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Abstract - Short Columns are generally subjected to 
Compressive loads only, but in practice the minimum 
reinforcement has been provided for ductile failure. To replace 
the minimum reinforcement, the steel fibres are added. The 
aim of the project is to study the Effect of Steel fibres when 
used in Plain Cement Concrete (PCC) Short Column. Two types 
of steel fibres - Hooked end fibre and Crimped fibre of length 
30mm and diameter 0.5 mm were used in 0.5%, 1% and 1.5% 
of volume fractions for short column. To compare the Strength 
of fibre columns, the PCC and Reinforced Cement Concrete 
(RCC) with minimum reinforcement of M20 grade concrete 
were also casted. All specimens where cured for 28 days and 
tested under compression in UTM. The resulting structural 
behaviour and failure pattern of the specimens are studied. 
 

Key Words:  Hooked end fibre, Crimped fibre, aspect ratio, 
short column, Compression Test. 

1. INTRODUCTION 
 
Fibre Reinforced Concrete can be defined as a composite 
material consisting of mixtures of cement, mortar or 
concrete and discontinuous, discrete, uniformly dispersed 
suitable fibers. The aim of the project work is to study the 
structural behavior of short column made of steel fibre 
reinforced concrete, in comparison to Plain Cement Concrete 
and Reinforced Cement Concrete. The fiber is often 
described by a convenient parameter called “aspect ratio”. 
The aspect ratio of the fiber is the ratio of its length to its 
diameter. Typical aspect ratio ranges from 30 to 150. Fibre 
reinforced concrete (FRC) is concrete containing fibrous 
material which increases its structural integrity. The shape 
of the fibre plays a vital role in increasing the integrity. 
Hence the FRC should contain short discrete fibers that are 
uniformly distributed and randomly oriented. Shape, 
dimension and length of fibre is also important. Interfacial 
bond between the matrix and the fibre also determine the 
effectiveness of stress transfer, from the matrix to the fibre. 
A good bond is essential for improving tensile strength of the 
composite. 

 

 

2. TYPES OF FIBRES 
 
Based on the Literature Study Two Types of Steel Fibres are 
used in this Project, namely Hooked End Fibre and Crimped 
Fibre. Both Steel Fibres of 30mm Length and 0.5mm 
Diameter were used. The aspect ratio of the fibre is 60. The 
fibres were used in proportions of 0.5%, 1% and 1.5% of the 
volume of the concrete mass. Figure 1 shows the appearance 
of Hooked End Fibre. Figure 2 shows the appearance of 
Crimped Fibre. 

 

Fig-1: Hooked End Fibre 

 

Fig-2: Crimped Fibre 
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3. MATERIAL PROPERTIES 
 

3.1 Cement 
 

 The cement used was Ordinary Portland Cement of 
grade 53conforming IS: 8112-1989. Table 1 shows the 
Physical Properties of Cement. 

Table 1 Physical Properties of OPC Cement 

 
3.2 Fine Aggregate 

 
 Manufactured sand conforming to the code IS 383-
1970. Table 2 shows the Physical Properties of Fine 
Aggregate. 

Table 2 Physical Properties of Fine Aggregate 

 
3.3 Coarse Aggregate 

 
Crushed coarse aggregates of 20mm size were used for 
casting. Table 3 shows the Physical Properties of Coarse 
Aggregate. 

Table 3 Physical Properties of Coarse Aggregate 

 

 

4. EXPERIMENTAL INVESTIGATION 
 

The fibre was mixed well with the concrete matrix and the 
resulting concrete was casted into the cylindrical moulds of 
short column. Figure 3 shows the concrete mix with Steel 
Fibre. 

 

Fig- 3: Concrete Mix with Steel Fibre 

The plain cement concrete and reinforced cement concrete 
columns were made of M20 grade mix. The mix was 
prepared by using Indian Standard code book IS 10262 – 
2009. For preparing RCC column, 6 numbers of 8mm 
diameter rods were used. While preparing fibre reinforced 
concrete mix, the fibre was added at the end and mixed 
thoroughly, to endure even distribution. The concrete was 
casted into cylindrical moulds of 150mm diameter and 
600mm length. The size of the column is chosen in such a 
way so as to ensure, that the specimen behaves as short 
column. The casting was done after mixing the concrete 
thoroughly and casted into the greased moulds with regular 
compaction as shown in figure 4. 

