
 1 

 

 

 

 

 

 

 

Abstract -- An experimental investigation of the behavior of 

concrete beams reinforced with conventional beams 

subjected to flexural loading is presented. An experimental 

program consisting of tests on steel fiber reinforced 

concrete (SFRC) beams with conventional reinforcement 

and reinforced concrete (RC) beams was conducted under 

flexural loading. SFRC beams include two types of beams 

containing beams with fully hybrid fibers and beams with 

fibers only in hinged zones. The cross sectional dimensions 

and span of beams were fixed same for all types of beams. 

The dimensions of the beams were 80mm x 120mm x 

2200mm. Tests on conventionally reinforced concrete beam 

specimens, containing Steel fibers in different proportions, 

have been conducted to establish load deflection curves. 

The various parameters, such as, first crack load, ultimate 

load and stiffness characteristics, energy absorption,  

toughness index of beams with and without steel fibers have 

been carried out and a quantitative comparison was made on 

significant stages of loading. It was observed that SFRC 

beams showed enhanced properties compared to that of RC 

beam. Finally calculate the ultimate strength of the 

conventionally reinforced beams with steel fibers. The 

ultimate loads obtained in the experimental investigation 

were also compared for all types of beams. 

1. Introduction 

Concrete is a structural components exist in buildings and 

bridges in different forms. Understanding the response of 

these components during loading is crucial to the 

development of an overall efficient and safe structure. 

Different methods have been utilized to study the response 

of structural components. Experimental based testing has 

been widely used as a means to analyze individual elements 

and the effects of concrete strength under loading. It has 

now become the choice method to analyze concrete 

structural components. Concrete can withstand whatever 

compressive forces, more over its workable and durable 

material, can be formed to any shape, also it’s a cheap 

material. At the same time it require special care and 

precaution during casting otherwise it could cause cracks  

 

 

 

 

and failure. Load-Deformation Response of control beam 

and Application of  Effective Prestress, Self Weight, Zero 

Deflection, Decompression, Initial Cracking, Secondary 

Linear Region, Behavior of Steel Yielding and Beyond, 

Flexural Limit State of prestressed concrete beam . Firstly, 

literature review was conducted to evaluate previous 

experimental procedures related to reinforced concrete. The 

observation was focused on reinforced concrete beam 

behavior at first cracking, behavior beyond first cracking, 

behavior of reinforcement yielding and beyond, strength 

limit state, load-deformation response, and crack pattern. 

High performance fiber reinforced concrete is developing 

quickly to a modern structural material with a high 

potential. At this moment studies are carried out with the 

aim to come to an international recommendation for the 

design of structures with HPFRC.  The results obtained was 

focused on the same as before also comparison of first 

cracking load, ultimate load, work-done in linear and 

nonlinear region, and load deflection nature between these 

different reinforcement ratio of the analytical beam.  An 

experimental program conducted to study the flexural 

behavior and redistribution in moment of reinforced high 

strength concrete (RHSC) continuous beams. Comparisons 

between experimental and predicted moment and load 

capacity show that the proposed model agrees very well 

with the test results, thus justifying the use of the proposed 

model for HSC and NSC in strengthened beams. Natural 

disasters like earthquakes, cyclones, tsunami, etc, destroy 

the high rise buildings, bridges, monumental structures, 

world wonders, etc. To protect the world from that kind of 

devastation, the field of civil engineering require some 

innovations in both materials and construction techniques. 

One such development has two phase composite materials 

i.e. fiber reinforced concrete, in which cement based matrix 

acts as cracks arresters which restricts the growth of flaws 

in the matrix, preventing these from enlarging under load 

into cracks. The weakness can be removed by inclusion of 

fibers in concrete the fibers   help to transfer loads at the 

internal micro cracks. The fibers can be imagined as 

aggregate with an extreme deviation in shape from the 

smooth aggregate. Increases flexural toughness / residual
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 strength. Provides post-crack performance with Increased 

