
_____________________________________________________________________________________________________ 
 
++

 Professor; 
#
 Lecturer, Ph.D.; 

*Corresponding author: Email: Ibrahim.Elazab@bhit.bu.edu.eg; 
 
J. Eng. Res. Rep., vol. 24, no. 7, pp. 1-17, 2023 

 
 

Journal of Engineering Research and Reports 

 
Volume 24, Issue 7, Page 1-17, 2023; Article no.JERR.97036 
ISSN: 2582-2926 

 
 

 

 

Nonlinear FE Prediction of Shear 
Strength of RC T-Beams with  
Flange in Compression Zone 

 
Osman M. O. Ramadan 

a++
, Ahmed H. Abdel-Kareem 

b++
,  

Hala R. Abousafa 
b++

 and Ibrahim A. El-Azab 
b#*

 
 

a 
Department of Structural, Faculty of Engineering, Cairo University, Giza-12613, Egypt. 

b 
Department of Civil Engineering, Benha Faculty of Engineering, Benha University, Benha-13518, 

Qalyubia, Egypt. 
 

Authors’ contributions 
 

This work was carried out in collaboration among all authors. All authors read and approved the final 
manuscript. 

 
Article Information 

 
DOI: 10.9734/JERR/2023/v24i7824 

 
Open Peer Review History: 

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  
peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 

https://www.sdiarticle5.com/review-history/97036 

 
 

Received: 01/01/2023 
Accepted: 03/03/2023 
Published: 09/03/2023 

 
 

ABSTRACT 
 

This research predicts the shear strength of reinforced concrete T-beams with flanges under 
compression stresses using nonlinear finite element (FE) analysis. A FE model is developed and 
verified against specially designed experiments (beams with varying flange width and depth). 
Results of the FE models were found to be in excellent agreement with their corresponding 
experimental results. The average load capacity and deflections (FE/experiments) ratios were 1.03 
and 0.87, respectively. We then conducted an extensive parametric study to investigate the 
structural performance of flanged beams under the effect of two concentrated point loads.  This 
parametric study examined four parameters: flange dimensions, longitudinal reinforcement in 
flange, concrete compressive strength, and shear span to depth ratio. Our findings indicated that 
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the presence of compressed flanges in T-beams increases the shear strength by up to 260% of the 
shear strength of the web alone. The shear strength of flanged beams increases with the increase 
in flange dimensions, where the effect of flange thickness is more pronounced than that of flange 
width. Moreover, the presence of longitudinal reinforcement in the flange enhanced the beam's 
shear strength by up to 40%, compared to similar beams without flange reinforcement. Additionally, 
the shear strength increased up to three-fold for various beam conditions when the shear span to 
depth ratio was reduced from 2.0 to 0.5. These findings provide valuable insights for designing and 
constructing reinforced concrete T-beams with flanges under compression stresses. 
 

 
Keywords: Finite element analysis; shear strength; reinforced concrete beams; T-beam; Girder. 
 

1. INTRODUCTION 
 
Flanged reinforced concrete beams have been 
widely used in many applications in the field of 
civil engineering. As such, the performance of 
these structural members was discussed 
experimentally as well as analytically. Hesham et 
al. [1] conducted a numerical experimental study 
the shear behavior of lightweight concrete 
flanged beams. Six lightweight concrete beams 
were tested to investigate the effects of flange 
width and shear span to depth ratio. Their 
experimental and FE results showed that the 
failure load of T-beams with different flange 
widths (320, 520, and 720 mm) increased in 
proportion to the flange width. However, it was 
also observed that the failure load was inversely 
proportional to all the shear span to depth ratio.  
 
Balamuralikrishnan et al. [2] performed 
experiments as well as FE investigations to 
evaluate the performance of RC T-beams 
reinforced internally with GFRP reinforcements to 
shearing loads. A total of twelve specimens were 
tested with varying parameters (type of 
reinforcements, reinforcements ratio, and 
concrete grade). Finite element modeling of the 
T- beams was done using ANSYS program 
utilizing two special elements: solid 65 and link 8. 
The experimental outcomes of the flanged 
beams agreed well with the FE numerical results.  
 
