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A B S T R A C T: 
In This paper, an experimental work is carried out to study behavior and performance of Self compacted concrete (SCC) T-section 

beams reinforced with Aramid fiber reinforced polymers (AFRP) bar. Key variables that taken into consideration were flexural 

reinforcement ratio, different self-compacted concrete mixes having different strengths. Normal strength steel bars for data 

comparison. 9 samples of T-sections were designed using (AFRP) to be weak in flexure. 3 samples of T-sections were used with 

normal steel bars as control samples for comparison. The effect of these fiber reinforcement contents on flexural behavior and 

crack pattern were observed during third-point loading tests. A data comparison was performed between experimental and 

analytical beam calculation using ACI 440 as an applied design source. The results show that the final deflection was more in 

AFRP compared with steel reinforced beams indicating to significant enhancement in strength and toughness. The ultimate 

capacity of AFRP beams increased more than steel reinforced beams by increasing self-compacting concrete strength. The 

reinforcement ratio improves the final resisting load as the ratio increases. The maximum observed crack-width in beams 

reinforced with AFRP bars is three to five times that of normal steel reinforced beams. The exactness of the data depends on both 

the compressive strength and reinforcement ratio for both AFRP and conventional steel bars. It is seen from data comparison 

between the experimental work and the ACI 440, That the ACI440 is more conservative when AFRP is used in SCC. 

 
 

KEY WORDS: T-Beam, Aramid fiber reinforced polymer bar, Flexural behavior and Performance, Self-compacted concrete. 

DOI: http://dx.doi.org/10.21271/ZJPAS.32.2.11 

ZJPAS (2020) , 32(2);107-114   .       

 

 

 

INTRODUCTION : 

 

T-beam is produced as a combination slab 

beam action in reinforced concrete system as they 

placed monolithically; these two parts acts 

together to resist flexural and shear stresses (Daia 

& Thomas, 2002; Guowei et al., 2011; Tiago et 

al., 2010; Erki & Rizkalla, 1993). Self-Compacted 

Concrete (SCC) become popular in construction 

industry. 

 

 

 

 

 

 

 

 

         Because of high flowability and moderate 

viscosity, no blocking may occur during flow; 

which has to de-air by itself during casting of 

SCC. It is used in specific structures instead of the 

conventional type concrete (Yasser, 2012; Raya & 

Bilal 2015). Here the most point of concern in 

concrete structures is the durability. Corrosion of 

steel reinforcement (main element in casting 

members) is related to durability problem. 

Corrosion attacked constructions are chemical 

industry facilities, coastal structures, bridges, and 

ports; they are examples of critical structures 

subject to reinforcement corrosion. Different types 

of reinforcements are used to fill the tension 

weakness side of concrete, such as fiber-

reinforced polymers (FRP) (Abdullah & Abdul 

Kadir, 2016), glass fiber reinforced polymers 
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(GFRP), and aramid fiber reinforced polymers 

(AFRP). The main advantage of these materials 

than conventional reinforcement is corrosion 

resistance, it can be used in magnetic field area, 

and has high strength-to-weight ratio (Rolland et 

al., 2014; Efe & Head, 2014; Ola & Jonas, 1993). 

AFRP bars are made of composite fibers and 

possess numerous other distinct properties such as 

excellent fatigue behavior, high tensile strength, 

and non-conductivity, while their thermal 

expansion is close to that of concrete. These bars 

govern structural behavior of casted elements 

when subjected to flexural stresses. The elastic 

modulus, tensile strength, and bond properties are 

the main mechanical properties of AFRP (Rolland 

et al., 2014; Ola & Jonas 1993; ACI 440.1R, 

2006). Up to date, very little work has investigated 

the flexural behavior and performance of T-beams 

reinforced with AFRP and casted by Self 

compacted concrete.  Lee et al. (Lee et al., 2011) 

investigated the externally strengthened T-beam 

behavior in shear and the performance of these 

beams. It was concluded that the strengthening 

length of the sheets, fiber direction combination, 

and anchorage have significant influence on the 

shear performance of strengthened deep beams. 