impact and abrasion resistance, load bearing capacity of 

concrete and Potential reduction of concrete beam depth to 

the Concrete retains load carrying capability after cracking 

has occurred in Increased durability and reduced 

maintenance costs with no requirement for crack control 

steel mesh, Concrete placement and crack control in one 

operation. Cost effective alternative to conventional steel 

mesh reinforcement no need to purchase and store 

additional material and no delays to fast track schedule with 

Easier positioning of joints to Reduced site labour 

requirement for on-site handling and cutting of steel 

reinforcement also no secondary steel mesh is required and 

reinforcement is automatically positioned Controls cracking 

which occurs in the hardened state even distribution of 

fibers throughout the concrete. A tougher surface with fewer 

bleed holes Enhanced load bearing capability which 

Improved flexural properties.  

2. LITERATURE REVIEW 

Saifullah.et. al. (2006) Experimental based analysis has 

been widely used as a means to find out the response of 

individual elements of structure. Maximum load carrying 

capacity at 1st cracking was observed for over reinforced 

beam but on the other it was the balanced condition beam at 

ultimate load. Maximum deflection at failure was also 

observed for the beam that balanced reinforced. 

Giuseppe Campione,et.al. (2008) concluded that flexural 

behavior of plain and fibrous reinforced concrete (FRC) 

beams under monotonic and cyclic actions was analysed. 

The most common fibers utilized are hooked steel ones, and 

the best percentage for structural application is between 

0.5% and 1.5% by volume of concrete. The experimental 

results obtained show that the use of fibers, in a correct 

percentage for structural purposes, and in combination with 

traditional steel reinforcement, allows the achievement of 

better performances compared to those of conventionally 

reinforced beams. 

Akbarzadeh.H,et.al.(2010) An experimental program 

conducted to study the flexural behavior and redistribution 

in moment of reinforced high strength concrete (RHSC) 

continuous beams strengthened with CFRP and GFRP 

sheets. Five large-scale continuous (two-span) beams were 

tested to failure on a control beam and four RHSC beams 

strengthened with externally bonded CFRP and GFRP 

sheets on the concrete tension faces. Comparisons between 

experimental and predicted moment and load capacity show 

that the proposed model agrees very well with the test 

results, thus justifying the use of the proposed model for 

HSC and NSC in strengthened beams. 

 

 

 

3. OBJECTIVE 

Concrete is weak in tension and micro cracks are 

developed in conventional reinforced concrete. To avoid the 

propagation of micro cracks in RCC, fibers are added as 

secondary reinforcement and it also improves the 

mechanical properties of concrete. The influences of hybrid 

fibers in conventional RCC will be studied in this project. 

The beams with fibers and without fibers are to be tested 

under monotonic loading, to study the behavior of FRC 

beams in the ultimate and post ultimate region. To study the 

influence of shapes and geometry of the fiber by conducting 

experiment.To get the optimum fiber content for each type 

of fiber. To study the influence of  hybridfiber in HPFRC. 

To study the load deformation behavior of RC beam with 

hybrid fibers as secondary reinforcement. To determine the 

moment carrying capacity, ductility and energy 

characteristic of RC beam. To compare the behavior of RC 

beams with and without fiber. 

 

4. MATERIAL USED 

4.1. Crimped fiber 

The Material type of crimped fiber is low carbon 

drawn flat wire. The length and diameter used is 38 mm and 

0.55mm respectively. The aspect ratio is 69.09. Its tensile 

strength is 600Mpa. Fig 4.1.1 shows the crimped fibers 

 

 
Fig.4.1.1 Crimped Fiber 

 

4.2. Hooked end fibers 

The length and diameter used is 30 mm and 

0.62mm respectively. The aspect ratio of fiber is 48.4. Its 

tensile strength is 1100Mpa. Fig 4.2.1 shows the hooked 

end fibers 

 

 

 

 

 

 

 

 

 

 

Fig.4.2.1. Hooked End Fibers 
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4.3. Cement 

Portland Pozzolana Cement (PPC) is by far the most 

important type of cement. The PPC was classified into three 

grades, namely 33grade, 43grade and 53grade depending 

upon the strength of the cement at 28 days. 

