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Abstract

This research aimed to study the bending behavior of self-compacting concrete (SCC) beams reinforced with steel 

fiber and B500 ribbed reinforcing bar. The studied variables were four:  cracking patterns and failure mode, effect 

of main reinforcement area, effect of rebar grades, and effect of fiber content. Six rectangular beams of cross 

section of size 100×200 mm and a length of 2000 mm were casted and tested under four-point bending. One beam 

was used as a control beam without steel fibers, while the other five beams were casted using steel fibers. The steel 

fiber content was varied from zero to 25 and 50 kg/m
3
. Three types of rebar main reinforcement were used 

B500DWR, B500CWR, and B500C-R. According to the experimental results, the tensile strain at failure load 

ranged from 64,4.7 and 99.2% of that of control beam B1 and the compressive strain at failure load was 76.2 % 

and 57.1 % of that of beam B1, the control beam. The failure load for beams were 101.5.3 and 106.7 % of that of 

the control beam B1. Changing the main reinforcement for beams lead to the maximum deflection for beams 

ranged from 101.5, 109.9, and 81.3% of that of the control beam. 

 

 
K E Y W O R D S :  S t e e l  F i b e r ,  F i b e r  S e l f  C o m p a c t i n g  C o n c r e t e ,  F l e x u r a l  S t r e n g t h  

 
Introduction 

Steel fiber self-compacting concrete (SFSCC) is a 

unique material that can flow under its own weight in 

the fresh state, eliminating the need for mechanical 

motion and formwork complexity, and that leverages 

the benefits of steel fiber additions in the hardened 

stage [1]. Ozawa et al., describe SCC as concrete with 

a high flow-ability that provides flow and passage 

ability as well as resistance to segregation. Steel fiber 

reinforced concrete (SFRC) is concrete reinforced with 

steel fibers [2]. There are several varieties of steel 

fibers (SFs) with varying aspect ratios and 

characteristics. SFRC proved advantageous for several 

applications in construction and architecture, such as 

airport pavements, ground-supported slabs, and mine 

and tunnel linings [3]. The benefits of employing 

SFRC include multidirectional reinforcement supply, 

increased productivity, higher intensity resistance, and 

reduced corner and edge damage caused by spalling 

pressures [4]. By bridging gaps, distributing stress 

across cracks, and inhibiting crack growth, the 

inclusion of steel fiber in concrete can increase the 

strength and hardness of concrete [5]. In the past ten 

years, steel fiber reinforced self-compacting concrete 

(SFRSCC) has been utilized in a variety of structural 

applications, including precast pre-stressed concrete 

members, sheet piles, and slab-on-grade, etc. Since 

fibers in SCC may be compacted without the 

requirement for vibration, lowering the possibility of 

fibers segregation and downward settling during 

compaction results in the uniform distribution of fibers 

throughout the concrete component [6]. 

Revised:3 September, 2022, Accepted:9  October  , 2022              

In the last few decades, self-compacting concrete 

(SCC) has been a significant advancement in concrete 

technology [7:12]. SCC can be described as a special 

type of flowable concrete that is consolidated due to its 

own weight without any signs of undesirable 

segregation or bleeding. Such property can save both 

time and cost by eliminating the effort required for 

external vibration. Moreover, it reduces the site noise 

leading to a better work environment [13:16]. SCC 

was first developed in 1986 [17]. Numerous nations, 

including Canada, Japan, and the United States, have 

investigated the potential of SCC for use in building 

construction and structural activities [18]. SCC 

provides several benefits, including high productivity, 

easy manufacturing, and good structural quality [19]. 

 

According to EFNARC [20] and ACI 273R [21], some 

concrete should pass the required limitations of the 

tests of three properties to be considered as a 

successful SCC. Filling capacity, ability to flow 

through steel reinforcement, and resistance to 

segregation during casting are desirable qualities of 

SCC. Several tests were developed by research and 

adopted by different standards to examine the required 

properties. Like the ordinary concrete, SCC is 

relatively a brittle material that shows weak behavior 

under tensile loads. This brittleness also leads to low 

dynamic response and impact resistance. Steel and 

synthetic fibers can be added to SCC to make it more 

ductile, which enhances the structural behavior both 

under static and dynamic loads. However, such fibers 

significantly reduce the flowability of SCC mixtures, 
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which imposes the use of more liquidity and viscosity 

enhancement agents. 

 

Many previous studies explored the effect of different 

steel fiber diameters and kinds on the fresh 

characteristics and mechanical properties of Steel 

Fiber-Reinforced Self-Compacting Concrete 

(SFRSCC)[22:28]. In comparison to traditionally 

vibrated concrete, the addition of fibers to self-

compacting concrete (SFSCC) increases its efficacy in 

the fresh and hardened stages [29]. The addition of SF 

to concrete mixtures is a non-traditional mass 

reinforcement that enhances the mechanical properties, 

ductility, and toughness of concrete and controls the 

spread of cracks [30]. These effects are caused by the 

ability of SFs to transmit tensile stress across fracture 

surfaces, commonly known as crack bridging, and the 

fact that such fibers create significant shear resistance 

across existing fissures. The debonding and separation 

of randomly scattered SFs in concrete is connected 

with SFRC fracture. As a result, SFSCC has a pseudo-

ductile tensile response and greater energy dissipation 

capacity than standard concrete, which exhibits a 

brittle behavior[3].  

 

In 2012, S.A. Bhalchandra and Pawase Amit [29], 

studied the SCC performing with steel fiber of beams 

as flexural strength. The results showed that there was 

improvements in mechanical properties of concrete 

and increased strength capacity due to presence of 

self-compact additive and steel fiber in the concrete. In 

2013, M. Paja˛k and T. Ponikiewski [30], explored the 

flexural behavior of SCC with hooked end steel fiber 

concrete beam. The results indicated that the increased 

in beam capacity and reduced in deflection. In 

2013,Fritih et al. [31] examined the influence of 

stainless SFs (0.25 percent by volume) on the bending 

and shear performance of SCC beams with various 

rebar ratios. They determined that the cracking of RC 

components in hostile settings might be prevented by 

incorporating stainless SF in accordance with Euro 

code 2 requirements. 