Tavares et al. (Tavares et al., 2008) studied the 

behavior of reinforced concrete beams reinforced 

with GFRP bars. They show that the capacity of 

the beams was lower than that of the steel-

reinforced beam and it seen that similar flexural 

capacity can be achieved for the steel- and for the 

GFRP-reinforced concrete beams by controlling 

the stiffness. Buyukkaragoz et al. (Buyukkaragoz 

et al., 2013) made a numerical study of concrete 

beams reinforced with AFRP bars to focus on the 

flexural behavior. The load on the beams found by 

finite elements FE was near to those from the 

effective moment of inertia expressions, the 

numerical ultimate moments also correlated well 

with the analytical values of concrete stress-strain 

models. Numerical analyses, which hardly predict 

the sudden reduction in the flexural rigidity of 

FRP-reinforced concrete beams due to the 

crushing of cover concrete, were shown to provide 

somewhat conservative deflection estimates. 

 

2.  RESEARCH SIGNIFICANT 

 

In the present study, series of T-beams were tested 

to investigate the flexural behavior of T-section 

casted with SCC and reinforced with AFRP bars, 

to show their influence on load carrying capacity, 

toughness, and changing of properties while 

comparing with normal concrete with 

conventional steel bars. A total of 12 T-beams 

sections (9 reinforced by AFRP and 3 with steel 

bars) were designed to be deficient in flexure. The 

behaviors of the tested beams were studied during 

static third -point loading tests with crack patterns. 

The flexural behaviors were observed from the 

load-displacement curves. In addition, a 

comparative study was made between the present 

experimental results and theoretical results based 

on ACI440 (ACI440, 2006).  

 

3.  EXPERIMENTAL PROGRAM 

The test program include fabrication of T-beams 

with three different compressive strengths of self-

compacted concrete 60, 80, and 100 MPa, and 

using AFRP as main longitudinal reinforcement 

with different ratios (less than balance 

reinforcement, between balance and        ratio, 

and more than      ). Also three beams were 

casted using conventional steel bars with balanced 

reinforcement ratio, as a reference 

 

3.1. Details of Flexural -Deficient T-Beams 

A total of 12 reinforced SCC T-beams, 3 normal 

reinforced with steel bars and the other with 

AFRP bars was designed and casted. T-beams 

dimension were: web width 75mm, flange width 

200mm, flange thickness 50mm, over all height 

200mm, with beam length of 1100mm as shown 

in Fig.1. The notation (TA) was given for Aramid 

reinforced samples, while (TS) was given for 

normal reinforced samples. The reinforcing details 

of all the group samples are given in Table.1. 

 

 
Figure 1: Tested beam geometry 

 

3.2. Details of Self Compacted Concrete 

Control specimens’ properties of the SCC in fresh 

state and hardened state were studied through a 

series of casting and testing of concrete specimens 

Table (2). Properties of SCC in fresh state which 
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includes: slump flow test which investigate the 

filling ability and flow time (T50), The V-funnel 

test which measures the flow time for SCC needs 
 

Table (1) Tested beam details 

 
 

to pass a narrow opening that show the filling 

ability blocking and/or segregation do not take 

place, and L-box test which measures the reached 

height of fresh SCC in the formworks, were 

examined and listed in Table (3). In the hardened 

state, the compressive strength and modulus of 

elasticity tests were carried out (Yaseen S.A. et al, 

2017) (Hamad Amen, et al, 2018).  

 
Table (2) Self-compacted concrete mix proportion 

 
 

Table (3) Fresh self-compacted concrete test results 

 
 

4.  RESULTS EVALUATION  

4.1. Outcome Results  

The results of all specimens with their 1
st
 cracking 

load, deflection, ultimate load (Pu), and their final 

deflections are summarized in Table 4. 