Hamdy et al. [3] showed that finite element 
modeling via ANSYS program was able to fairly 
predict the performance of RC T-beams with 
openings reinforced with either carbon fiber 
reinforced polymer (CFRP) or basalt fiber 
reinforced polymer (BFRP) sheets.  In particular, 
ANSYS finite element models could reasonably 
predict the failure load and the mode of failure for 
the analyzed beams.  
 
Hugo et al. [4] pointed out that the serviceability 
circumstances of T-beams can be improved by 
increasing the concrete strengths as concrete 

strength has an essential influence on the de-
bonding phenomenon.  
 
Pansuk et al. [5] indicated that an increase in the 
flange width of a T-beam gave higher shear 
capacity (in a nonlinear relationship) for the T-
beams with shear reinforcement. However, they 
found that in the case of a T-beam without shear 
reinforcement, the width of the flange has almost 
no effect on shear capacity. 
 
Sato et al. [6] showed that concrete top flanges 
had significant effects on shear behavior of RC 
T-beams as it affects the shear strength, stress 
in shear reinforcement, and crack propagation. 
Concrete top flanges could also reduce the shear 
strains in the beam web. They recommended 
that concrete top flange near compression zone 
should be considered as part of the shear 
resisting mechanism of T-beams. 
 
Finally, Giaccio et al. [7] tested fifteen flanged 
specimens with shear reinforcement and web 
longitudinal reinforcement. There observed the 
effect of the flange width to web width ratio 
(bf/bw) on the shear strength of reinforced 
concrete T-beams; this effect depended on the 
ratio of flange thickness to effective beam depth 
(df/do). They suggested based on their 
experiments that as long as the ratio df/do is 
above a certain minimum value (df/do ≥ 0.25), 
then the increase in shear resistance for a given 
increase in bf/bw is independent of df/do. 
 
Numerical analysis technique that is based on 
the finite element method has been checked in 
this research to detect the effect of the flange on 
the reinforced concrete T-beams in both pre- and 
post-cracking stages of loading and up to 
ultimate load. ANSYS [8] is adopted in the study 
as it is furnished with sufficient modelling 
features that suit the finite element analysis of 
RC beams. First, 3-D nonlinear FE models of 
flanged beams "with flange in the 
compression" were specially developed using 

https://www.jstage.jst.go.jp/search/global/_search/-char/ja?item=8&word=Withit+Pansuk
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ANSYS V-19.2. Then, results obtained were 
validated through comparisons with the test 
results of specially designed and conducted 
experiments that included similar beams. Results 
of the FE models agreed very well with the 
corresponding experimental results; the 
theoretical and experimental crack patterns were 
also in good practical agreement. Using this 
validated model, it was possible to run an 
extensive parametric study of all variables, a 
study that couldn’t be done experimentally due to 
cost and time constraints. 
 

2. FINITE ELEMENT MODELING USING 
ANSYS  

 

2.1 Geometry 
 
Finite element modeling and nonlinear analysis 
are performed using ANSYS software. The 
structural element types adopted for geometric 
idealization of the different materials are SOLID 
65 for concrete, and LINK 8 for steel bars and 
stirrups. In order to avoid stress concentration 
problems such as localized crushing of concrete 

elements near the bearing and loading plates, 
SOLID 45 elements are used to model the 30 
mm thickness steel plates inserted at locations of 
supports and concentrated loads (see Fig. 1 for 
modelling layout). For solving the nonlinear 
equations using Newton- Raphson equilibrium 
iteration technique, the infinite norm of 
displacement and the convergence precision are 
taken equal to 0.05 [9,10,11]. Fig. 2 shows the 
loading configuration and support conditions.  
 

2.2 Constitutive Relations 
 
Constitutive relationships for both the 
reinforcement and the concrete are described 
below.  
 