 

 

In 2016, R. Vengadesan et al [32],studied the behavior 

of SCC-reinforced steel fiber beams. As the fiber 

content of the tested beams increased, the mode of 

breakdown switched from brittle to ductile when the 

beams were exposed to stress and bending. Also, the 

strength of concrete beams will increase with increase 

in amount of fiber content. 

 

In 2018, M. Mahmod et al [33], examined the flexural 

behavior of steel fiber reinforced self-stressed concrete 

beams. Under monotonic stresses, they examined 

fourteen reinforced concrete beams: two pairs of six 

SCCs (with and without SFs) and two ordinary 

concretes (NCs). Capacity at failing, displacement, 

fracture pattern, and failure mode were documented. 

The examined SFSCC beams exhibited a more ductile 

behavior than the SCC and NC beams, resulting in 

more impact energy. The fracture width was 

significantly reduced due to SF confinement. The 

midspan deviation of all tested beams with SCC 

reduced as the concrete compressive strength rose. The 

addition of SF to SCC significantly improved function 

and flexural capacity. 

 

Siefaldeen Odaa et-al [34], have examined and 

analyzed the ductility index in terms of absorbed 

energy in SFRSCC under flexural stress. Under 

flexural loads, twelve reinforced SCC beams, divided 

into two groups of six beams, were evaluated (with 

and without steel fibers). The research included 

minimum and maximum steel ratios as well as three 

concrete grades (G20, G50, and G60).The results show 

that the flexural stiffness of the fiber SCC beam 

specimens is increased to avoid beam movement and, 

as a result, cracking. Furthermore, the findings show 

that the change of fibrous material into SCC is 

extremely efficient. A material is stronger as its 

ductility index, energy dissipation, and flexural 

capacity increase (lE). In addition, the flexural strength 

increases with an increase in the proportion of steel 

fibers, concrete compressive strength, and steel 

reinforcement ratio. In comparison to non-fibrous SCC 

beams, the ductility index increased by about (2.23%–

12.57%), (5.88–38.55%), and (6.62–17.49%) for grade 

20, grade 50, and grade 60 SSC beams reinforced with 

SF. 

 

 

 

In 2021, I.G. Shaaban et al., [35] studied the  flexural 

characteristics of lightweight ferrocement beams with 

various types of core materials and mesh 

reinforcement. They cast sixteen reinforced concrete 

beams having the cross-sectional dimensions of 

100*200*2000 mm and clear span of 1800 mm. They 

tested beams until failure under a single mid-span 

concentrated load.. Ferrocement beams contained 

either an Autoclaved Aerated lightweight brick Core 

They found that,  ferrocement beams with EMM 

generally gave higher ductility index than those with 

WWM. Ferrocement beams were found to show better 

crack control and less spalling compared to the 

conventional beams(AAC), Extruded Foam Core 

(EFC),or a Lightweight Concrete Core (LWC); and 

were reinforced with either Expanded Metal Mesh 

(EMM),  Welded Wire Mesh (WWM) or Fibre Glass 

Mesh (FGM).Ductility was found to be highly affected 

by type of mesh reinforcement

 

In 2021a study on the  behaviour of reinforced 

concrete beams containing hybrid fibres on flexure. 

Fifteen     beams were cast using three   three types of 

fiber as  ( polypropylene, (PP), polyvinyl alcohoor 

https://www.sciencedirect.com/topics/engineering/polyvinyl-alcohol
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hybrid fibres) and tested under flexure.  The fibres 

were used up to 2.5% in the beams which were 

reinforced with and without shear reinforcement . All 

the beams were tested under four point bending with 

span to depth (a/d) ratio of 2.25. It was found that the 

PP, PVA fibres, and their hybrid in RC beams showed 

higher ductility in terms of multiple cracking before 

failure as compared with control beam without fibres. 

It was noticed also that PVA fibre showed a relatively 

greater flexural strength and recovery effect compared 

to PP fibre. Adding more than 1.5% PVA or hybrid 

fibres (1.5% PVA and 0.375% PP) without shear 

reinforcement contributed towards increasing shear 

capacity and ductility compared to the control beam 

containing shear reinforcement without fibres. A 

combination of small amount of hybrid fibres (0.75% 

PVA and 0.75% PP) and stirrups reinforcement 

resulted in a higher shear strength and higher ductility 

compared to other studied beams without shear 

reinforcement, which contain PVA, PP fibres up to 

2.5% or hybrid fibres (1.5% PVA and 0.375% 

PP).[36]

 

Beshara ,A.F.B., et al [37] presented a paper in the 

development of simple semi-empirical formulae for 

the analysis of nominal flexural strength of high 

strength steel fiber reinforced concrete (HSFRC) 

beams. Such developed formulae were based on strain 

compatibility and equilibrium conditions for fully and 

partially HSFRC sections in joint with suitable 

idealized compression and tension stress blocks. The 

stress blocks were given by suitable empirical 

functions for the compressive and post-cracking 

strengths of HSFRC. The enhancement in compressive 

strength due to fibers inclusion is proposed as a 

function of concrete matrix strength and fiber 

reinforcing index.He found that there is a good 

agreement between the flexural strengths for HSFRC 

beams predicted by the proposed formulae and the 

experimental results reported in the literature. while 

the predicted flexural strengths as computed by ACI 

Committee 544.4R (ACI Struct J 85:563–580, 1988) 

[38] and ACI Committee 544.1R (ACI Struct J 94:1–

66, 1997)[39] were very conservative. The parametric 

studies indicate that the nominal moment section 

capacity increases with the increase of fiber content 

and fiber aspect ratio. 

 

 

Joseph P. Rizzuto et al.[40] investigated the effect of 

self-curing admixture on concrete properties in hot 

climate Conditions. The following study was cried out 

by mixing concretes at a temperature of 25 °C and 

50 °C by incorporating 1.5% of PEG 400 in the 

concrete. Trials were also carried out by varying the 

temperature of mixing water which was varied from 

5 °Cto35°C. The results indicated that self-curing 

concretes out performed those concretes which were 

subjected to normal curing regime [40].

