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Abstract- Most international codes of practice didn't 

consider the flange contribution of reinforced concrete T-beams 

in shear strength. In inverted T-beams loaded on the web, if the 

flange area is considered in shear strength, the results may be 

overestimated because after the web cracks open, the aggregate 

interlock which has a more significant contribution to shear 

decreases, and shear stresses tend to concentrate at the 

compression zone, which is located in the web of inverted T-

beams. To quantify flange contribution, an experimental 

program backed by a finite element program based on a 

nonlinear 3D finite element model was carried out. The 

experimental program investigates the shear response of beams 

with varying flange geometry and reinforcement. the results 

showed that by increasing the flange geometry, the shear 

strength rises but up to a certain point, the contribution of the 

flange reinforcement to shear must be neglected. In the current 

analysis, the greatest contribution of flanges was determined to 

be 44.5% of total shear resisted by control beam without flange. 

Furthermore, the numerical model was utilized to visualize and 

quantify characteristics that are difficult to get experimentally, 

such as shear stress distribution between the web and the flanges. 

Also, the model was used to solve a matrix of beams to obtain the 

maximum shear resistance to make an accurate simplified 

computational model which shows good agreement with the 

experimental and finite element results. 

Keywords-Shear strength, Shear tests, Flanges, Effective 

width, Reinforced concrete.   

I- INTRODUCTION 

Since the ambiguity of the phenomena involved, such as 

cracking-induced inhomogeneity, the relevance of the multi-

axial stress states generated, the interaction between concrete 

and reinforcement, and the size effect involved with softening 

in compression or tension, shear strength of reinforced 

concrete members is challenging to predict. Many 

experimental and theoretical investigations have been carried 

out over several decades, resulting in significant 

breakthroughs in our knowledge of the shear resisting process 

[1], [2]. As a result, empirical and rational models capable of 

capturing experimental behaviour have been developed [3]–

[11], some of which are being incorporated in concrete code 

design and assessment [12]–[14], despite the fact that the 

majority of them have been derived exclusively for members 

with a rectangular cross section. 

Members with flanged cross sections (T-section, I-section, 

or box section) are highly common in modern building and 

bridge deck structures due to their excellent flexural 

strength/weight ratio. Shear is believed to be handled by the 

web via a truss mechanism. As a result, no flange contribution 

to shear strength is considered, which is assumed to be 

completely resisted by the web via aggregate interlock 

anywhere along shear cracks. 

Experiment results reveal that the shear strength of thin 

reinforced concrete (RC) beams [15]–[23] and slabs [24] with 

a T-shaped section is greater than that of beams with identical 

height, web width, and reinforcing quantity. For example, 

the beams with 300mm or larger flanges have approximately 

25% higher ultimate strength compared with rectangular 

beams [25]. Also, for beams with constant web width, the 

larger the flange width, the greater the shear resistance, which 

can rise by up to 25% in comparison to the rectangular beam, 

even if shear resistance stays constant until a certain ratio 

flange width /web width. For the same web and flange widths, 

the thicker the flange, the greater the shear strength. Further, 

the flanges' impact to shear strength has already been 

identified and included in several theoretical models, such as 

those described in publications [26]–[35].  

Based on the results of the aforementioned practical and 

theoretical study papers, it is possible to conclude that the 

compression flange makes a non-negligible contribution to 

the shear strength of beams with T-shaped sections, which is 

neglected in the shear specifications of current design codes. 

Neglecting such contributions in design is a conservative 

option that is widely accepted, despite being inaccurate. 

However, due to the growing number of infrastructures in 

operation that must be properly evaluated, assessing existing 

structures is becoming increasingly crucial. When used to the 

evaluation of existing structures, an overly cautious design 

technique may deem them unacceptably conservative, as is 

the case with many bridges now in operation that demonstrate 

a decent performance. As a result, a correct assessment of 

existing bridges and other transportation infrastructures, 

which are frequently designed with T-shaped cross section 

elements, necessitates a realistic evaluation of structural 

strength using models that include for the impact of flanges. 

Because the shear loads transmitted by aggregate interlock 

are inversely proportional to the crack opening, hence shear 

transfer by aggregate interlock is only achievable at the crack 

tip. As a result, a significant portion of the shear stresses 

concentrate near the neutral axis, which is often situated in the 

flanges of T beams. Such stresses extend within the flanges in 

compression, decreasing in intensity as the distance to the web 

increases, as theoretically established by Ribas and Cladera 

[32], and Cladera et al. [33], following the model provided by 

Bairán and Mar [30], utilising a sectional model. As a result, 

no increase in shear strength is found at a particular value of 

flange width. A thicker flange, on the other hand, may 

distribute more shear loads and hence resist a larger shear 

force. This rise, however, diminishes gradually as the flange 
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depth increases, since shear stresses decrease with distance to 

the neutral axis owing to crack width growth. 