2.2.1 Constitutive relation for concrete  
 
Concrete is a quasi-brittle material that behaves 
differently in compression and tension. The 
tensile strength of concrete is typically 8-15% of 
its compressive strength [12]. Fig. 3 shows a 
typical stress-strain curve for normal weight 
concrete applied in our numerical study [13].

 

 
 

 
(a) Solid 65 (b) Link 8 (c) Solid 45 

 
Fig. 1. Structural elements idealization for the numerical models [9] 

 

 
 

Fig. 2. Applied load and support conditions 
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Fig. 3. Typical uniaxial compressive and tensile stress-strain curve for concrete 
(Bangash1989) 

 
To define concrete material in ANSYS, the 
following inputs are required: elastic modulus 
(Ec); ultimate uniaxial compressive strength (f’c); 
ultimate uniaxial tensile strength (modulus of 
rupture, fr); Poisson’s ratio (ν); and shear transfer 
coefficient (βt). To define the uniaxial stress-
strain relationship for concrete in compression, 
Eqs. 1 to 3 were used [14]. 
 

f = 
    

   
 

  
 
                                                      (1) 

 

εo= 
    

  
                                                         (2) 

 

Ec= 
      

 
                                                        (3) 

Where: 
 
f   = stress at any strain ε , psi 
ε  = strain at stress f 
εo  = strain at the ultimate compressive strength 
fc’ 
Ec = the initial tangent modulus for concrete in 
MPa and is defined according to ACI-318 14 [15] 
by the following equations:  
 

Ec   = 4700                                                   (4) 

 
Fig. 4 shows the simplified compressive               
uniaxial stress-strain relationship adopted in this 
study. 

 

 
 

Fig. 4. Simplified compressive uniaxial stress-strain curve for concrete 
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2.2.2 Constitutive relation for steel 
 
Fig. 5 shows the idealized stress-strain 
relationship for the steel reinforcement. Material 
properties are as follows: elastic modulus, 
Es=200,000 MPa; yield stress, fy = 420 MPa (Lab 
test); and Poisson’s ratio, ν = 0.3. 
 

3. MODEL VALIDATION  
 
In this section, results of the FE model are 
validated using test results of a recent 
experimental investigation conducted by the 
authors [16]. Table 1 presents the geometrical 
and mechanical properties of few selected 
specimens for comparison. Furthermore, the test 
set-up together with specimens’ details are 
shown in Figs. 6 and 7, respectively, while the 
corresponding finite element models are shown 

in Fig. 8. For details about the full experimental 
program to nineteen specimens, please refer to 
[16]. 
 

3.1 Load Deflection Curves  
 
Fig. 9 compares the load-deflection calculated 
using ANSYS models with the corresponding 
experimental measurements for three specimens 
(C0, G1-0.3-3 & G3-0.5-5). It is seen that the FE 
results agree very well with the experiments [16] 
in terms of the ultimate load capacity (Pu) and the 
corresponding ultimate deflection (Δu). It is noted, 
however, that- in the initial part- the theoretical 
load-deflection curve is 9% to 15% stiffer than 
that obtained experimentally. Besides, the 
average ratio of FE to experimental ultimate 
deflections [Δu(FE) /Δu(EXP)] for all specimens was 
0.87 [16]. 

 

 
 

Fig. 5. Idealized stress-strain curve for reinforcing steel 
 

 
[a]- Specimen with Rectangular cross section (control) 
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[b]- T- cross section without stirrups 

 
[c]- T- cross section with stirrups 

 
Fig. 6. Specimen details and arrangement of reinforcement (All dimensions in mm) [16] 

 

 
 

Fig. 7. Preparation of Test Set-up Specimens [16] 
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Table 1. Experimental program 
 
Specimen Cross 

Sectional 
Area (cm

2
) 

Cross Sectional 
Area Increasing 
(%) 

Flange Dim. Stirrups in 
flange within 
shear zone 
(mm) 