 

2. Research Significant 
 

Based on the research gap from the above literature 

review, the current study aims to investigate the 

flexure behavior of reinforced concrete beams 

containing  various steel fiber content, different type 

with different areas of main reinforcement.  The used 

main reinforcement was the highest grade of steel 

rebar included in the Egyptian Standards 

Specifications ES 262-2/2015.  The research focuses 

on the effect  of cracking patterns and failure mode, 

effect of main reinforcement area, effect of rebar 

grades, and effect of fiber content. This will be 

achieved by testing 6 concrete beams  containing 

different percentages of steel fiber and different types 

of main reinforcement

  

3.Experimental Program 

3.1Tested Specimens 

Six rectangular beams (B1 to B6) of cross section of 

size 100×200 mm and a length of 2000 mm were 

casted and tested under four-point bending until 

failure. One beam (B1) was used as a reference beam 

without steel fibers, while the other five beams (B2 to 

B6) were cast using steel fibers. The clear span of the 

beams was 1750 mm, and the two different loading 

points were 350 mm apart and proportionally 

positioned near the beam's mid span. The tested beams 

had a shear span of 700 mm. Figure 1 depicts the beam 

dimensions, placement of the loading points, and 

reinforcing details of the specimen beams, whereas 

Figure 2 depicts the specimen beams' cross section. 

 

 

Figure 1: Beam dimensions, and reinforcement details. 

 

Figure 2: Cross section of the beam specimens

 

 

Figure 1: Beam dimensions, and reinforcement details. 

https://www.sciencedirect.com/topics/engineering/polyvinyl-alcohol
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Figure 2: Cross section of the beam specimens

 

Table 1 shows the details of tested specimens. The 

main reinforcement for beams B1 to B3 were two 

B500DWR 12 mm diameter. The main reinforcement 

for beam B4 were two B500CWR 12 mm. The main  

reinforcement for beam B5 were two B500DWR 10 

mm and for beam B6 were two B500C-R 16 mm.   

 

For all beams, the secondary reinforcement was two 

bars, eight mm diameter each, mild steel and ten mm 

diameter B500DWR closed stirrups at 180 mm 

intervals were used in the shear zone.  

 

 
Table 1: Details of beam specimens 

Beam code B1 B2 B3 B4 B5 B6 

fiber content kg/m
3
 0 25 50 25 25 25 

Main reinforcement       2 12                        2 12 2 10 2 16 

Rebar grades B500DWR B500CWR B500DWR B500C-R 

 

3.2 Materials 
The beams were casted with Self-Consolidating 

Concrete (SCC) of grade 50. Table2 shows concrete 

mix proportion for specimen. The cement used in the 

mixes was CEMI-52.5 N has a specific gravity of 

3.15 according to the European Standard EN 197-

1[41] and produced by Misr Beni Suef Company, 

Egypt. The fine aggregate was naturally siliceous 

sand that complied with EN196-1 specifications 

[42]. The maximum aggregate size of the used 

coarse aggregate was 19 mm as it was the 

commercial type available. High range water-

reducing, Type F admixtures with dark brown color 

and density 1.225 kg/L was used. The 

cementations materials were 475 kg CEM1 52.5 N 

and 25 kg silica fume. The water to 

cementations materials ratio was 0.34. Three 

standard cubes with length of 150 mm were prepared 

and cured under standard conditions 28 days until 

tested day. 

The used main reinforcement rebar was the highest 

grade of steel rebar included in the Egyptian 

Standards Specifications ES 262-2/2015 which is 

compliant with the International Standards ISO 

6935-2/2007, and is accredited in the Egyptian Code 

for the Design and Construction of Reinforced 

Concrete Structures ECP 203-2020. It has Highest 

Ductility and Tensile Strength to Yield Strength ratio 

≥1.25 which is the only Ductility Class permitted in 

the design of structural elements resisting earthquake 

loads according to the Egyptian Code.

 

Table 2: Concrete mix proportion for beam specimens 

Cement Silica fume Dolomite Sand Water Admixture 

475 kg 25 kg 827 kg 827 kg 170 lit. 13 kg. 

  

 

Cross section of beams B1 : B4 Cross section of beam B5 Cross section of beam B6 

 

https://www.google.com/search?sxsrf=ALeKk033Fw8j8JERCurBsTP0lq8WtI3JNg:1627202701774&q=cementitious+materials&spell=1&sa=X&ved=2ahUKEwj655C46v3xAhUC2uAKHUo_BCkQkeECKAB6BAgBEDQ
https://www.google.com/search?sxsrf=ALeKk033Fw8j8JERCurBsTP0lq8WtI3JNg:1627202701774&q=cementitious+materials&spell=1&sa=X&ved=2ahUKEwj655C46v3xAhUC2uAKHUo_BCkQkeECKAB6BAgBEDQ
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Table 3 illustrates the results of the properties of the 

concrete mix which was calculated using the 

Empirical method for concrete mix design with and 

without steel fiber in fresh and hardened states. The 

(D) numbers reflect the greatest ultimate diameter of 

the spread slump flow, whilst the (T50) values 

indicate the duration needed for concrete flow to 

reach a 50cm diameter circle. These findings meet 

the BS-EN-12350-8 requirements for SCC 

acceptability[43]and show outstanding deformability 

without blockage. Figure 3 shows the slump flow 

diameter for SCC mixture while, figure 4 shows the 

specimens during concrete pouring. 

Table 3: Characteristics of the concrete mix in fresh and hardened states. 

Beam Id. B1 B2 B3 B4 B5 B6 

Fiber content kg/m
3
 0 25 50 25 25 25 

T50 sec. 4 3.55 3.53 3.55 3.55 3.55 

Slump flow final diameter (D) mm. 740 700 680 700 700 700 

Concrete compressive strength Mpa 

 

50 54 54.6 54 54 54 

 

 
Figure 3: The slump flow test. Figure 4: Beams during concrete pouring. 

 

3.3 Position of strain gages and LVDT 

To assess the strain variation as a function of 

loading, two strain gauges, ST1 and ST2 (10 mm 

Kyowa gage length), were mounted in two distinct 

locations on each RC beam. The first strain gauge 

(ST1) was installed at the top of the steel bar, while 

the second strain gauge (ST2) was positioned at the 

bottom of the steel bar. The deflections of the tested 

beams were determined using linear variable 

displacement transducers (LVDT). The data from the 

“LVDTs” and electrical straining gages were 

recorded using a data logger. Figure 5, and Figure 6 

show the used strain gauges LVDT.  