Because most shear stresses at high loading levels 

concentrate around the neutral axis, a significant portion of 

them are placed in the uncracked compressed concrete zone, 

where compressive normal stresses owing to bending improve 

this region's ability to withstand shear. Furthermore, 

transverse reinforcement is commonly used in flanges to 

withstand shear lag and transversal bending. This type of 

reinforcement limits the concrete in the transverse direction, 

increasing the shear capacity of the T beam's compressed 

concrete zone. 

Even while numerical models that use non-linear 3D-Finite 

element analysis [36], [37] may simulate such complicated 

processes, equations that take them into account in a simple 

but accurate way are required for rational and safe engineering 

assessment and design. The idea of "shear effective flanges 

width" was devised for this purpose, defined as a flange width 

that, assuming a constant shear stresses distribution in the 

transverse direction, would give the same shear force in the 

flanges as the real shear stresses distribution. 

Placas et al. [17], Zararis et al. [29], Alberto Ayensa et al. 

[35], Ribas and Cladera [32], Cladera et al. [33], and Li et al 

[34] also used this notion in their shear strength models. 

Predictions of the outcomes of shear tests on T-shaped cross 

section beams done by Cladera et al. [33] demonstrated that 

accounting for the effective shear width yields less 

conservative and dispersed findings with regard to the 

measured result of ultimate shear. The dispersion achieved 

when estimating the shear strength of T beams, on the other 

hand, was significantly higher than when predicting the shear 

strength of rectangular beams. This suggested that, while the 

effective shear width is a valuable idea, its formulation 

requires further investigation in order to reflect the effects of 

the components involved and enhance the accuracy of shear 

strength estimates. In reality, the shear effective flanges width 

expressions used up to now do not account for flange 

confinement effects or the 3D passage of forces from the web 

to the flanges (shear lag effect), which must be captured by 

3D finite element calculations. 

Previous research ignored the existence of the flange on the 

tension side, which, according to what has been described, 

may be the worst scenario since the compressed area where 

shear resistance increases is in the web with the lowest 

dimension. However, another key element that may turns 

upside down is that the shear crack developed in the tensile 

side has a minor horizontal slope, which may result in the 

resistance of a greater number of stirrups and increases the 

crack path. These two opposing assumptions complicate the 

situation conceptually, and it must be subjected to 

experimental and finite element investigations to yield actual 

outcomes. Especially since these types of beams are used in 

the inverted beam raft foundations, transitional beams 

(columns are planted on them) and bridges, and they are 

elements with large loads. Experimental program backed by 

finite element program based on nonlinear 3D-FEA model 

were carried out. Once the model adjusted, the model was 

used to investigate the shear response of beams with varying 

flange geometry and transversal reinforcement. For this 

objective, the programme ABAQUS version 6.14 [38] was 

employed. The numerical analyses provided data on the 

structural response that was difficult to measure 

experimentally, such as the distribution of shear stresses 

between the web and the flanges, which was very useful for 

quantifying the contribution of the web and the flanges on 

beams with different cross section geometry and longitudinal 

reinforcement.  

II- HIGHLIGHTS 

This study highlights the contribution of flange geometry 

and reinforcement in shear in case of RC inverted T-beams. A 

3D-finite element model has been verified to match the 

experimental results for use by researchers and designers. the 

model was used to solve a matrix of beams to obtain the 

maximum shear resistance to make an accurate simplified 

computational model. A design expression was developed for 

computing the shear contribution of flanges in inverted T-

sections. 

III- TEST PROGRAM 

A. Specimen design 

Fig. 1 shows dimensions, longitudinal reinforcements 

detailing and cross section of the control beam B0 (unit: mm). 

The shear capacity of the RC beam was somewhat lower than 

the bending capacity to ensure a shear failure, despite being 

designed in compliance with the design code for concrete 

structures [23]. As illustrated in Fig. 2a, the beam was 

3000mm long with a clear span of 2800 mm, a total height of 

400mm, and a web width of 200mm. The Beam have distinct 

bottom longitudinal reinforcement two layers of 2D16+4D18 

and the top longitudinal reinforcement was 2D16. The web 

shear reinforcement consisted of 6mm stirrups placed 175 mm 

along the shear span and throughout the rest of the beam. The 

bottom concrete cover was 15mm thick. Test beams were 

monotonically tested up to failure under a four-point loading, 

with a shear span with a shear span-to-depth ratio of 2.5 

(a/d=890 mm).  
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Fig. 1. Dimensions and reinforcement details of control beam B0 

B. Beams detailing and test program. 

The control beam B0 has a rectangular cross section, while 

the others have flange at the tension side (inverted T-beams).  
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Fig. 2. Cross-section, dimensions, and reinforcement of test beams  

 
Table 1: Experimental test matrix 

beam 

Flange 

width 

(mm) 

Flange 

thickness 

Stirrup in 

flange 

Stirrup 

in 

web 

Studied parameter 

B0 200 - - 

D
6
@

 1
7
5
m

m
 

Flange width effect 
B1 400 150 D6@ 175mm 

B2 600 150 D6@ 175mm 

B3 800 150 D6@ 175mm 

B4 800 100 D6@ 175mm Flange thickness 

effect B5 800 200 D6@ 175mm 

B6 800 150 D6@ 116mm Stirrup’s area and 

spacing in flange B7 800 150 D8@ 175mm 

 

Other than the control beam, seven full-scale RC beams 

with inverted T-shaped cross-sections divided to investigate 

the shear response of beams with varying flange geometry 

(width and thickness), and transversal reinforcement in flange 

(Stirrups spacing in flange and bar diameter of the stirrups in 

flange). Table 1 and figures 2 show the beams test matrix and 

cross-section detailing.  