Table 1 - physical properties of cement 

PROPERTIES VALUES 

Grade  PPC 53 

Fineness 5% 

Consistency  45% 

Initial setting time  30 minutes 

Final setting time 3 hours 

Specific gravity  3.17 

4.4. Coarse aggregate 

The aggregates of size greater than 4.75mm are called 

coarse aggregates. They generally range between 9.75mm to 

37.5mm. Aggregates are used in concrete for very specific 

purposes. The use of coarse and fine aggregates in concrete 

provides significant economic benefits for the final cost of 

concrete in place. Aggregates typically make up about 60 to 

75 percent of the volume of a concrete mixture, and as they 

are the least expensive of the materials used in concrete, the 

economic impact is measurable. In addition, the use of 

aggregates provides volume stability to the hardened 

concrete. 

Table 2- physical properties of coarse aggregate 

Properties Values 

Water absorption 2% 

Impact value 12% 

Crushing strength 16% 

Specific gravity 2.86 

4.5 Fine aggregate 

Fine aggregate is also known as sand. The fine 

aggregates are used in various field like absorbing heat, load 

and in construction field. The fine aggregate size is less than 

4.75mm are considered, the sand should be free from lumps 

and clay materials. The commonly used fine aggregate is 

River Sand. 

Table 6 - physical properties of fine aggregate 

Properties Values 

Specific gravity 2.67 

Fineness modulus 3.44 

Particle size < 4.75 mm 

 

 

5. MIX PROPORTIONING 

M60 grade concrete mix was designed as per IS 

10262-2009. Proportion of concrete should be selected to 

make the most economical use of available materials to 

produce concrete of required quality. The mix ratio for 

casting the specimen used is 1:1.2:2.2 and water cement 

ratio 0.3. Volume fractions of 1.5% fibers are used. Also 10 

% of cement is replaced by silica fume intend to make HPC 

70% Hooked end fiber combined with 30 % crimped fiber 

were mixed together in the required quantity of fibers. 

Prepared by standard steel mould having cross section. 

It is used for casting the beams with and without fibers. 

Hence the size of the beam is of 80 x 120 x 2200mm. All 

the beams were cast with following reinforcement details. 

Four bars of 8mm diameter are used as main reinforcement 

2 numbers at top and 2 numbers at bottom, 6mm diameter 

stirrups are spaced at 100mm c/c to act as shear 

reinforcement. 

6. CASTING OF THE SPECIMEN 

The exact quantities of materials for the specimen 

were weighted and kept separately before the mixing 

started. Machine mixing was adopted and the concrete mix 

was placed in mould layer by layer and compacted well. 

Hand mixing was adopted for convenient handling of steel 

fiber. Sand and cement with silica fume were mixed dry and 

kept separately. Then coarse aggregate was added and 

approximately quantity of water was sprinkled on the dry 

mix. In order to avoid the formation of lumps by gentle 

sprinkling the fibers were randomly oriented in the concrete 

mix. Beams casted with fully hybrid fibers and fibers only 

in hinged zone for flexural strength of plain concrete with 

and without fibers. 

 

 

 

 

 

 

 

 

Fig.6.1.Casting of beams 

7. LOADING ARRANGEMENT 

 All beam specimens were tested under a loading frame of 

500 kN capacity. Beams were continuous over a span of 

2200 mm. The load was applied through a screw jack which 

is connected with proving ring for applying manual loading. 

The load was distributed as two point loads kept apart 

symmetrical to centerline of beam on the top face. An I 

section has been place over the beam for the application of 

two point loading. Then three dial gauges on the loading 

point for normal deflection and dial three will be used to 

measure upward deflection. A proving ring of 10 Ton 
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capacity was placed between test frame and load distributor 

placed on the test specimen. Gap between test frame and 

plate was filled by spacers. 

8. RESULT & DISCUSSION 

Totally nine specimens have been tested for their 

behavior under monotonic loading. In order to study the 

influence of fibers. The test results are discussed as below. 

The different parameters such load carrying capacity, 

stiffness, ductility, energy absorption capacity, toughness 

index etc. have been calculated for all beams re shown in 

Tables. 