 

 

 

3.4 Test procedure 

The four-point loading method was adopted for 

testing all beams with central section subjected to 

pure bending without shear effect. The beams were 

loaded monotonically utilizing a digitally controlled, 

500 kN-capacity Shimadzu Universal Testing  

Machine (UTM).The crack propagation, mode of 

failure and failure load for each beam were recorded. 

Figure 6shows the locations of “LVDTs”, and 

figure7shows the test set up. 

 

 
 

  

 
Figure 5:The used strain gauges. Figure 6:LVDTs 

location. 

Figure 7:Test set up. 
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4.Results and discussion 

4.1Effect of fiber content 

As shown in table3, the steel fiber content for 

beamsB1, B2, and B3 was 0, 25, 50 kg/m
3
 

respectively. Table 4 summarizes the test results for 

the beams B1 to B3.  

 

Table 4: Test Results for beams B1:B3. 

 

Beam 

code 

 

Fiber 

content 

kg/m
3
 

Failure load 
Maximum 

deflection 

Tensile strain at 

failure load 

Compressive strain at 

failure load 

kN 
Ratio to 

Control 
mm. 

Ratio to 

Control 

mm./ 

mm. 

Ratio to 

Control 

mm./ 

mm. 

Ratio to 

Control 

B1 0 57.56 100.0% 32.3 100.0% 0.0261 100.0% 0.0021 100.0% 

B2 25 58.44 101.5% 32.6 101.2% 0.0168 64.4% 0.0016 76.2% 

B3 50 61.43 106.7% 30.0 93.1% 0.0259 99.2% 0.0012 57.1% 

 

Figure 8 depicts the connection between load and 

maximum deflection for these beams. The results 

show that, for beams B1:B3 the relation between 

load and maximum deflection is linear up to initial 

cracking load after which the relationship is non-

linear. The results show that, for all stages of 

loading and until failure, the recorded deflection for 

beams B2, and B3, in which the steel fiber was 

used, is less than that for beams B1 without steel 

fiber. The maximum deflection for beams B2 and B3 

were 101.2% and 93.1 % of that of the control beam 

B1. On the other hand, Figure 9 depicts the load-

tensile strain relationship in the primary steel of 

beams B1:B3. The relation between load and 

maximum compressive strains in secondary steel of 

beams B1:B3 at different stages of loading is drawn 

in Figure 10. The addition of steel fibres in the SCC 

has been found to increase the flexural strength for 

medium and high strength up to 46% and 37.5%, 

respectively The use of steel fibers affected 

positively the maximum load. The addition of 30 

kg/m
3
 and 60 kg/m

3
 of steel fibers caused the 

maximum loads to increase by 26.6% and 36.6% 

respectively, with respect to the reference specimen 

[44]. 
 

 
The use of fibres of different sizes are needed to 

improve the control of multi-level cracking of 

reinforced concrete (RC) as it was indicated by 

Shabaan,I.G., et al  [36]. He also noticed  that PVA 

fibre showed a relatively greater flexural strength and 

recovery effect compared to PP fibre. Adding more 

than 1.5% PVA or hybrid fibres (1.5% PVA and 

0.375% PP) without shear reinforcement contributed 

towards increasing shear capacity and ductility 

compared to the control beam containing shear 

reinforcement without fibres. A combination of small 

amount of hybrid fibres (0.75% PVA and 0.75% PP) 

and stirrups reinforcement resulted in a higher shear 

strength and higher ductility compared to other 

studied beams without shear reinforcement, which 

contain PVA, PP fibres up to 2.5% or hybrid fibres 

(1.5% PVA and 0.375% PP)[36] 
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Figure 8: The relation between load and maximum deflection for beams B1: B3 

 

 
 

 

Figure 9: The relation between load and maximum tensile strain for beamsB1: B3 

 
 

Figure 10: The relation between load and maximum compressive strain for beams B1: B3 

 
It is clear that, the recorded tensile and compressive 

strains for beams B2 and B3, in which the steel 

fiber was used, is less than that for beams B1which 

does not have steel fiber, for all stages of loading 

and until failure. The tensile strain at failure load for 

beams B2 and B3 were 64.4.7% and 99.2 % of that 

of the control beam B1. For beams B2 and B3, at 

failure load, the compressive strain was 76.2 and 

57.1 percent of that of the control beam B1.Beams 

B2 and B3 had failure loads that were 101.5.3% and 

106.7% of the control beam B1. 

 

 
4.2 Effect of Rebar Grades 

In this research, two rebar grades B500D and B500C were used for beams B2 and B4 respectively. Table 5 

summarizes test results for the beams B2 and B4.  
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Table 5: Test Results for beams B2 and B4 

 

Beam 

code 

 

Rebar 

grades 

Failure load 
Maximum 

deflection 

Tensile strain at 

failure load 

Compressive strain at 

failure load 

kN 
Ratio to 

Control 
mm. 

Ratio to 

Control 

mm./ 

mm. 

Ratio to 

Control 

mm./ 

mm. 

Ratio to 

Control 

B2 B500D 58.44 101.5% 32.6 101.2% 0.0168 64.4% 0.0016 76.2% 

B4 B500C 59.14 102.7% 37.1 114.9% 0.0127 48.7% 0.0019 90.5% 

 
Figure 11depicts the relationship between beam B2 

and B4 load and maximum deflection. The results 

show that, the recorded deflection for beams B2 

and B4 is almost the same. depicts the relationship 

between beam B2 and B4's load and tensile strain 

Figure 12. Figure 13 depicts the relationship between 

compressive strain and load for beams B2 and B4. 

The results show that, the recorded tensile or 

compressive strains for beams B2, and B4 is very 

close to each other. The failure load of beams B2 and 

B4 was 101.5 and 102.7 percent of the control beam 

B1, respectively. The greatest deflection of beams 

B2 and B4 was 101.2 and 114.9% of that of beam 

B1, which served as the control beam. The tensile 

strain at failure load for beams B2 and B4were64.4 

% and48.7 % of that of the control beam B1. The 

compressive strain at failure load for beams B2 and 

B4 were76.2 % to 90.5 % of that of the control beam 

B1.It can be concluded that, the Rebar grades has no 

effect on structure behavior of beams B2 and B4. 