 
Table (4) Tests results of SCC T-Beams 

 
4.2. Crack Pattern and Modes of Failure  

 

The flexural crack of the T-beam specimens starts 

at the bottom close to mid-span of beam when the 

applied load reached the values shown in Table 4. 

The first crack load increased slightly when the 

concrete strength changed from 60 to100MPa for 

the same reinforcement ratio. Steel reinforced 

specimens had extremely lesser deflection at first 

crack at very higher loads compared with aramid 

reinforced beams. Number of cracks increases by 

load increasing and extend upward, indicating the 

neutral axis movement upward as shown in Fig. 2. 

Further loading on specimens, cracks propagated 

typically as for ordinary flexural beams. The 

cracks at the failure stage in the AFRP reinforced 

beam were mainly vertical cracks under the 

applied load. These cracks had similar shape but 

larger width than the cracks in the steel reinforced 

beam. The final crack spacing approximately was 

2.3, 3.4, 5.8 mm for the three ratios respectively. 

The maximum observed crack-width in beams 

reinforced with AFRP bars is three to five times 

with that of normal steel reinforced beams. In 

contrast, the cracks in the steel-reinforced beam 

were mainly one vertical and two inclined cracks; 

all of them started from bottom and moved up to 

where the load line was imposed. Observation of 

the cracks shows that the crack propagation was 

much progressive on the AFRP beams than steel 

reinforced beam. The number of cracks was much 

larger in the AFRP specimens compared to the 

normal T-beams. All beams failed under 

compression failure at regions close to the loading 

points. On the normal beam, the failure was 

initiated by the yielding of the steel reinforcement 

and followed by the compression failure of the 

concrete. The final deflections of AFRP beam 

ranged between 80-90mm more than the steel 

reinforced beams which was 6 mm. 

 

4.3. Compressive Strength Effects on Ultimate 

Capacity  
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A different group of T-beams with same 

reinforcement ratios are compared for each of the 

compressive strength of SCC taken in this paper. 

The increase of ultimate capacity seen to be small 

in low AFRP ratios and increased when the 

strength changed from 60MPa, to 80MPa, and 

then to 100MPa for reinforcement ratios listed in 

Table 1, respectively as shown in Fig. 3. 

 

 

 
Figure 2: Crack pattern of T-beams 

 

The smooth increase of load carrying capacity is 

observed for the three samples of each strength 

indicated. The AFRP and steel reinforced beams 

that have the same reinforcement ratio were 

compared, the steel reinforced beams load 

carrying capacity differs by 56.7%, 15.33%, and -

17.93% than aramid reinforced beams respectively 

for concrete strength’s groups. The steel 

reinforced beams show an increase of 43.6% in 

load carrying capacity when the concrete strength 

changed from 60 to 80 MPa and increase of 3.45% 

when the strength changed from 80 to 100 MPa.  

 
Figure 3: Ultimate load capacity vs SCC strength 

 

4.4. AFRP Reinforcement Ratio Effect 

 

Three beams were reinforced with ratios (     , 

           and           for each SCC 

concrete type. Three beams were reinforced with 

normal strength steel bar having balanced ratio of 

reinforcement for comparison purposes were 

tested under static loading conditions. The 

reinforcement ratio improves the final resisting 

load as the ratio increase. The increase was 

79.9%, 29.7%, and 12.8% for each compressive 

strength group when the ratio changed from 

     to           , and the increase were 

16.9%, 11.4%, and 11.4% for each compressive 

strength when the ratio changed from       
      to          as shown in Fig. 4.  

 

 
Figure 4: Ultimate load capacity vs AFRP ratio 

 

4.5. Load Displacement Relations 

 

The relationships between applied load stages and 

their deflection response at the mid span are 

shown in figs. 5, 6, 7 for AFRP reinforced beams, 

and Fig.8 for steel reinforced beam. An extensive 

deformation was noted at failure as shown in Fig. 
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2 and Figs. 5, 6, 7 in aramid beams and the effect 

of increasing the AFRP ratio had slight influence 

on reducing the deflections in the beams; these are 

due the low elastic modulus of AFRP. The 

increase of the reinforcement ratio had an effect of 

increasing the ultimate load capacity of the beams. 