Beams B1, B2, and B3 were prepared to study the effect of 

flange widths of 400, 600, and 800 mm respectively on the 

beams shear behavior compared to the control beam B0, figure 

2a, 2b, and 2c. Beams B4, B3, and B5 were produced to 

investigate the influence of flange thicknesses of 100, 150, 

and 200 mm on the beams shear behavior compared to the 

control beam B0, figures 2d, 2c, and 2e. The web shear 

reinforcement is constant in all beams: 6mm stirrups placed 

175 mm along the shear span and throughout the rest of the 

beam. In beams B6 and B7, the web shear reinforcement in the 

flange was D6@116 and D8@175 mm, respectively along the 

shear span and throughout the rest of the beam, figures 2f, 2g. 

These values were choice to study the effect of stirrups 

spacing and stirrups bar diameter in flange. The inverted T-

beams beams have distinct bottom longitudinal reinforcement 

as beam B0 except that the main longitudinal reinforcement 

was distributed in the flange in one layer with the same 

effective depth. The top longitudinal reinforcement also was 

constant. The concrete cover was 25mm thick to fix the 

effective depth in all beams. 

C. Material properties 

To prevent variances in the concrete strength of the tested 

beams, the same patch of ready-mixed concrete was put to 

each beam. The mixture proportions shown in table 2. 

Ordinary Portland R42.5 cement, limestone coarse aggregates 

with a nominal maximum size of 22 mm, and river sand with 

maximum size of 3 mm were used to prepare the concrete. 

The compressive strength of the concrete was measured using 

two sets of 300x150 mm cylinders. The beams and companion 

cylinders specimens were all cured outdoors for 28 days and 

kept wet by watering 1-2 times each day. On the test date for 

the beams, compression tests were done on standard cylinders 

with a 300 mm height and 150 mm diameter in accordance 

with ASTM C39/C39M. On the test day, the mean cylinder 

compressive strength (f'c) was 24.08. (The identified 

compressive cube strength was 30.1 MPa). Three cylinders 

were subjected to Brazilian tensile testing to ascertain their 

real tensile strength. The mean tensile strength at the time of 

the test was 2.93 MPa. 

Table 3 shows the mechanical parameters of the 

reinforcement utilized in the test specimens resulted from 

uniaxial tensile testing on three steel bar specimens. For 

longitudinal reinforcement, the beams were reinforced with 

steel grade B500DWR (H.T.S) D18 and D16 mm deformed 

bars, and the stirrups were reinforced with steel grade 240/350 

(N.M.S) D8 mm and D6 smooth bars. The table contains the 

average yield and ultimate strengths as well as the typical 

elastic modulus for the tested specimens. 

Table 2: Mix proportions of materials (kg/m3) for cubic meter. 
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Table 3: Steel reinforcement's characteristics. 

Diameter, 

mm 

Yield 

strength,  

(MPa) 

Ultimate 

strength,  

(MPa) 

εy εu Es 

(x105 

N/mm2) 

6 268 369 0.0013 0.168 2.04 

8 274 365 0.00134 0.178 2.05 

16 528 723 0.00256 0.132 2.05 

18 534 727 0.00262 0. 138 2.04 

  

  
(a) Installation of reinforcing mesh 

inside the formwork 

(b) a final view before casting 

concrete 

Fig. 3. Fabrication and preparation of test beams 

 

Fig. 4. Test setup 

D. Fabrication and preparation of test beams 

Care has been taken to cast the beams in conformity with 

site work so that the from work of the slab was fixed at the 

bottom and the beam web was inverted to the top. Figure 2 a 

show the installation of reinforcing mesh inside the formwork 

and figure 2b shows a final view before casting concrete. 