 
 

 

Figure 11: The relation between load and maximum deflection for beams B1: B3 

 

0

20

40

60

80

100

120

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

Lo
ad

 k
N

. 

Max. Deflection mm. 

B2 B4



                                                 Vol.42, No.2. July2023 
 

 378 

 
 

Figure 12: The relation between load and maximum tensile strain for beamsB1: B3 

 

 
Figure 13: The relation between load and maximum compressive strain for beams B1:B3. 

 

4.3Effect of Main Reinforcement Area 

The main reinforcement for beams B2, B5 and B6 

was 2 12, 2 10 and 2 16, respectively. 

Table 6 summarizes the test results for the beams 

B2, B5 and B6. The failure load for beams B2, B5 

and B6 ranged from 75.3% to 164.9% of that of 

control beam B1. Beam B6 exhibited the maximum 

load carrying capacity which is about 164.9 % of the 

control beam capacity.

 

Table 6: Test Results for beams B2, B5, and B6. 

 

Beam 

code 

Main 

Reinforc

ement 

% 

Failure load 
Maximum 

deflection 

Tensile strain at 

failure load 

Compressive strain at 

failure load 

kN 
Ratio to 

Control 
mm. 

Ratio to 

Control 

mm./ 

mm. 

Ratio to 

Control 

mm./ 

mm. 

Ratio to 

Control 

B2 1.131 58.44 101.5% 32.6 101.2% 0.0168 64.4% 0.0016 76.2% 

B5 0.786 43.35 75.3% 35.5 109.9% 0.0363 139.1% 0.0009 42.9% 

B6 2.01 94.95 164.9% 26.2 81.3% 0.0178 68.2% 0.0012 57.1% 
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The relationship between load and maximum 

deflection for beams B2, B5, and B6 is depicted in 

Figure 14.The results show that: the recorded 

deflection for beams B2, and B6, is less than that 

for beam B5, for all stages of loading and until 

failure. The recorded deflection for beams B6, is 

less than that for beam and B2, and B5, for all 

stages of loading and until failure. The maximum 

deflection for beams B2, B5 and B6 was 101.5%, 

109.9%, and 81.3% of that of the control beam B1, 

respectively. 

 

 
Figure 14: The relation between load and maximum deflection for beamsB2,B5and B6 

 

 
The correlation between load and tensile strain for 

beams B2, B5, and B6 is illustrated in Figure 15. 

The results show that: the recorded tensile strain for 

beams B2, and B6, is less than that for beam B5, 

for all stages of loading and until failure. The 

recorded tensile strain for beams B6 was less than 

that for beam B2 and B5, for all stages of loading 

and until failure. The tensile strain at failure load 

for beams B2, B5 and B6 ranged from 64.4% to 

139.1% of that of the control beam B1. Figure 16 

shows the relation between load and compressive 

strain for beams B2, B5and B6. The compressive 

strain at failure load for beams B2, B5 and B6 

ranged from 42.9% to 76.2% of that of the control 

beam B1. 

 

 
 

Figure 15: The relation between load and maximum tensile strain for beamsB2, B5,and B6. 
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Figure 16: The relation between load and maximum compressive strain for beams B2, B5 and B6. 

 

4.4 Cracking Patterns and Failure Mode 

Figure 17 shows the cracking pattern recorded at the 

ultimate load for beams B1 (reference)  and beams 

B2 to B6 ( with steel fibers). Some remarks were 

observed as follow: the cracking pattern of beams B2 

to B5 is more or less the same as beams B1. The 

failure mode of these beams was flexure tension. 

The number of cracks for beam B5 is less than the 

number of cracks of beam B1 this may be due to 

the effect of main reinforcement area. For beam B6, 

in addition to the flexure cracks during test, the 

compression zone failed at ultimate load, the mode 

of failure of beam B6 was flexure compression.  

According to Maher [45] in all specimens, the first 

crack was flexural in the maximal moment zone . 

The crack spacing was lighter while the crack 

network was denser in the beams with SFs than in 

the SCC beams. Crack propagation was delayed in 
the fiber-reinforced beams. This phenomenon can be 

explained bratioy  the capability of the fibers to 

transfer stresses to the concrete through a crack. 

Crack distribution was slightly more regular in the 

fiber-reinforced beams than in the SCC beams. Thus, 

the contribution of the concrete area between two 

existing flexural cracks to the tensile strength (i.e., 

concrete tension stiffening) was enhanced [45]. The 

first crack loads recorded ranged from approximately 

2.65–4.58% for all beams. The ultimate and cracking 

load carrying capacities of the SCC (with SFs) 

beams were greater than those of the SCC beams. 

This result can be attributed to the capability of the 

SFs to confine crack growth [46]. 
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Figure 17: Cracking patterns and modes of failure at ultimate load for tested beams 

4.5 Structural Ductility 
Azizinamini et al. [47] adopted a displacement 

ductility ratio as a measure to assess the ductility of 

lap-spliced RC beam specimens. The ratio of the 

largest midspan to the initial yield displacement of 

beams (equation (1)) is used as this indication. The 

initial yield displacement, y, correlates to the 

junction of the load displacement curve's tangents at 

the source and the maximum displacement, max 

(figure 18-a). In addition to the strength requirement, 

the displacement–ductility ratio provides a new 

criterion for forecasting the behavior of lap-spliced 

reinforced concrete beams. 

 

Displacement ductility ratio = u / y                                                     (1) 

 
Cohn and Bartlett [48] proposed a much more 

acceptable concept for a displacement ductility 

index.Thus, the displacement ductility index can be 

calculated as the ratio between the displacement 

corresponding to 85% of the maximum load on the 

post-peak region to the displacement of the first 

return of the beam(eq. (2) and figure. 18-b).  

Displacement ductility index =  0.85Pmaximum / y                                                     (2) 

 

Energy ductility, on the other hand, may be 

determined as the ratio of the area under the load-

deflection diagram at ultimate load to the region 

under the load-deflection graph up to yielding of 

tension steel (elastic energy) eq. (3). 