A very small deflection was seen in normal 

strength steel reinforced beams with a moderate 

final load carrying capacity. The deformed Steel 

bars carry a load better than AFRP because it is 

stiffer. From a large load carrying intensities 

shown, it is concluded that the AFRP bars develop 

high tensile stress like steel bars higher at high 

strain levels. An increase in load carrying capacity 

was seen in comparison of similar AFRP ratio 

groups by changing the concrete strength. For 

     group an increase in load were 93.5% and 

46.6% when the strengths changed from 60-80 

MPa and 80-100 MPa respectively, for       
       group an increase in load was 39.58% and 

27.4% when the strengths changed from 60-80 

MPa and 80-100 MPa respectively, and for 

         group an increase in load was 32.95% 

and 27.58% when the strengths changed from 60-

80 MPa and 80-100 MPa respectively. The 

displacements in steel reinforced beams were too 

smaller compared with AFRP beams. The 

displacements reduced with increasing the 

concrete strength, but the load carrying capacity 

increased with increasing the SCC strength as 

seen in Fig. 8. 

 

  
Figure 5: Force-Displacement response for G1-   ́ = 60MPa 

Aramid and steel reinforced T-beams 

 

 
Figure 6: Force-Displacement response for G2-   ́ = 80MPa 

Aramid and steel reinforced T-beams 

 

 
Figure 7: Force-Displacement response for G3-   ́ = 

100MPa Aramid and steel reinforced T-beams 

 

 
Figure 8: Force-Displacement response for steel reinforced 

T-beams 

 

5.THEORETICAL STRESS BLOCK 

EVALUATION 

 

When the neutral axis depth lay within the flange 

of T-beam (a ≤ hf), it means the beam acts as a 

rectangular section with a width of the concrete 

compression block is equal to the bf (flange 

width), Fig. 9. The neutral axis depth c (and 

consequently the equivalent stress block 

evaluated) is found from the axial force and 

moment equilibrium equations. The value of (a) 

for the concentric loading cases of T-beam 

increases as the concrete strength increases 
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(related to strain value), and vice versa. It can be 

easily observed from Fig.10 that the SCC 

compressive strength affects the values of (a) for 

the same reinforcement ratio groups (Aramid & 

Steel). An increase in block depth was observed 

by increasing the strength of concrete for AFRP 

     and steel     , while it Noted that the 

depths for AFRP            and         

were too large and equal for the same group of 

reinforcement ratio. The effect of reinforcement 

ratio on the values of (a) for the same groups of 

SCC compressive strength is shown in fig.11. It is 

recorded that there is a significant increase in the 

depth of compressive stress by increasing the 

reinforcement ratio for all AFRP samples.  

 
Figure 9: Flanged T-beam (a ≤ hf) 

 

 
Figure 10: Effect of SCC compressive Strength on 

Equivalent stress block 

 

 
Figure 11: Effect of reinforcement ratio of (Aramid & 

Steel) on depth of Equivalent stress block 

 

6. ANALYTICAL METHODS FOR   

COMPARISON USING ACI440-06 

 

The difference in properties of used bars AFRP 

and normal steel, leads to obtain different 

strengths and strains which affects the 

determination of actual and balanced 

reinforcement ratio, and consequently, affected on 

equivalent stress block depth. The depth of stress 

block and the ultimate moment capacity for the 

under reinforced (for all types of reinforcement) 

are found by using conventional ACI 440 

equations (Eq 1 & 2).  