Longitudinal reinforcement in 
Flange 

Longitudinal 
reinforcement in 
Flange [%] tf   

(cm) 
bf  (cm) Af  (cm

2
) Bottom 

Steel 
Top 
Steel 

C0 300 ------ ------ ------ ------ ------ 
G1-0.3-3 480 60% 0.3h= 9 30 270 ------ ------ ------ 
G3-0.5-5 900 200% 0.5h=15 05 750 Ø8@75 6 Ø 10 + 1Ø10/side 2 Ø 8 + 2 Ø 6   1.046% 
For specimens G1-0.3-3 and G3-0.5-5: the first part G1 refers to without flange reinforcement while G3 with longitudinal bars and flange stirrups within the shear zones; the second part refers to the 

ratio of flange thickness to the total depth (ρt = 0.3 and 0.5); and the third part refers to the flange width to web width ratio (ρb = 3 and 5) 



 
 
 
 

Ramadan et al.; J. Eng. Res. Rep., vol. 24, no. 7, pp. 1-17, 2023; Article no.JERR.97036 
 
 

 
8 
 

  
(a) 

  
(b) 

  
(c) 

 
Fig. 8. Finite Element Simulation Models for specimens: a) Rectangular; b) G1-0.3-3; and c) 

G3-0.5-5 from Ref. [16] 
 

 
 

(a) 

 
 

(b) 

 
 

(c) 
 

Fig. 9. Predicted and Measured Load-Deflections Curves for Three Specimens: a) Rectangular; 
b) G1-0.3-3; and c) G3-0.5-5. [16] 
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3.2 Ultimate Load Comparison 
 

The experimental ultimate loads for specimens 
C0, G1-0.3-3, and G3-0.5-5 were 106.4, 281.9, 
and 473.8 kN; respectively; while its FE 
predictions were 113.4, 264.1, and 516.2 kN; 
respectively. The difference between the 
theoretical and experimental ultimate loads is 
about ±6%, while the average of the [Pu(FE) / 
Pu(EXP)] ratio for all specimens is 1.03. This 
validates accuracy of the ANSYS model and 
qualifies it for use in the parametric study to 
examine the performance of reinforced concrete 
T-beams. 
 

3.3 Crack Pattern and Failure Mode 
 

A comparison between the experimental crack 
patterns for tested beams in Ref. [16] with the 
predicted crack patterns by ANSYS is shown in 
Fig. 10. All specimens failed in shear (mode) 

distinguished by wide diagonal cracks extending 
from close to the supporting column towards the 
steel loading plate. In addition, the figure shows 
change in spreading of cracks with the presence 
and size of flange. 
 

3.4 Parametric Study 
 
3.4.1 General  
 
In order to study the effect of different 
parameters on the structural response of RC T-
beams, several beams (labeled as S, S1, S2, ... 
S96) are analyzed. As given in Table 2, the main 
considered parameters include: (1) the concrete 
strength (fc’), (2) width ratio (ρb), (3) depth ratio 
(ρt), (4) ratio of longitudinal steel in flange (ρ), 
and (5) shear span to depth ratio (a/d). The 
rectangular beam S is the reference or control 
case.  

 

 
[a] 

 
[b] 

 

 
[c] 
 

Fig. 10. Predicted and Observed Cracking Patterns and Failure Load for Three Specimens: a) 
Rectangular; b) G1-0.3s-3; and c) G3-0.5-5 [16] 
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Table 2. Parametric study 
 

Specimen width 
ratio 

Depth ratio a/d fc' Longitudinal steel in 
flange 

No of 

(ρb) (ρt) ρ % Runs 

S ------ ------ 2.0 30 ----- 1 
S 1:12 3 0.10, 0.3, 0.5& 0.7 0.5, 1.0, and 2.0 30 0.5 12 
S 13:24 5 0.10, 0.3, 0.5& 0.7 0.5, 1.0, and 2.0 30 0.5 12 
S 25:48 7 0.10, 0.3, 0.5& 0.7 0.5, 1.0, and 2.0 30 and 60 0.5 24 
S 49:84 7 0.10, 0.3, 0.5& 0.7 0.5, 1.0, and 2.0 30 0.0, 1.0, and 2.0 36 
S 85:96 9 0.10, 0.3, 0.5& 0.7 0.5, 1.0, and 2.0 30 0.5 12 