E. Loading program and instrumentations 

Figure 4 depicts the test equipment utilised in this 

experimental work. The simply supported RC beams were 

subjected to four-point loading in order to get the load-

deformation curves under a monotonically increasing load till 

failure. The load was delivered to the tested beam through a 

transfer steel beam and a hydraulic jack with a maximum 

capacity of 3000 kN. Each beam was loaded symmetrically 

about the centreline and had a shear span-to-depth ratio of 2.5 

(a/d=890 mm). The initial loading rate was 1.0 kN/s, however 

it dropped to 0.33 kN/s after yielding. The load cell, which 

was attached to the load piston, was used to record the applied 

load. There are nine LVDTs for each beam (linear variable 

differential transducers). Five of them were mounted to 

measure vertical deformations: one at midspan, two at the 

loading sides, and two at the supports. To calculate the shear 

deformations of the shear critical sections, two LVDTs are 

attached perpendicular to the line linking the loading point 

and support on each side of the beam (which is almost the 

direction of diagonal cracks). An automated data acquisition 

system attached to a laptop through a USB connection was 

utilised to record the loads, displacements, and deformations. 

A second crack width calibrated tool was utilised to measure 

the crack width of the beam during loading. The load was 

increased and at specific points the loading was stopped, and 

the crack propagation was drawn. At the end of the test, full 

crack patterns were available. The test was stopped when the 

load dropped by logical failure of the beam. 

IV- EXPERIMENTAL RESULTS 

Table 4 contains a summary of the most important 

laboratory results, calculated initial stiffness and absorbed 

energy. 

A. Failure modes 

All beams collapsed due to shear compression failure. The 

shear compression failure mechanism was identical to the 

normal failure mechanism employed in shear analysis of 

reinforced concrete beams in case of rectangular section, but 

the crack pattern was somewhat different in the case of a 

flanged beams. In control beam B0, the diagonal first shear 

crack developed at the centre of shear span parallel to the 

delusory line connected the load and the support. Then with 

load increase, the crack spread to the longitudinal tension bars 

and began running along their length, causing dowel action. 

The opposite tip of the crack went all the way to the 

compression zone. This crack looked to be caused by the 

diagonal tension splitting combined forces whereby load 

increase the width of the crack increased up to failure. Figure 

5a depicts the crack patterns after failure for B0. 

In case of beams B4, no effect was observed for the presence 

of the flange, and the beams behavior was close to the control 

beam, figure 5d. This is most likely owing to the flange's lack 

of rigidity, since the section behaved under load as if it were 

a rectangular section without a flange. In case of inverted T-

beams, figure 5a to 5h except 5d, a diagonal tension crack 

developed in the web in the same manner of B0. By load 

increase the crack spread to the web interface in compression 

zone and the opposite end of the crack went towards the 

tension flange. By load increase the tension flange showed a 

synergistic action with the web to resist shearing and delaying 

running of shear crack along their length to the longitudinal 

bar. Near the ultimate load the beams failed with a crack 

appeared on the edge of the flange. This crack looked to be 

caused by diagonal tension splitting in the flange. 

 

 
(a) Crack patterns of B0 

Load cell for applying load. 

LVDTs 
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(b) Crack patterns of B1 

 

(b) Crack patterns of B2 

 

(c) Crack patterns of B3 

 

(d) Crack patterns of B4 

 
(e) Crack patterns of B5 

 

(g) Crack patterns of B6 

 

(h) Crack patterns of B7 

Fig. 5. Crack patterns of test beams 

B. Flexural cracking load. 

Figure 6 shows the effect of flange geometry ts and Bf and 

transversal reinforcement on first flexural cracking load. The 

first flexural crack occurred in beam B0 at 63 kN (22% of the 

ultimate load). The first flexural crack occurred at 81, 97, and 

136 kN (20.6%, 24.1%, and 32.5% of the ultimate load) for 

beams B1, B2, and B3, respectively. It is clear that extending 

the width of the tension flange delayed the appearance of the 

first flexural crack due to increasing the cross-section inertia. 

When the flange width was increased to 2bw, 3bw, and 4bw, the 

first cracking load increased by 29%, 54%, and 116%, 

respectively. For beams B4, B3, and B5, the first flexural crack 

developed at 98, 136, and 166 kN (28.2%, 32.5%, and 32.3% 

of the ultimate load, respectively). It is obvious that increasing 

the tension flange thickness delayed the formation of cracks, 

resulting in an increase in the magnitude of the first flexural 

cracking load. When the flange thicknesses were increased to 

0.25tb, 0.375tb, and 0.5tb, the first flexural cracking load 

increased by 56%, 116%, and 163%, respectively. 

At about the same stress as B3, the first flexural crack 

occurred in beams B6 and B7 (between 133 and 136 kN). That 

is, the change in flange transversal reinforcement has no effect 

on the initial first cracking load and this is logic. 

C. Initial stiffness 

The data in figure 7 shows that the initial stiffness of B1, B2 

and B3 have significant increased compared to the control 

beam B0 by 14%, 24% and 32%, respectively. Also, the data 

indicates that the initial stiffness of B4, B3, and B5 has risen by 

13%, 32%, and 52%, respectively, when compared to the 

control beam B0. It indicates that the initial stiffness of 

inverted T-beams increased obviously with the increase of 

flange geometry (ts or Bf). The initial stiffness of B3, B6 and 

B7 almost the same because the initial stiffness of the beam is 

mainly affected by concrete geometry of the beam where the 

elastic modulus of the beams was almost equal due to the 

negligible effect of transversal steel. 