 

Fig- 4: Cylindrical Specimens 

5. COMPRESSION TEST 

 

The dried concrete columns were subjected to compressive 
loading in a Universal Testing Machine (UTM) of 100-ton 
capacity with the loading plane perpendicular to the axis of 
the short column as show in figure 5. The load deflection 

S.No Description Experimental 

Value 

1 Specific gravity 3.l5 

2 Initial setting time 30 mins 

3 Final setting time 600 mins 

S.No Description 
Experimental 

Value 

1 Specific gravity 2.47 

2 Water absorption 1.57% 

3 Fineness modulus 3.087(zone ll) 

4 Bulk density 1950kg/m3 

S.No Description 
Experimental 

Value 

1 Specific gravity 2.80 

2 Water absorption 1.8% 

3 Fineness modulus 7.2 

4 Bulk density 2886kg/m3 
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curves of all the columns were also generated and were 
compared to during the result analysis.  

 

Fig- 5: Compression Test 

The ultimate load and deflection of each short column was 
obtained and the results are represented in the table 4. 
 

6. RESULT AND DISSCUSSION 

 
It can be seen that the ultimate load increases with increase 
in steel fibre. The load deflection curves of all the specimens 
were plotted in figures 6,7,8,9,10,11,12 and 13. 
 

 

Fig- 6: Load - Deflection for PCC Specimen 
 
 

Table 4   Load Deflection Values of Specimen 

 

Fig- 7: Load - Deflection for RCC Specimen 
 

 

Fig- 8 : Load - Deflection for 0.5%  Crimped Fibre 

 

 

Fig-9 : Load - Deflection for 1.0% Crimped Fibre 

 

PCC RCC Crimped Fibre Hooked Fibre 

  0.5% 1.0% 1.5% 0.5% 1.0% 1.5% 

Ultimate load (kN) 352.5 530 421 401 528.4 544.9 621.95 620.8 

Deflection at 
ultimate load(mm) 

2.4 6.8 5.1 3.4 6.9 4.9 6.5 5.1 
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Fig- 10 : Load - Deflection for 1.5% Crimped Fibre 

 

Fig- 11 : Load - Deflection for 0.5% Hooked End Fibre 

 

Fig- 12 : Load - Deflection for 1.0%  Hooked End Fibre 

 

Fig -13 : Load - Deflection for 1.5%  Hooked End Fibre 
 

7. CONCLUSIONS 

 
 It can be observed from figures 10 and 13 that the 

behavior of RCC is achieved when 1.5% of steel fibre 
used.  

 It can also be seen very clearly that addition of steel 
fibre increases the deflection of concrete before 
failure indicating increase in ductility. 

 Hooked End Fibre is capable of withstanding the 
ultimate load with minimum deflection when 
compared to Crimped Fibre. 

 
REFERENCES 

[1] IS: 10262:2009 Indian Standard Concrete Mix 
Proportioning – Guidelines, Bureau of Indian Standards: 
New Delhi  

[2] IS 456 (2000) Plain and Reinforced Concrete Code of 
Practice, New Delhi, India: Bureau of Indian Standard.  

[3] Jamrozy Z, Swamy R. “Use of steel fibre reinforcement for 
impact resistance and machinery foundations”. Int J 
Cement Compos 1979; 1:65–75.  

[4] Rossi, P. and Chanvillard, G. “New geometry of steel fibre 
for fibre reinforced concrete.” In H. W. Reinhardt and A. 
E. Naaman (editors), “High Performance Fiber 
Reinforced Cement Composites,” 129–139. E. & F. N. 
Spon, London (1993)  

[5] Song P, Hwang S. “Mechanical properties of high-strength 
steel fiber- reinforced concrete”. Constr Build Mater 
2004; 18:669–73  

[6] Yazıcı SInan G, Tabak V. “Effect of aspect ratio and 
volume fraction of steel fiber on the mechanical 
properties of SFRC”. Constr Build Mater 2007; 21:1250–
3.  

[7] Holschemacher, K., Mueller, T. & Ribakov, Y. "Effect of 
steel fibres on mechanical properties of high-strength 
concrete". Mater. Des. 31, 2604–2615 (2010).  

[8] Hao, Y. & Hao, H. "Dynamic compressive behaviour of 
spiral steel fibre reinforced concrete in split Hopkinson 
pressure bar tests". 48, 521–532 (2013).  

[9] Soufeiani, L. et al. "Influences of the volume fraction and 
shape of steel fibers on fiber- reinforced concrete 
subjected to dynamic loading – A review". Eng. Struct. 
124, 405–417 (2016).  

[10] Domski, J., Katzer, J., Zakrzewski, M. & Ponikiewski, T. 
"Comparison of the mechanical characteristics of 
engineered and waste steel fiber used as reinforcement 
for concrete". J. Clean. Prod. 158, 18–28 (2017).  

[11] Bae, B., Chung, J., Choi, H., Jung, H. & Choi, C. 
"Experimental study on the cyclic behavior of steel fi ber 
reinforced high strength concrete columns and 
evaluation of shear strength". Eng. Struct. 157, 250–267 
(2018).  