Table 3: Test Results 

Parameter 

BEAM 

A B C D 

% of fiber (Vf) 1.5 1.5 1.5 1.5 

First crack load ( kN ) 75 78 84 84 

Ultimate  load ( kN ) 90 129 123 90 

Stiffness  (kN/mm) 66.67 100 100 66.67 

Ductility factor 6.8 6 4.09 4.28 

Energy 

Absorption 

(KN.mm) 

Absolute 870 840 640 720 

Reality 1 0.96 0.73 0.94 

Toughness Index (I5) 5.1 6 6.28 4.28 

Toughness Index (I10) 10.4 13.5 14.6 11.9 

 

Table 4: Test Results 

Parameter 
BEAM 

FH1 FH2 FHZ1 FHZ2 CB 

% of fiber (Vf) 1.5 1.5 1.5 1.5 1.5 

First crack load ( kN ) 75 57 55 60 39 

Ultimate  load ( kN ) 120 117 93 117 114 

Stiffness  (kN/mm) 66.6 57.5 66.67 66.67 50 

Ductility factor 5.46 7 5.46 6.156 4.85 

Energy 

Absorption 

(KN.mm) 

Absolute 610 650 620 675                   570 

Reality 1.24 1.22 1.08 1.24 1 

Toughness Index (I5) 7.5 7.5 7.71 7.21 5.26 

Toughness Index (I10) 13.75 13.45 14.375 13.87 10.24 

 

8.1. Load Carrying Capacity: 

The ultimate load carrying capacities of all the beams are 

shown in figure 4.6.1 and figure 4.6.2. The load carrying 

capacity of Beam-A carries maximum load and Beam-D 

carries minimum load carrying capacity initially to choose 

the reinforcement. The load carrying capacity of FH beam 

with fully hybrid fibers behaves more resistance than the 

beam having fibers only in hinged zone. The conventional 

concrete beam without fiber will only carries minimum load 

carrying capacity compare to both fully hybrid fiber beams 

and beams with fibers only in hinged zone. The ultimate 

crack load of FH beam was higher than that of FHZ beam. 

First crack load increased with increase in fiber content. The 

beam FH carries maximum ultimate load of 120kN. 

Theoretical ultimate load for RC beams was calculated as 

per IS 456: 2000. The beam strength of control specimens 

were used to determine the ultimate load, stiffness, ductility, 

energy absorption and toughness index of RC beams tested 

under monotonic loading. 

8.2. First Crack load: 

 The first crack load was determined from the dominant in 

the load deflection curve at initial stages of loading. All the 

SFRC beams showed significant increase in first crack load 

over reinforced concrete beams. In the case of beams with 

1.5 percent steel fibers,The conventional concrete beam 

without fiber will only carries minimum load carrying 

capacity compare to both fully hybrid fiber beams and 

beams with fibers only in hinged zone. The first crack load 

of FH beam was higher than that of FHZ beam. First crack 

load increased with increase in fiber content. The beam FH 

carries maximum First crack load of 75kN. 

 
Fig.8.2.1. First crack load and Ultimate load for without 

fiber 

 

 
Fig.8.2.2 first crack load and Ultimate load for with and 

without fiber 

8.3. Load deflection behavior 

 These investigations it is observed that the load deflection 

curve is linear up to the first crack load. Further increase in 

load, caused multiple cracks and the curve deviated from 

linearity in to a non-linear region. Comparisons of load 

deflection behavior for all the beams are shown in fig4.7.1, 
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fig4.7.2, fig4.7.3, fig4.7.4. From the Beam-D which carries 

minimum load carrying capacity. From the comparisons the 

Beam FH(with fully hybrid fibers) carries a maximum load 

120 kN. Then the specimen two of FH will carries 117 kN. 

Then this beams behave flexural cracks only. Then the other 

type of beam with fibers in hinged zone will carry load of 

93 KN for specimen one and 117 KN for specimen two 

respectively. This beam also behaves only in flexural zone. 

These beams are compared to the conventional beam which 

carries 114 KN which behaves only in flexural zone. From 

the investigations all these beams behaves only in flexure no 

shear cracks are occurred in any of these beams. 