 
Energy ductility ,E = Eu / Ey                      (3) 

 
Where 

max = midspan deflection at ultimate load;  

0.85Pmaximum = displacement equivalent to 85% of the maximum load in the region of the curve after the peak; 

Eu = the area beneath the load–deflection diagram at maximum load; 

y = midspan deflection at yielding of tension steel; 

Ey = area under the load–deflection diagram of tension steel till yielding (elastic energy) 
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Figure 18 definition of displacement-ductility ratio. 

 
Table (7) shows the Displacement ductility ratio, 

Displacement ductility index and Energy ductility 

While, table (8) shows Ductility ratios for tested 

beams. 

 
Table 7: Ductility indices for tested beams. 

Beam B1 B2 B3 B4 B5 B6 

Failure load (kN) 
57.56 58.44 61.43 59.14 43.35 94.95 

max 32.26 32.64 30.03 37.06 35.45 26.22 

y 8.3 8.0 7.9 8.1 9.7 9.2 

Displacement ductility ratio 3.89 4.08 3.80 4.58 3.65 2.85 

0.85Pmaximum 32.26 32.56 26.5 35 33.8 19.3 

y 8.3 8.0 7.9 8.1 9.7 9.2 

Displacement ductility index 3.89 4.07 3.35 4.32 3.48 2.10 

Energy ductility 6.87 7.30 6.04 7.5 5.5 4.4 

 
Table 8: Ductility ratios. 

Beam B1 B2 B3 B4 B5 B6 

Failure load (ratio to control) 
1.000 1.015 1.067 1.027 0.753 1.649 

Displacement ductility ratio 
1.000 1.049 0.977 1.177 0.938 0.733 

Displacement ductility index 
1.000 1.046 0.861 1.111 0.895 0.540 

Energy ductility 
1.000 1.063 0.879 1.092 0.801 0.640 

 
Referring to tables 7 and 8, it could be concluded 

that:- 

1 –The displacement ductility ratio for beams B2: B6 

ranged from 73.3% to 117.7% as that of control 

beam. 

2 –The displacement ductility index for beams B2: 

B6 ranged from 54.0 % to 111.1 % as that of control 

beam. 

3 –The energy ductility for beams B2: B6 ranged 

from 64.0 % to 109.2 % as that of control beam. 
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5.CONCLUSIONS 

 

Based on the previous results, it can be concluded 

that: 

 

1-The tensile strain at failure load for beams B2 and 

B3 was 64,4.% and 99.2% of that of beam B1, which 

served as the control. The compressive strain at 

failure load for beams B2 and B3 was 76.2 and 57.1 

% of that of beam B1, the control beam. The failure 

load for beams B2 and B3 were 101.5.3 and 106.7 % 

of that of the control beam B1. 

2- The rebar grades has no effect on structure 

behavior of beams B2 and B4. 

3- Changing the main reinforcement for beams B2, 

B5 and B6 was 2 12, 2 10 and 2 16, 

respectively. The recorded deflection for beams B2, 

and B6, is less than that for beam B5, for all stages 

of loading and until failure. The recorded deflection 

for beams B6, is less than that for beam and B2, and 

B5, for all stages of loading and until failure. The 

maximum deflection for beams B2, B5 and B6 was 

101.5,109.9, and 81.3% of that of the control beam 

B1, respectively. 

4- The number of cracks for beam B5 is less than 

the number of cracks of beam B1 this may be due 

to the effect of main reinforcement area. 

5- For beam B6, in addition to the flexure cracks 

during test, the compression zone failed at ultimate 

load, the mode of failure of Beam B6 was flexure 

compression. 

  

 

References 
[1] K. Ozawa, K. Maekawa, M. Kunishima, H. 

Okamura,” Development of high performance 

concrete based on the durability design of concrete 

structures ”, Proceedings of the 2nd East-Asia and 

Pacific Conference on Structural Engineering and 

Construction (EASEC-2), 1, 1989, pp. 445-450.  

[2] ACI 544.1R-96,”State-of-the-Art Report on Fiber 

Reinforced Concrete”, American Concrete Institute, 

2001. 

 [3] O. A. Ige,”Key Factors Affecting Distribution 

and Orientation of Fibers in Steel Fiber Reinforced 

Concrete and Subsequent Effects on Mechanical 

Properties” , PHD thesis, School of Civil 

Engineering and Surveying University of 

Portsmouth, JANUARY 2017, pp.29. 

 [4] N. V. Bekaert, “Technical Presentation; 

Reinforcing the future. New and ultimate Dramix 

range”, London, 2013.  

[5] S. Grunewald, “Performance based design of 

self-compacting steel fiber reinforced concrete”, 

Ph.D. Thesis, Delft University of Technology, 2004 

pp.91, 19.  

[6] N. Ozyurt, T. O. Mason and S. P 

Shah,”Correlation of fiber dispersion, rheology and 

mechanical performance of FRCs”, Cement Concr. 

Compos, 29, 2007, 70–79. 

[7] A. Adjrad, Y. Bouafia, M. Kachi, F. Ghazi, 

"Prediction of the rupture of circular sections of 

reinforced concrete and fiber reinforced concrete," 

Int. J. Concr. Struct. Mater. (2016) 1–9, 

http://dx.doi.org/10.1007/s40069-016-0137-8.  

[8] L. Biolzi, S. Cattaneo, F. Mola, "Bending-shear 

response of self-consolidating and high-performance 

reinforced concrete beams", Eng. Struct. 59 (2014) 

399–410, 

http://dx.doi.org/10.1016/j.engstruct.2013.10.043.  

  

[9] R. Ghavidel, R. Madandoust, M.M. Ranjbar, 

"Reliability of pull-off test for steel fiber reinforced 

self-compacting concrete, Measurement "73 (2015) 

628–639.  

[10] R. Madandoust, M.M. Ranjbar, R. Ghavidel, 

S.F. Shahabi, "Assessment of factors influencing 

mechanical properties of steel fiber reinforced self-

compacting concrete," Mater. Des. 83 (2015) 284–

294, http://dx.doi.org/10.1016/j.matdes.2015. 

06.024.  

