19] 
P.Fibres are most generally discontinuous, 

randomly distributed throughout the cements matrices. The 
term of ‘Fibre reinforced concrete’ (FRC) is made up with 
cement, various sizes of aggregates, which incorporate with 
discrete, discontinuous fibres. P

[7, 9, 14] 

II. CARBON FIBER DETAILS. 

Table 1.Properties of carbon fibres Short pitch chopped 
carbon fibres: (source: Ramesh carbon suppliers) 
 
These fibres with different volume fractions have been 
used in this study to study the effect of short chopped 
carbon fibres on mechanical properties (compressive 
strength, splitting tensile strength and flexural strength) of 
concrete. Carbon fibre, is a material consisting of fibres 
about 5–10 μm in diameter and composed mostly of carbon 
atoms. 
To produce carbon fibre, the carbon atoms are bonded 
together in crystals that are more or less aligned parallel to 
the long axis of the fibre as the crystal alignment gives the 
fibre high strength-to-volume ratio (making it strong for its 
size). Several thousand carbon fibres are bundled together 
to form a tow, which may be used by itself or woven into a 
fabric.P

[10, 11, 13] 
The properties of carbon fibres, such as high stiffness, high 
tensile strength, low weight, high chemical resistance, high 
temperature tolerance and low thermal expansion, make 
them very popular in aerospace, civil engineering, military, 
and motorsports, along with other competition sports. 

However, they are relatively expensive when compared to 
similar fibres, such as glass fibres or plastic fibres.P

 [10, 12] 
III. EXPERIMENTAL WORK 

A. The minimum amount  
Carbon fibres should add in the concrete mix was therefore 
0.2% by volume. The value obtained corresponds to the 
minimum volume percentage used in the past research.P

 [16]
P 

To alter and further the effects of fibre reinforced concrete, 
fibre dosage rates of 0.25%, 0.5%, 0.75% and 1.0% by 
volume were selected. Summary of Mix design in table no 
2.P

[17, 18, 19]
P. As a result, a total of 5 mix batches were 

required for this project, which involves 4 different 
volumes of carbon fibres and a control mix batch. From 
current information, when fibre volume dosage is around 
2%, the concrete is not workable and too stiff. 

B. Summary Of Mix Design 
GRADE M40 
SLUMP 25mm -75mm 

A/C 3.6 
W/C 0.4 
F.A. 47% 

C.A.-I 16% 
C.A.-II 37% 

Table 2: Summary of mix design 

IV. FIBER VOLUME DOSAGE RATE AND MIX BATCHES AND 
VOLUME AND WEIGHT OF CARBON FIBRE 

Carbon fibers 
(%) 

Volume of fibers 
(in lit) 

Weight of 
fibers(in kg) 

0.00% Control mix 
0.25% 2.5 0.875 
0.50% 5 1.75 
0.75% 7.5 2.625 
1.00% 10 3.5 

Table 3 Carbon fibres by weight required per cum. of 
concrete. 

V. PRACTICAL WORK 

 

Carbon Fiber Chopped  GC-700T-PU6  
Chop Length                 mm 
Carbon Content             % 
Electrical Resistivity     Ω.cm  
Elongation                     %   
Tensile Strength            MPA  
Tensile Modulus            Gpa 
Bulk Density                  g/liter  
Filament Diameter         um  
Sizing agent  Poly urethane   % 

6 
95 

1.6 X 10P

-3 
1.8 

4,300 
230 
350 

7 
1.2 



Figure 2 chopped Carbon fiber sample 

 
Figure 3 Drying of River sand before sieve analysis. 

 
Figure 4 : Compacting cube using rubber hammer & 

 
Figure 5: Slump measuring during concrete trails.  

  

VI. RESULTS AND DISCUSSION. 

 
Chart 1 Compressive strength of concrete at 1d, 3d, 7d & 
28d for different volume dosage of carbon fibers  

 
Chart 2. Percentage of compressive strength attained with 
respect to compressive strength of control mix at 28 days  
 

Chart 3  flexural strength of concrete at 1d,3d,7d & 28d for 
different volume dosage of carbon fibers. 

Chart 4. Percentage of flexural strength attained with 
respect to compressive strength of control mix at 28 days  
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Chart 5 Split tensile strength of concrete at 1d, 3d, 7d & 
28d for different volume dosage of carbon fibers  

chart 6 Percentage of split tensile strength attained with 
respect to compressive strength of control mix at 28 days  

Chart 7. Average slump height vs. fiber volume dosage rate 
of each batch. 

VII. RESULTS DISCUSSION AND CONCLUSION  
The comparisons of mechanical properties and 

behaviour include the workability, compressive strength, 
indirect tensile strength and flexural strength. With the 
discussions and results obtained from the experimental 

tests, it is clearly to know the effect of carbon fibres used in 
the structural concrete. 

A. Compressive Strength (Chart 1 & 2) 
It is observed that the rate of increase is higher when the 
volume dosage rate exceeds 0.5%.Maximum compressive 
strength of 69.9 MPa is observed at fibre volume of 1.00% 
which indicates an increase of 19.4 MPa when compared 
with control mix. 
 