 

 
Fig. 6. Effect of flange geometry and transversal reinforcement on first 

flexural cracking load 

 

Fig. 7. Effect of flange geometry and transversal reinforcement on 

initial stiffness 
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D. First shear cracking load. 

Figure 8 shows the effect of flange geometry ts and B and 

transversal reinforcement on first shear cracking load. In 

beam B0, the diagonal first shear crack developed at 156 kN 

(54.75% of the ultimate load). 

For beams B1, B2 and B3, the first shear crack developed at 

189, 230, and 260 kN (48.1%, 57.2%, and 62.2 % of the 

ultimate loads) respectively. It is evident that by increasing 

the width of the tension flange, the appearance of the first 

shear crack was delayed with a significant improvement in the 

value of the first shear cracking load. The initial shear 

cracking load rose by 21%, 47%, and 67% when the flange 

width was raised to 2bw, 3bw, and 4bw, respectively. 

The first shear crack occurred at 164, 260, and 293 kN 

(47.3%, 62.2%, and 57% of the ultimate load) for beams B4, 

B3, and B5, respectively. It is clear that expanding the 

thickness of the tension flange delayed the emergence of the 

first shear crack, resulting in an increase in the value of the 

first shear cracking load. It is clear that the effect of the flange 

thickness the case of small thicknesses (tf/tb≤0.25) is almost 

negligible, while the observed load at the first crack improved 

in the case of large thicknesses (tf/tb≥0.375). 

The initial shear cracking load rose by 5%, 67% and 88% 

when the flange thicknesses was raised to 0.25tb, 0.375tb, and 

0.5tb, respectively. 

The first shear crack in beams B6 and B7 was developed at 

almost near the load of B3 (between 252 and 257 kN). Which 

means that the variation in flange transversal reinforcement 

has no influence on the initial shear cracking load. 

 
Fig. 8. Effect of flange geometry and transversal reinforcement on first 

shear cracking load 

 
Fig. 9. Effect of flange geometry and transversal reinforcement on the 

ultimate shear capacity 

E. Ultimate load 

The ultimate shear capacity of every beam B1, … to B7 

compared to the control beam B0 are listed in figure 9. As 

demonstrated in the figure, employing the flange dimensions 

(thickness and width) greatly increased the shear capacity of 

the reinforced beams. The ultimate shear capacity reached 285, 

393, 402, and 418 kN for beams B0, B1, B2, and B3, 

respectively. It is clear that extending the width of the tension 

flange delayed the emergence of failure while significantly 

improving the value of the ultimate shear capacity. When the 

flange width was increased to 2bw, 3bw, and 4bw, the 

ultimate shear capacity load increased by 37%, 41%, and 46%, 

respectively. 

For beams B0, B4, B3, and B5, the ultimate shear capacity 

reached 285, 347, 418 and 514 kN, respectively. It is obvious 

that increasing the tension flange thickness delayed the failure, 

resulting in an increase in the magnitude of the ultimate shear 

capacity. It is obvious that the influence of flange thickness is 

essentially minimal in the case of small thicknesses (tf/tb 

≤0.25), where the increase in the ultimate load at this value 

was only 21%, but the measured ultimate load enhanced in the 

case of big thicknesses (tf/tb ≥0.375). The ultimate shear load 

rose by 46% and 80% when the flange thicknesses was raised 

to 0.375tb, and 0.5tb, respectively. The ultimate shear capacity 

showed a slight increase by decreasing the spacing between 

the transversal steel or increasing the transversal bar diameter. 

The gain was only 4.6% when decreasing the spacing from 

175 mm to 116, and the gain was only 3.6% when increasing 

the bar diameter from D6 to D8. Thus, the variation in flange 

transversal reinforcement has negligible influence on the 

ultimate shear capacity. 

F. Load deflection response 

Figure 10 depicts the load-deflection curve of the tested 

beams. For comparison, the response of the reference beam 

B0 was provided. As shown in Fig. 10a 10b and 10c, form the 

beginning up to failure, there was significant difference in 

load-deflection response between the reference beam B0 and 

other compared beams. From the beginning up to the first 

shear crack, the effect the flange geometry and reinforcement 

was clear in the resist of higher deflection at the same load 

level. Approximately at 266kN for example, the deformation 

in all beams except B5 was close, where the control beam had 

a large deflection. Beam B5 which has the maximum flange 

dimensions shows the highest resistance to deformations up 

to its failure load. Also, after reaching the ultimate load, the 

control beam failed suddenly, but exitance of flange reduces 

the severity of the sudden collapse.  
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(b) 

 
(c) 