 

Fig.8.3.1 Comparison of Load deflection behavior for  D1of 

all the beams WOF 

 

Fig.8.3.2. Comparison of Load deflection behavior for  

D1of all the beams WF 

8.4. Stiffness characteristics:  

Stiffness is defined as the load required to cause 

unit deflection of the beam. The Deflection calculated in 

each beams gave the stiffness of the beam. The 1.5% 

volume fraction of fibers in HPFRC increased the stiffness 

of the beams. The beam are casted in two different forms 

one with fully hybrid fiber and fibers only in hinged zone as 

FH and FHZ. Each beams to calculate the deflection from 

continuous beams. From the values stiffness has been 

calculated. The stiffness of beam FHZ specimen one will be 

having more similar stiffness value. The specimen two of 

FHZ carries a maximum stiffness values in both dial one 

and dial two. The various of stiffness characteristics for all 

the beams are shown in figure.5. The beams FH and FHZ 

are almost similar in stiffness characteristic with 

66.67kN/mm with FHZ slightly more consistent than FH 

based on stiffness characteristics. 

 

 
Fig.8.4.1 Comparison of Stiffness characteristics for all the 

beams WF 

 

8.5. Ductility Factor: 

 It is defined as the ability of a member undergoes 

inelastic deformations beyond the yield deformations 

without significant loss in its load carrying capacity. The 

1.5% volume fraction of fibers in HPFRC increased the 

ductility of the beams. The ductility of beam FH specimen 

two will be have a maximum at dial two values. At the same 

FHZ specimens has both dial one and two are almost equal. 

The specimen one of FHZ carries a minimum of ductility in 

both dials. The specimen two of FHZ is also minimum 

ductility. The various of ductility for all the beams are 

shown in figure.5. The beams FH are comparatively higher 

than FHZ. The beam FH has a maximum of 7. The ductility 

of a flexural member can be obtained from its load-

deflection curve. The variations of ductility of all the five 

beams are shown in figures. 

 

 
 

Fig.8.5.1 Comparison of Ductility for all the beams WOF 

 

 
 

Fig.8.5.2 Comparison of Cumulative Ductility for all the 

beams WF 
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8.6.Energy absorption capacity: 

The area under the load-deflection curve represents the 

energy absorption capacity of the all specimen. The beam 

are casted in two different forms one with fully hybrid fiber 

and fibers only in hinged zone as FH and FHZ. The energy 

absorption of beam FH specimen one will be have a 

maximum  at both dial values. The cumulative energy 

absorption capacity of FH beam was 710kNmm while that 

of FZH and CB beams have the values as 675kNmm, 570 

kNmm respectively. The cumulative energy absorption 

capacity of FH (hybrid) beam was higher than that of other 

beams as shown in figure.4.10.2 

 
Fig.8.6.1 Comparison Energy absorption capacity for all the 

beams WOF 

 

 
 

Fig.8.6.2 Comparison Energy absorption capacity for all the 

beams WF 

 

8.7. Toughness index (I5) & (I10) 

The area under the load-deflection curve represents the 

energy absorption capacity of the all specimen. The 

cumulative energy absorption capacity of FHZ beam was 

7.71 while that of FZH and CHPC beams have the values as 

7.5and 5.26respectively. The cumulative Toughness 

index(I5) capacity of FHZ (hybrid) beam was higher than 

that of other beams as shown in figure.8. The cumulative 

energy absorption of FHZ beam was 14.37 while that of 

FZH and CHPC beams have the values as 13.75and 

10.24respectively in( I10). The cumulative Toughness 

index(I5) capacity of FHZ (hybrid) beam was higher than 

that of other beams as shown in figure.9. 

