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Abstract- The weak matrix in concrete, when reinforced with steel fibers, uniformly distributed across its entire mass, gets 
strengthened enormously, thereby rendering the matrix to behave as a composite material with properties significantly 
different from conventional concrete. Because of the vast improvements achieved by the addition of fibers to concrete, there 
are several applications where Fibers Reinforced Concrete (FRC) can be intelligently and beneficially use. These fibers have 
already been used in many large projects involving the construction of industrial floors, pavements, highway-overlays, etc. 
in India. The present investigation study focused on the effect of steel fiber content on the mechanical properties of Steel 
Fibre Concrete with Metakaolin by using destructive test (DT) under compression testing machine as well as nondestructive 
test (NDT) by rebound hammer. In this project we focused on the experimental results of steel fiber reinforced concrete 
(SFRC) with Metakaolin as admixture. In this work M20 grade concrete with volume fraction of the Round Crimped Steel 
Fiber (RCSF) 1%, 2%, 3% & 4% increment, and 5%, 10%, 15% & 20% of metakaolin replaced with cement was used. 
Water/cement ratio to be taken as 0.5. Under this project we are casted 18 cubes for above mentioned percentage of steel 
fiber with metakaolin and tested under compression and rebound hammer test also results are compared with conventional 
concrete. 
 
Keywords- Compressive strength, Compression testing machine, Flexural strength. High Reactivity Metakaolin, Steel 
Fibers. 
 

 
I. INTRODUCTION 
 
Recent earthquakes in different parts of the world 
have revealed again the importance of design of 
reinforced concrete structures with high ductility. 
Strength and ductility of structures depend mainly on 
proper detailing of the reinforcement. To avoid 
congestion of reinforcement and to increase flexural 
strength steel fibre reinforcements most suitable. 
However, to understand these properties, the need for 
estimating the fiber contribution and the prediction of 
the composite’s behavior is necessitated.  Concrete is 
the most widely used and versatile building material 
which is generally used to resist compressive forces. 
Metakaolin, or heat-treated clay, may be used as a 
Supplementary Cementitious Material (SCM) in 
concrete to reduce cement consumption, to increase 
strength and the rate of strength gain, to decrease 
permeability, and to improve durability. Metakaolin 
reduces the porosity of concrete.  
 
Plain concrete possesses a very low tensile strength, 
limited ductility and little resistance to cracking. It has 
been recognized that the addition of small, closely 
spaced and uniformly dispersed fibers to the concrete 
would act as crack resistance and would substantially 
improve its compressive and flexural strength 
properties. This type of concrete is known as fiber 
reinforced concrete. Fiber reinforced concrete can be 
defined as composite material consisting of mixtures 
of cement, mortar or concrete and discontinuous, 
discrete, uniformly dispersed suitable fibers. The main 
objective of this study is to investigate the mechanical 

properties of steel fibre reinforced concrete with 
metakaolin.  Suitability and the reliability of the 
destructive tests and non-destructive test for the 
estimation of steel fibre reinforced concrete strength. 
 
II. SYSTEM DISCUSSION 
 
Cement- Ordinary Portland Cement of 53 Grade 
conforming to IS: 12269-1987 was used in the 
investigation. The specific gravity of cement was 
3.10.  
 
Coarse Aggregate- Crushed stone metal with a 
maximum size of 20 mm from a local source having 
the specific gravity of 2.6 conforming to IS: 383-
1970 was used.  
 
Fine Aggregate- Locally available river sand passing 
through 4.75 mm IS sieve conforming to grading 
zone-II of IS: 383-1970 was used. The specific 
gravity of fine aggregate was 2.6.  
 
Metakaolin -Metakaolin is not a byproduct. It is 
obtained by the calcinations of pure or refined 
Kaolinite clay at a temperature between 6500º C and 
8500º C, followed by grinding to achieve a fineness 
of 700-900 m2/kg. Metakaolin is a high quality 
Pozzolanic material, which is blended with cement in 
order to improve the durability of concrete. Steel 
Fiber- The main variables used in the study are 
Round Crimped Steel Fiber (RCSF) with different 
dosages of fibers was used by weight of volume of 
concrete. The properties are shown in table 1. 
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Water - Ordinary tap water available in the laboratory 
and used for drinking purposes was used for mixing of 
concrete. 
 

Table 1 

          
III. EXPERIMENTAL INVESTIGATION 
 

Table 2: Mix Proportion 
Sr. 
No. Material Quantity 

1 Cement 382 .00  Kg/m3 

2 Fine 
aggregate 546.87   Kg/m3 

3 Coarse 
aggregate 1189.23 Kg/m3 

4 Metakaolin  5%,10%,15%,20% 

5 Steel 
fibre(SF) 1%,2%,3%,4% 

6 Water 191.00Lit./m3(0.50) 
 

Table 3: Composition of mixes (M20) 

Mix Code Content  [%] 

PC MK SF 

MKS 0 100 0 0 

MKS 5 95 5 1 

MKS 10 90 10 2 

MKS 15 85 15 3 

MKS 20 80 20 4 

Mix 
Code 

Content  in Kg/m3 

PC M
K SF Wate

r 
San
d 

Coarse 
Aggregat
e 

MK
S 0 

38
2 0 0 191 547 1189 

MK
S 5 

36
3 19 22 191 547 1189 

MK
S 10 

34
4 38 46 191 547 1189 

MK
S 15 

32
5 57 69 191 547 1189 

MK
S 20 

30
6 76 89 191 547 1189 

IV. METHODOLOGY 
 
For compressive strength test, cube specimens of 
dimensions (150 mm x 150 mm x 150 mm) were 
casted. The specimens were demoulded after 24 hours 
of casting and they are transferred to curing tank for 
28days. The compressive strength of concrete was 
determined by Destructive test (DT) and Non-
Destructive test (NDT) in accordance with Indian 
Standards IS: 516-1959.The result obtained is as 
follows Compressive Strength (N/mm2) -Destructive 
Test 
 

 
 
Compressive Strength (N/mm2) –Non-Destructive 
Test (surface hardness) 
 

 
 

Table 4: Compressive Strength results (N/mm2) 

 

Type of Steel 
Fibre 

Round Crimped 
Steel Fiber (RCSF) 

Diameter (d) 1     mm 
Length (L) 50   mm 
Aspect Ratio  
(L/d) 50   mm 

Tensile Strength 1100 Mpa 
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V. RESULT AND DISCUSSION 
 
Compressive strength of Normal concrete (NC) + 5% 
Metakaolin (MK) +1% Steel fiber (SF) increased by 
about 8.70% by Destructive test (DT) and 18.60 by 
Non-destructive test as comparative to normal 
concrete. Normal concrete is found to be less 
compressive than metakaolin blended steel fiber 
concrete. Addition of steel fibers to concrete changes 
its brittle mode of failure into a more ductile one and 
improves the concrete ductility.  
 
Graphical Result 
 
The effect of metakaolin and steel fiber on 
compressive strength of concrete shown in graph. 
 

 
 
CONCLUSION 
 
The following conclusions are drawn on the use of 
steel fiber reinforced concrete with metakaolin making: 
1. The gain in compressive strength is improved 
depending upon the replacement level of OPC by 
metakaolin. 
2. The metakaolin inclusion improves compressive 
strength. The quantum of increase in the individual 
properties depends upon replacement level. 
3) Fibre reinforced concrete is less surface hardness as 
compared to plain concrete.  
4) Addition of Metakaolin has enhanced the properties 
of hardened concrete like cube compressive strength, 
ultimately load and surface resistance increases when 
compared to plain concrete. 
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