 

       ;   
 

  
   ;   

       (
   

 
)        ;    

    

        
        Eq.1 

 

        (   
 ⁄ )             (   

 ⁄ ) Eq.2 

 

The experimental versus the theoretical data for 

comparison are presented in figs. 12,13,14,15, 

&16. Ultimate load capacity versus SCC strength 

and reinforcement ratio are plotted for AFRP and 

normal steel reinforced T-beams. The effect of 

increasing the of self-compacted concrete strength 

lead to an increasing  It is observed that as the 

SSC strength increases, the load carrying capacity 

increases, the increasing ratio was 183% for 

    , 78% for             and 70% for 

         as the strength change from 60MPa to 

100MPa fig.12. The increase in the reinforcement 

ratio leads to increase the load capacity as well, 

the load carrying capacity increased by 110.4%  

for 60MPa, 44.5% for 80MPa, and 25.77% for 

100MPa when the reinforcement ratio change 

from(      to          ) fig. 13. From the 

plotted relation it is seen that there is good 

agreement between the experimental and 

theoretical results with increasing compression 

strength. Similar relation is seen between the 

experimental and theoretical data for conventional 

steel bars. It is seen that the ACI440 method was 

more conservative. 

 

 
Figure 12: Analytical and experimental beam capacity vs 

SCC strength 

https://context.reverso.net/%D8%A7%D9%84%D8%AA%D8%B1%D8%AC%D9%85%D8%A9/%D8%A7%D9%84%D8%A5%D9%86%D8%AC%D9%84%D9%8A%D8%B2%D9%8A%D8%A9-%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9/and+vice+versa
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Figure 13: Analytical and experimental beam capacity vs 

Reinforcement Ratio 

 
Figure 14: Analytical and experimental beam capacity 

vs Reinforcement Ratio for G1-  ́=60MPa 

 

 
Figure 15: Analytical and experimental beam capacity 

vs Reinforcement Ratio for G2-  ́=80MPa 

 

 
Figure 16: Analytical and experimental beam capacity 

vs Reinforcement Ratio for G3-  ́=100MPa 

 

7.  CONCLUSION 

 

1-The final deflection increases with the increase 

of the reinforcement ratio for the three group 

(      ,              and           ), 

while the deflection was limited in the deformed 

normal steel bar reinforced beams, which reflects 

to toughness enhancement compared with steel 

bars. 

2- An increase in load carrying capacity were seen 

in comparison of similar AFRP ratio groups by 

changing the concrete strength, for      group 

an increase in load were 93.5% and 46.6% when 

the strengths changed from 60-80 MPa and 80-

100 MPa respectively, for              group 

an increase in load were 39.58% and 27.4% when 

the strengths changed from 60-80 MPa and 80-

100 MPa respectively, and for          group 

an increase in load were 32.95% and 27.58% 

when the strengths changed from 60-80 MPa and 

80-100 MPa respectively. 

3- The steel reinforced beams load carrying 

capacity differs by 56.7%, 15.33%, and -17.93% 

than aramid reinforced beams for all concrete 

strength’s groups for balanced reinforcement ratio.  

4-The steel reinforced beams show an increase of 

43.6% in load carrying capacity when the concrete 

strength changed from 60 to 80 MPa and increase 

of 3.45% when the strength changed from 80 to 

100 MPa.  

5- The reinforcement ratio improves the final 

resisting load as the ratio increases. The increase 

was 79.9%, 29.7%, and 12.8% for each 

compressive strength when the ratio changed from 

      to             . and the increase 

were 16.9%, 11.4%, and 11.4% for each 

compressive strength when the ratio changed from   

           to         .  

6-The final crack spacing approximately were 2.3, 

3.4, 5.8 mm for the three ratios respectively. The 

maximum observed crack-width in beams 

reinforced with AFRP bars is three to five times 

that of normal steel reinforced beams. 

7- In theoretical calculation, an increase in block 

depth was obtained when increasing the strength 

of concrete for AFRP      and steel     , 

while the depths for AFRP            and 

        were too large and equal for the same 

group of reinforcement ratio. 

8- It is from data comparison with experimental 

work that the ACI440 method was more 

conservative when applied on SCC AFRP 

reinforced beams. 
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