Fig. 10. Effect of flange geometry and transversal reinforcement on the 

ultimate shear capacity 

G. Energy absorption 

Various measurements have been used in previous studies 

to assess ductility [39]. One of the most significant indications 

was ductility as measured by energy absorption. The area 

under the load-deflection curves up to the maximum load (E) 

represents the energy absorption (E). The lowest value was 

obtained by the control beam B0, as predicted. Figure 11 

shows normalized energy absorption values compared to the 

control beam.  The increase in energy absorption reached 

about 53%, 69%, and 103% in beams B1, B2, and B3 

respectively compared to the control beam B0. Whereas the 

beams showed a great enhancement in energy absorption 

when the flange width exceed 3bw. In comparison to the 

control beam B0, the increase in energy absorption was 

approximately 57%, 103%, and 172% in beams B4, B3, and 

B5. When the flange thickness exceeded 0.375t, the beams 

showed a significant increase in energy absorption. The 

variation in flange transversal reinforcement has negligible 

influence on energy absorption. 

 
Fig. 11. Effect of flange geometry and transversal reinforcement on the 

absorbed energy 

V- FINITE ELEMENT PROGRAM. 

A. Description of finite element model  

Figure 12 depicts the finite element model of the reinforced 

concrete beam by Abaqus [40]. The mesh of concrete mass, 

which is regarded as a homogenous solid, is created using the 

8-node linear brick element "C3D8R" of Abaqus, with limited 

integration and hourglass control. In contrast, 2-node linear 

beam elements "B31" of Abaqus are used to form the mesh of 

reinforcement bars with circular cross sections whose 

diameter is equal to the diameter of the corresponding 

corrugated bars. Furthermore, as embedded elements, these 

beam elements interact with the concrete ones. 

The mechanical behavior of the concrete brick components 

was assumed to be isotropic, and concrete damage was 

accounted for using an Abaqus damage-plasticity model in 

both compression and tension. In contrast, the mechanical 

behavior of the reinforcing beam components investigated is 

both isotropic and elastic-plastic. The mechanical properties 

of materials were determined based on the test results reported. 

The linear and non-linear material constitutive curves were 

employed, as well as the damage criteria. The model included 

in Abaqus for failure mechanism is a continuum, plasticity-

based concrete damage model. Based on the total stress tensor, 

it is believed that the principal two failure modes of the 

concrete material are tensile cracking and compressive 

crushing. 

The boundary conditions of the finite element model were 

elastic supports applied to beam area nodes in contact with the 

elastomeric bearing pads and a pressure load applied to beam 

area nodes where the test load operates. 

Table 4: Experimental results, calculated initial stiffness and absorbed energy 

beam 

designation 

Experimental results 

  

Initial stiffness 

(kN/mm) 

  

Absorbed 

energy 

Flexural 

cracking load 

(kN) 

First shear 

cracking 

load (kN) 

Ultimate 

load (kN) 

Deflection 

at cracking 

(mm) 

Deflection at 

first shear 

cracking load 

(mm) 

Deflection at 

ultimate load 

(mm) 

B0 63 156 285 1.38 3.74 9.52 45.65 1459.8 

B1 81 189 393 1.56 4.2 10.74 51.92 2238.8 

B2 97 230 402 1.71 4.49 11.29 56.73 2473.1 

B3 136 260 418 2.26 5.29 12.4 60.18 2962.5 

B4 98 164 347 1.9 3.67 11.8 51.58 2295.9 

B5 166 293 514 2.4 5.8 13.49 69.17 3969.8 

B6 133 252 437.5 2.23 5.6 11.6 59.64 2821.1 

B7 136 257 433 2.16 5.22 11.85 62.96 2903.7 
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(a) Elements of reinforcement, loading plates and supports 

 
(b) Solid elements and mesh detail 

Fig. 12. FE model of the reinforced concrete beam 

B. Calibration of finite element model with experimental results 

Figure 13 depicts the load versus the vertical mid-span 

displacement for both the experimental tests and the 

numerical simulation for B2, B3, and B7. Figure 14 depicts the 

experimental and numerical fracture patterns for B0, B1 and 

B5.  

According to the study, the 3D nonlinear Finite Element 

model was able to predict the experimental response of 

inverted T-beams accurately when subjected to shear tests. 

owever, there was a notable difference between the model and 

experimental results - the model consistently showed higher 

stiffness compared to the actual tests. 

 
(a) Load mid span deflection in experimental findings and finite 

element for B2 

 

(b) Load mid span deflection in experimental findings and finite 

element for B3 

 

(c) Load mid span deflection in experimental findings and finite 

element for B7 

Fig. 13: Load mid span deflection in experimental findings and finite 

element 

 
(a) Numerical fracture patterns for B0 

 
(b) Numerical fracture patterns for B1 

 
(c) Numerical fracture patterns for B5 

Fig. 14. Numerical fracture patterns for B0, B1 and B5  

 

This discrepancy could be attributed to several factors, such 

as the assumptions made in the model, the accuracy of the 

material properties used, or the testing conditions. Further 

analysis and refinement of the model may be necessary to 

improve its accuracy and better align it with the experimental 

results. Nonetheless, the study demonstrates the potential of 

using such models to simulate and predict the behavior of 

structural elements under different loading conditions. In 

general, the model demonstrates a very excellent agreement.  