 
Fig.8.7.1.Comparison Toughness Index(I5) for all the beams 

WOF 

 

 
 

Fig.8.7.2.Comparison Toughness Index (I5) for all the 

beams WF 

8.8. Behaviour and mode of failure 

 The loadingwas increased in all the specimens, the number 

of cracks appeared in the beam. Further increasing the load, 

additional cracks formed in the beams. It is observed that, 

specimens additionally reinforced with steel fibers, a large 

number of finer cracks formed in the flexure zone and 

widening when the load increased. The presence of steel 

fiber inside the beam will resist the crack development by 

forming a bridge across the crack i.e. the steel fibers act as 

crack arresting material during initial stage of loading. The 

tested specimens of HPC and HPSFRC beams were shown 

in figure. 

 
 

Fig.8.8.1.Failure patterns 

9. CONCLUSION   

The experimental investigation is carried out to study the 

behavior of High Performance Fiber  Reinforced  Concrete  

Beam. The test results are compared with that of the 

Conventional high performance reinforced concrete beam. It 
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based on study parameters such as first crack load, ultimate 

load, ductility factor and energy absorption, we compare all 

the beams with that of conventional concrete beam.  

 

REFERENCE 

1. Akbarzadeh H., A.A. Maghsoudi., “Experimental and 

analytical investigation of reinforced high strength 

concrete continuous beams strengthened with fiber 

reinforced polymer”.,Vol.31., (2010). PP 1130–1147. 

2. Alberto Meda., FaustoMinellib., Giovanni A. Plizzari., 

“Flexural behaviour of RC beams in fiber reinforced 

concrete”.,  43 (2012) 2930–2937. 

3. Chung-Chan Hung., Shang-Heng Li., “Three-

dimensional model for analysis of high performance 

fiber reinforcedcement-based composites”., vol.45 

(2013). PP 1441–1447. 

4. Dancygier A.N, Z. Savir., “Flexural behavior of HSFRC 

with low reinforcement ratios”., Vol. 28 (2006) . PP 

1503–1512. 

5. Giuseppe Campione., “Maria LetiziaMangiavillano., 

“Fibrous reinforced concrete beams in flexure: 

Experimental investigation, analytical modelling and 

design considerations”., Vol.30., (2008). PP. 2970–

2980. 

6. Hee Sun Kim, YeongSoo Shin., “Flexural behavior of 

reinforced concrete (RC) beams retrofitted with hybrid 

fiber reinforced polymers (FRPs) under sustaining 

loads”.,Vol. 93 (2011). PP.  802–811. 

7. J. A. O. Barros., J. A. Figueiras., flexural behavior of 

steel fiber reinforced concrete testing and modeling”. 

8. Joost C. Walraven ,”High performance fiber reinforced 

concrete: progress in knowledge and design codes”, 

Received: 11 July 2007 / Accepted: 11 June 2009 / 

Published online: 6 October 2009. 

9. Pant Avinash S, R. Suresh Parekar, “ Steel fiber 

reinforced concrete beams undercombined torsion-

bending-shear”, Journal of Civil Engineering (IEB), 38 

(1) (2010) 31-38. 

10. Samir A. Ashour ., Faisal F. Wafa, Mohmd I. Kamal., 

“Effect of the concrete compressive strength and tensile 

reinforcement ratio on the flexural behavior of fibrous 

concrete beams”., Vol. 22 (2000). PP 1145–1158. 

11. SomsakSwaddiwudhipong ., PuayEng Constance Seow., 

“Modelling of steel fiber-reinforced concrete under 

multi-axial loads., Vol. 36. (2006). PP 1354–1361 

12. SubbaRaoP ,A.VenkateswaraRao., “A study on load -

deflection behaviour of cracked concrete beam using 

fem: fracture mechanics approach”., Vol. 1 (2012)ISSN: 

2278-0181. 

13. Vengatachalapathy V, Dr.R.Ilangovan., “Experimental 

evaluation for strength of steel fiber reinforced concrete 

deep beams”., Vol. 2 Issue 2, (2012) pp.348-355.  

14. Wang Z. L, J. Wub, J.G. Wang., “Experimental and 

numerical analysis on effect of fiber aspect ratio on 

mechanical properties of SRFC”. Vol.24 (2010) 559–

565. 

 
 

 

 

 

 

ISSN NO: 2394-2886

Page No: 198

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 8, 2021

Asus
Textbox