[11] C. Shi, Z. Wu, K. Lv, L. Wu, A review on 

mixture design methods for self-compacting 

concrete, Constr. Build. Mater. 84 (2015) 387–398.  

[12] S. Tichko, G. De Schutter, P. Troch, J. 

Vierendeels, R. Verhoeven, K. Lesage, N. Cauberg, 

"Influence of the viscosity of self-compacting 

concrete and the presence of rebars on the formwork 

pressure while filling bottom-up", Eng. Struct. 101 

(2015) 698–714, 

http://dx.doi.org/10.1016/j.engstruct.2015.08.008.  

[13] S. Cattaneo, F. Mola, "Assessing the quality 

control of self-consolidating concrete properties," J. 

Constr. Eng. Manag. (2011), 

http://dx.doi.org/10.1061/(asce)co. 1943-

7862.0000410.  

[14] O. Gensel, W. Brostow, T. Datashvili, M. 

Thedford, Workability and mechanical performance 

of steel fiber-reinforced self-compacting concrete 

with fly ash, Compos. Interfaces 18 (2011) 169–184.  

[15] S. Goel, S. Singh, P. Singh, "Flexural fatigue 

strength and failure probability of Self Compacting 

Fibre Reinforced Concrete beams," Eng. Struct. 40 

(2012) 131–140, 

http://dx.doi.org/10.1016/j.engstruct.2012.02.035.  

[16] A. Hassan, K. Hossain, M. Lachemi, "Strength, 

cracking and deflection performance of large-scale 

self-consolidating concrete beams subjected to shear 

http://dx.doi.org/10.1016/j.engstruct.2013.10.043
http://dx.doi.org/10.1016/j.engstruct.2015.08.008
http://dx.doi.org/10.1016/j.engstruct.2012.02.035


                                                 Vol.42, No.2. July2023 
 

  384 

failure," Eng. Struct. 32 (5) (2010) 1262–1271, 

http://dx.doi.org/10.1016/j.engstruct.2010.01. 002.  

[17] M.J. Oliveira, A.B. Ribeiro, F.G. Branco, 

"Curing effect in the shrinkage of a lower strength 

self-compacting concrete," Constr. Build. Mater. 

(2015), http://dx.doi.org/ 

10.1016/j.conbuildmat.2015.04.035.  

[18] M.M. Kamal, M.A. Safan, Z.A. Etman, B.M. 

Kasem, "Mechanical properties of selfcompacted 

fiber concrete mixes, HBRC J. 10 (1) (2014) 25–34, 

http://dx.doi.org/ 10.1016/j.hbrcj.2013.05.012.  

[19] M. Kamal, M. Safan, A. Bashandy, A. Khalil, 

"Experimental investigation on the behavior of 

normal strength and high strength self-curing self-

compacting concrete," J. Build. Eng. (2017), 

http://dx.doi.org/10.1016/j.jobe.2017.12.012.  

[20] EFNARC. Specifications and guidelines for 

self-compacting concrete. EFNARC, UK. 2002. Pp. 

1–32.  

 [21] ACI Committee 237. Self-consolidating 

concrete. (ACI 237R-07). American Concrete 

Institute, USA. 2007. Pp. 1–30.  

 [22] Sahmaran, M., Yurtseven, A., Yaman, O. 

"Workability of hybrid fiber reinforced self-

compacting concrete". Building and Environment. 

2005. 40. Pp. 1672–1677.  

[23] Aslani, F., Nejadi, S. "Self-compacting concrete 

incorporating steel and polypropylene fibers: 

compressive and tensile strengths, modulus of 

elasticity and rupture, compressive stress-strain 

curve, and energy dissipation under compression". 

Composites: Part B. 2013. 53. Pp. 121–133.  

[24] Abid, S.R., Hilo, A., Ayoob, N.S., Daek, Y.H. 

"Underwater abrasion of steel fiber-reinforced self-

compacting concrete." Case Studies in Construction 

Materials. 2019. e00299.  

[19] Travush, V.I., Konin, D.V., Krylov, A.S." 

Strength of reinforced concrete beams of high-

performance concrete and fiber reinforced concrete." 

Magazine of Civil Engineering. 2018. 77(1). Pp. 90–

100.  

[20] Ayoob, N.S., Abid, S.R, Hilo, A.N., Daek, T.H. 

"Water-Impact Abrasion of Self-Compacting 

Concrete". Magazine of Civil Engineering. 2020. 4. 

Pp. 60–69.  

[21] S. Grünewald, J.C. Walraven, "Parameter-study 

on the influence of steel fibers and coarse aggregate 

content on the fresh properties of self-compacting 

concrete," Cem. Concr. Res. 31 (12) (2001) 1793–

1798, http://dx.doi.org/10.1016/s0008-8846(01) 

00555-5.  

[22] N.-H. Dinh, K.-K. Choi, H.-S. Kim, 

"Mechanical properties and modeling of amorphous 

metallic fiber-reinforced concrete in compression", 

Int. J. Concr. Struct. Mater. (2016) 1–16, 

http://dx.doi.org/10.1007/s40069-016-0144-9. 

[23] S. Goel, S. Singh, "Fatigue performance of plain 

and steel fibre reinforced self compacting concrete 

using S–N relationship," Eng. Struct. 74 (2014) 65–

73, http:// 

dx.doi.org/10.1016/j.engstruct.2014.05.010.  

[24] J.-H. Hwang, D.H. Lee, H. Ju, K.S. Kim, T.H.-

K. Kang, Z. Pan, "Shear deformation of steel fiber-

reinforced prestressed concrete beams," Int. J. Concr. 

Struct. Mater. (2016) 1–11, 

http://dx.doi.org/10.1007/s40069-016-0159-2.  

[25] M.S. Islam, S. Alam, "Principal component and 

multiple regression analysis for steel fiber reinforced 

concrete (SFRC) beams," Int. J. Concr. Struct. 

Mater. 7 (4) (2013) 303–317, 

http://dx.doi.org/10.1007/s40069-013-0059-7.  

[26] S.-K. Woo, K.-J. Kim, S.-H. Han, "Tensile 

cracking constitutive model of Steel Fiber 

Reinforced Concrete (SFRC)," KSCE J. Civil. Eng. 