Figure 14 shows the steel stress for R.C beams B1, B2, and 

B3 respectively. By comparing the results, it seems that the 

contribution of transverse reinforcement in flanges at vertical 

parts decreases rapidly with increasing flange width. Thus, the 

stress in the transversal steel located at a distance of more than 

3bw should be neglected in calculating the shear contribution 

of the flanges. 

 Also as shown in figure 15 from steel response, as the 

flange width increases, the shear contribution of the concrete 

in flanges decrease. However, it should be noted that for large 

flange widths, the shear stresses tend to concentrate around 

the web and the web reinforcement, and their extension into 

the flanges is limited. But from figure 16, It is important to 

note that this trend is not observed as the depth of the flanges 

increases. 
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One of the objectives of the study is to use a three-

dimensional model to solve an integrated matrix of variables 

related to the same variables studied in the experimental study. 

The model was used to solve a matrix shown in table 5 of R.C. 

inverted T-beams to obtain the maximum shear resistance to 

make an accurate simplified computational. 

 

 
(a) Numerical steel stress for B1 

 

 (b) Numerical steel stress for B2 

 
(c) Numerical steel stress for B3 

Fig. 15: Numerical steel stress for B1, B2, and B3 

 
(a) Numerical steel stress for B4 

 

 
(b) Numerical steel stress for B5 

Fig. 16: Numerical steel stress for B1, B2, and B3 

Table 5: matrix of parametric study for ultimate capacities for 

combined parameters. 

df/d 

Bf/bw 

2 3 4 

0.139 336 kN 353 kN 361 kN 

0.278 402 kN 423 kN 438 kN 

0.417 481 kN 494 kN 503 kN 

VI- CALCULATION OF ULTIMATE CAPACITY OF 

INVERTED T-SECTION 

The ultimate shear capacity of the RC beams may be 

calculated by adding the shear capacities of the concrete web 

section (bw.d), and web reinforcement, as shown in Eq. (1). 

 Vu = Vweb + Vs (1) 

where Vu = ultimate shear capacity, Vweb = shear capacity of 

concrete web; and Vs = shear capacity of web reinforcement 

To estimate the shear strength of concrete web section, ACI-

318 [41] provided the following equation: 

 𝑉𝑐 =
1

6
√𝑓𝑐

′.  𝑏𝑤 . 𝑑  (2) 

where fc′ = cylinder concrete compressive strength, bw = beam 

width, and d = effective beam's depth 

The second contribution is the action of internal 

reinforcement. This contribution might be estimated using the 

following formula: 

 𝑉𝑠 =
𝐴𝑠𝑡.𝑓𝑦𝑠

𝑠
𝑑  (3) 

where Ast is the total stirrups area in web, fys is the yield 

strength of stirrups, s is the spacing between stirrups, and d is 

the section depth. 

It is evident from Table 6 that the ratio between the 

experimental and calculated load for the reference beam is 

1.58. This is acceptable because the international codes are 

keen that their equations for calculating the ultimate shear 

capacity for the R.C sections less by a good margin as a result 

of the brittle collapse by shearing, and the lack of sufficient 

indicators (cracks and deformations) before the failure.  The 

increase between the experimental and calculated load in 

samples B1 to B7 ranged from 93% to 186% due to the 

contribution of the flange.  
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Table 6: Prediction model and finite element versus the experimental results. 

Beam  
Experimental V’exp. 

(kN)= Vexp. /2 

Analytical 
V’exp ./ 

Analytical 

VT Aci 

 

Experimental 

Vex, flange 

Experimental 

flange participation 

with safety margin 

Vex, flange /1.58 

Vflange 

By 

equation 

(4) 

 

𝛙

=
𝒗𝒆𝒙,𝒇𝒍𝒂𝒏𝒈𝒆 /𝟏. 𝟓𝟖

𝑽𝒇𝒍𝒂𝒏𝒈𝒆 𝒃𝒚 𝒆𝒒.𝟒

  Vweb, 

ACI 

(KN) 

Vs, 

Aci 

(KN) 

VT 

Aci 

B0 142.5 

58.79 31.16 89.95 

1.584 --- --- --- --- 

B1 196.5 2.18 54 34.1 37.47 0.910 

B2 201 2.23 58.5 37 48.98 0.755 

B3 209 2.324 66.5 42 73.48 0.572 

B4 173.5 1.93 31 19.6 48.98 0.400 

B5 257 2.86 114.5 72.46 97.97 0.740 

B6 216 2.4 73.5 46.5 73.48 0.633 

B7 224.5 2.495 82 51.9 73.48 0.706 

The contribution of the flange was considered after dividing 

its actual contribution in shearing by 1.58, which is the ratio 

between the experimental and calculated load of the reference 

beam B0 to maintain the same principle adopted by 

international codes in the difference between theoretically 

calculated results and laboratory results. To predict the flange 

contribution, use the same formula in equations 2 and 3 with 

flange dimension. The participation in shear force in ultimate 

shear capacity by the flange may be calculated by adding the 

shear capacities of the concrete web section ((Bf-bw). d), and 

web reinforcement in the flange, as shown in Eq. (4). The 

participation of steel in the flange is considered for steel in 

width not more than 3bw only. The results are shown in the 

last column in table 5. 