The percentage increase in compressive strength at 
different fibre volume rate with respect to control mix. A 
linear percentage increase in strength is over served up to a 
fibre volume of 0.75%.The percentage increase in strength 
is higher when the fibre volume is increased from 0.75% to 
1.00%.There is an increase of about 38.5% in compressive 
strength at 1.00% fibre volume dosage as compared to 
control mix. The percentage compressive strength gained 
with respect to the compressive strength gained by control 
mix at 28 days .This bar graph shows us that concrete with 
fibres at 1.00% volume dosage gain equal strength to the 
strength of control mix at 28 days in 7 days. The strength of 
concrete having carbon fibres at 0.75% also is seen to gain 
95% strength of control mix at 28 days in 7 days. Hence 
this shows that concrete with carbon fibres at volume of 
0.75% can be used economically where faster rate of 
construction is required. 
 

B. Flexural Strength (Chart 3 & 4) 
The percentage increase in compressive strength at 
different fibre volume rate with respect to control mix. A 
linear percentage increase in strength is over served up to a 
fibre volume of 0.75%.The percentage increase in strength 
is higher when the fibre volume is increased from 0.75% to 
1.00%.There is an increase of about 38.5% in compressive 
strength at 1.00% fibre volume dosage as compared to 
control mix. 
 
The percentage compressive strength gained with respect to 
the compressive strength gained by control mix at 28 
days .This bar graph shows us that concrete with fibres at 
1.00% volume dosage gain equal strength to the strength of 
control mix at 28 days in 7 days. The strength of concrete 
having carbon fibres at 0.75% also is seen to gain 95% 
strength of control mix at 28 days in 7 days. Hence this 
shows that concrete with carbon fibres at volume of 0.75% 
can be used economically where faster rate of construction 
is required.  

C. Split tensile Strength (Chart 5 & 6) 
 
The indirect tensile test results have an increasing trend of 
average tensile strength for fibre reinforced concrete when 
the fibre volume dosage rate increased. This increase in 
tensile strength was due to the nature of binding of fibre 
available in concrete. When the reinforced concrete was 
force to split apart in the tensile strength test, the load was 



transferred into the fibres as pull-out behaviour when the 
concrete matrix began to crack where it exceeded the pre-
crack state. The control batch specimens containing no 
fibres failed suddenly once the concrete cracked, while the 
fibre reinforced concrete specimens were still intact 
together. This shows that the fibre reinforced concrete has 
the ability to absorb energy in the post-cracking state. 
 
The increase in strength is not predominant in the first 7 
days at any fibre volume dosage rate. The tensile strength 
for control mix at 28 days was 3.8 MPa and the tensile 
strength when fibre volume dosage is 1.00% was 5.4 
MPa .Hence, an increase of 1.6 MPa in strength was 
observed. Tensile strength increases linearly as the fibre 
dosage rate increases hence .There is no sudden increase in 
tensile strength at any fibre volume hence, 0.50% fibre 
volume rate may be adopted as the best economical dosage 
rate .It is observed that the rate of increase is higher when 
the volume dosage rate exceeds 0.5%.Maximum 
compressive strength of 69.9 MPa is observed at fibre 
volume of 1.00% which indicates an increase of 19.4 MPa 
when compared with control mix.  

D. Slump cone test (Chart 7) 
The experimental results showed that the slump of the fibre 
reinforced concrete has a decreasing trend when the fibre 
volume dosage rate increases. Considering a slump value of 
75mm for control mix with no fibre added to the concrete. 
Once the fibre was added into the concrete, an average 
slump drop of 10mm was observed for every 0.25% 
increase in fibre volume dosage.  
 

VIII. FUTURE SCOPES 
Further investigations can be carried out to understand 

more mechanical properties of fibre reinforced concrete. 
Several recommendations for further studies are mentioned 
below: 
The problem on the workability of the fresh fibre 
reinforced concrete can be reduced by adding chemical 
admixture such as super plasticiser, silica fume or blast 
furnace slag. Hence, with high workable fresh concrete can 
demote the quick stiffening effects from the fibres.  
 
More investigations and laboratory tests can be done to 
study on the mechanical properties of fibre reinforced 
concrete. Such application of fibres can be done in testing 
on concrete slabs, beams and walls or conducting more 
tests such as abrasion, impact, blasting, shatter, shear or 
creeping of concrete.  
 
The combination of short fibres may tend to provide more 
efficient mechanical properties of structure. Further 
investigation can be carried out by combination of different 
types of short fibres into the concrete mix.  
 

To widen the use of fibre reinforced concrete, different or 
more complicated geometry of fibre can be used to 
investigate the effects of short fibres in the concrete 
through fresh and hardened properties.  
 
The mechanical properties of fibre reinforced concrete may 
be different in various temperatures. Test on hot weather 
and cold weather concreting can be performed. 
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