18 (5) (2014) 1446–1454, http:// 

dx.doi.org/10.1007/s12205-014-0335-3. 

[27] P.R. Tadepalli, H.B. Dhonde, Y. Mo, T.T. Hsu, 

"Shear strength of prestressed steel fiber concrete I-

beams," Int. J. Concr. Struct. Mater. 9 (3) (2015) 

267–281, http://dx. doi.org/10.1007/s40069-015-

0109-4. 

[28] A. Kanellopoulos, M.F. Petrou, I. Ioannou" 

Durability performance of self-compacting 

concrete," Constr. Build. Mater. 37 (2012) 320–325, 

http://dx.doi.org/10. 1680/macr.11.00165.  

[29] Bhalchandra, S. A., and Bajirao P. A., 2012, 

"Performance of Steel Fiber Reinforced Self 

Compacting Concrete," International Journal of 

Computational Engineering Research 

(ijceronline.com) Vol. 2 Issue. 4, pp. 1042-1046. 

[30] Paja, M. k., and Ponikiewski, T., 2013, 

"Flexural behavior of self-compacting concrete 

reinforced with different types of steel fibers," 

Construction and Building Materials, Vol. 47 pp. 

397–408.  

[31] Y. Fritih, T. Vidal, A. Turatsinze, G. Pons, 

"Flexural and shear behavior of steel fiber 

reinforced SCC beams" KSCE J. Civil. Eng. 17 (6) 

(2013) 1383–1393, http://dx.doi. 

org/10.1007/s12205-013-1115-1 

[32]Vengadesan, R., Vijipriya3, S., and Anbarasi4, 

R., 2016, "Experimental Study on Flexural Behavior 

of Self Compacting Concrete using Steel Fiber," 

IJERT, Vol. 5 Issue 6, pp. 519-522. 

[33] MahirMahmod, Ammar N. and Hanoona, 

Haitham J. Abed," Flexural behavior of self-

compacting concrete beams strengthened with steel, 

fiber reinforcement" Journal of Building Engineering 

16 (2018) 228–237, 

https://doi.org/10.1016/j.jobe.2018.01.006 

[34] SiefaldeenOdaa, M.M. Hason and Amjad Ali K. 

Sharba, "Self-compacting concrete beams reinforced 

with steel fiber under flexuralloads: A ductility index 

evaluation," Materials Today: Proceedings, 

https://doi.org/10.1016/j.matpr.2020.12.313 

[35] Shaaban, I.G., Said, M., Khan, S. U., Eissa, M., 

Elrashidy, K., August 2021, “Experimental and 

Theoretical Behaviour of Reinforced Concrete 

Beams Containing Hybrid Fibres”, Structures, 

http://dx.doi.org/10.1016/j.jobe.2017.12.012
http://dx.doi.org/10.1007/s40069-016-0144-9
http://dx.doi.org/10.1007/s40069-016-0159-2
http://dx.doi.org/10.1007/s40069-013-0059-7


                                                 Vol.42, No.2. July2023 
 

  385 

Vol.32,pp.2143-

2160 https://doi.org/10.1016/j.istruc.2021.04.021 

 

[36] Shaaban, I.G., Said, M., Khan, S. U., Eissa, M., 

Elrashidy, K., August 2021, “Experimental and 

Theoretical Behaviour of Reinforced Concrete 

Beams Containing Hybrid Fibres”, Structures, Vol. 

32, pp. 2143-

2160 https://doi.org/10.1016/j.istruc.2021.04.021 

 

[37]Beshara, F.B.A., Shaaban, I.G., and Mustafa, 

T.S., "Nominal Flexural Strength of High Strength 

Fibre Reinforced Concrete Beams", Arabian Journal 

of Science and Engineering, Springer, V.37, No. 2, 

March 2012, pp. 291-

301. http://link.springer.com/article/10.1007%2Fs13

369-012-0172-y 

 

[38]ACI Committee 544.4R: Design considerations 

for steel fiber reinforced concrete. ACI Struct. J. 85, 

563–580 (1988) (Reapproved 2002) 

[39]ACI committee 544.1R: State-of-the-art report 

on fiber reinforced concrete. ACI Struct. J. 94, 1–66 

(1997) (Reapproved 2002) 

[40] European Cement Standard EN 197-1 Cement – 

Part 1."Composition, Specifications and Conformity 

Criteria for Common Cements". 

[41] EN 196-1:2016 Methods of testing cement - 

Part 1:" Determination of strength" 

[42] BS-EN-12350-8, Testing fresh concrete. Self-

compacting concrete, Slump-Flow. Test. (2010) 14 

(BSI).  

[43] A. Khaloo, E. R. Molaei, P. Hosseini, and H. 

Tahsiri, “Mechanical performance of self-

compacting concrete reinforced with steel fibers,” 

Constr. Build. Mater., 51, pp. 179–186, (2014). 

[44] Mahmod,M.,  Ammar ,N., Haitham J.," Flexural 

behavior of self-compacting concrete beams 

strengthened with steel fiber reinforcement" Journal 

of Building Engineering, 16 (2018)pp. 228–237 

[45] H.H. Abrishami, D. Mitchell, Influence of steel 

fibers on tension stiffening, Struct. J. 94 (6) (1997) 

769–776, http://dx.doi.org/10.14359/9736 

[46] Azizinamini, A., Darwin, D., Eligehausen, R., 

Pavel, R., and Ghosh, S.K. "Proposed modifications 

to ACI 318-95 Tension Development and Lap Splice 

for High-Strength Concrete". ACI Structural Journal, 

96(6): 922–927. 

[47] Cohn, M.Z., and Bartlett, M. (1982). 

"Computer-Simulated Flexural Tests of Partially 

Pre-stressed Concrete Sections". ASCE Journal of 

Structural Division, 108(ST12): 2747–2765.  

 

 

https://doi.org/10.1016/j.istruc.2021.04.021#search/tren/_blank
https://doi.org/10.1016/j.istruc.2021.04.021#search/tren/_blank
http://link.springer.com/article/10.1007/s13369-012-0172-y#inbox/_blank
http://link.springer.com/article/10.1007/s13369-012-0172-y#inbox/_blank