𝑉𝑓𝑙𝑎𝑛𝑔𝑒,𝑎𝑐𝑡 = (
1

6
√𝑓𝑐

′.  (𝐵𝑓 − 𝑏𝑤). 𝑑𝑓 +
𝐴𝑠𝑡𝑓.𝑓𝑦𝑠

𝑠
𝑑)          (4) 

A contribution factor with an improved value through 

laboratory and finite element results may be added to equation 

(4) and the equation become:  

 𝑉𝑓𝑙𝑎𝑛𝑔𝑒 = ψ(
1

6
√𝑓𝑐

′.  (𝐵𝑓 − 𝑏𝑤). 𝑑𝑓 +
𝐴𝑠𝑡𝑓.𝑓𝑦𝑠

𝑠
𝑑) (5) 

where ψ is the flange contribution factor and curve 17 gives 

this value according to df/d and Bf/bw. this curve is built on the 

regression analysis to match the shear capacity with the 

experimental results and finite element results. 

 
Fig. 17: Value of flange contribution factor 𝛙 used with equation (5) 

Solved example: 

Calculate the expected experimental ultimate shear capacity 

for a simple supported inverted T-beam tested under four-

point loading. The total web dimension is 500 mm x 250 mm, 

the total flange dimension is 800 mm x 180 mm, the concrete 

cover is 40 mm, and D8@120 mm shear reinforcement. 

Cylinder concrete compressive strength is 26 MPa and the 

yield strength of stirrups is 260 MPa. 

Solution: 

fc′ = 26 MPa, fys =260 MPa, bw = 250 mm, d = 460 mm, 

Ast=56.5 mm2, Bf =800 mm, df =140mm Astf = 56.5 mm2, and 

s =120 mm,  

From equation1, 2 and 3 calculate the web contribution: 

𝑉𝑠 = (
1

6
√26 x250x460 +

56.5x260

120
460)/1000= 154 kN 

Form the Fig. 17 get the flange contribution factor with 

Bf/bw=800/250 =3.2 and df/d=140/460=0.304 

ψ = 0.72 

Because Bf>3bw the web reinforcement in flange did not 

contribute to resist shear force and the flange contribution can 

be calculated from equation 5 by neglection reinforcement 

term: 

𝑉𝑓𝑙𝑎𝑛𝑔𝑒 =
0.72 (

1
6 √26 x(800 − 250)x140)

1000
= 47.1 𝑘𝑁 

The total analytical shear force = 154+47.1=201 kN 

The expected experimental ultimate shear capacity = 1.58 x 

201=317 kN 

VII- FUTURE STUDIES NEEDED 

Study the influence of flanges geometry on the shear 

behaviour of reinforced concrete inverted: 

1. T-wide beams. 

2. T-deep beams. 

3. T-large spans beams. 

4. T-beams with concentrated steel in web 

VIII- CONCLUSION 

Based on the experimental and numerical analyses 

conducted, the study has revealed that the shear resistance at 

the ultimate stage is not dependent only on the compression 

zone's area in the section. However, it should be noted that the 

tension flanges (i.e., the flanges of inverted T-section) also 

play a role in resisting shear stress along with the web. This 

suggests that the contribution of the tension flanges should be 

considered when evaluating the overall shear resistance of the 

section. By taking into account the combined contribution of 

all components of the section, a more accurate assessment of 
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its shear strength can be made. Also, it is possible to derive 

the following conclusions: 

1. As the width and depth of the flanges increase, the 

flexural cracking load, the first shear cracking load, and 

the amount of shear force carried by the flange also 

increased. However, it should be noted that for large 

flange widths, the shear stresses tend to concentrate 

around the web, and their extension into the flanges is 

limited. It is important to note that this trend is not 

observed as the depth of the flanges increases. 

2. The area of transversal reinforcement in flanges had a 

negligible effect on the first cracking load, the first shear 

cracking load, deformations, and the ultimate load but the 

finite element model showed that transversal 

reinforcement increases the shear force carried by flanges 

up to a distance not more than three times the web width. 

3. According to the study, the 3D nonlinear Finite Element 

model was able to predict the experimental response of 

inverted T-beams accurately when subjected to shear. 

However, there was a notable difference between the 

model and experimental results that the model 

consistently showed higher stiffness compared to the 

actual tests. 

4. An accurate simplified computational model was 

suggested based on the experimental and finite element 

results showing good prediction to the ultimate capacity. 
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