     Total 97 
Width ratio (ρb = bf /bw) is the ratio of flange width “bf “and web width “bw“, depth ratio (ρt = t/h) is the ratio of flange thickness 
“t” and total web depth “h”, a/d is the span to depth ratio, ρ % is the longitudinal steel in the flange.  Control specimen S is 

rectangular section, with total depth 300 mm and width 100 mm  

 
Note: In every row of Table 2, as the beam label increases (from Si to Si+1, Si+2, etc.) changes in 
parameters occur first for ρt , then for a/d, then for fc', and finally for ρ, as listed in the table.  Thus, S49 
designates the beam with ρt =0.1, a/d=0.5, and ρ=0.0, while S54 represents the beam with ρt =0.3, 
a/d=1.0, and ρ=0.0, and S79 is the beam with ρt =0.5, a/d=1.0, and ρ=2.0. 
 

3.5 Presentation of ANSYS Results 
 
The following terms were used to present the results and all specimens' results are displayed in    
Table 3. 
 
 Loads at the yield level (Py) and at the ultimate level (Pu). 
 Deflection at the yield level (Δy) and at the ultimate level (Δu).  
 Displacement ductility (μΔ) = (Δu/Δy).  
 Toughness (I) = the area under the load-deflection curve.  

 
Table 3. Numerical results for various analyzed beams 

 
Specimen Pu (kN) Py (kN) Pcr (kN) Δu (mm) Δy (mm) Δcr (mm) QuR αuR I IuR 

S 141.61 ------  33.47 2.81 ------  0.34 1 1 1089 1.0 
S1 559.50 356.40 140.44 2.86 3.03 0.36 3.95 1.02 2907 2.7 
S2 516.96 437.77 142.56 2.04 2.51 0.33 3.65 0.73 3846 3.5 
S3 692.85 430.30 150.87 2.91 3.18 0.38 4.89 1.04 3673 3.4 
S4 714.67 N.Y* 178.62 2.43 N.Y* 0.38 5.05 0.86 4364 4.0 
S5 300.22 210.57 72.36 2.53 2.82 0.38 2.12 0.90 1717 1.6 
S6 328.58 271.78 72.66 2.67 3.53 0.33 2.32 0.95 2715 2.5 
S7 440.19 427.09 73.28 3.92 4.21 0.34 3.11 1.40 3104 2.9 
S8 500.99  N.Y 86.67 3.65 N.Y  0.33 3.54 1.30 3119 2.9 
S9 156.09 100.52 38.30 2.69 7.35 0.32 1.10 0.96 1022 0.9 
S10 198.57 147.53 35.73 3.57 5.05 0.27 1.40 1.27 1446 1.3 
S11 270.99 195.03 37.47 4.50 5.37 0.27 1.91 1.60 1674 1.5 
S12 354.17  N.Y 45.78 5.13  N.Y 0.29 2.50 1.83 2127 2.0 
S13 572.64 560.06 148.62 2.54 2.56 0.38 4.04 0.90 3088 2.8 
S14 623.87 621.41 157.71 2.93 2.90 0.37 4.41 1.04 4861 4.5 
S15 769.96 756.27 168.70 2.75 3.50 0.40 5.44 0.98 6633 6.1 
S16 882.42  N.Y 218.41 2.86  N.Y 0.34 6.23 1.02 6909 6.3 
S17 284.25 193.88 71.34 2.35 4.11 0.33 2.01 0.84 1883 1.7 
S18 361.60 282.53 73.14 2.70 3.72 0.32 2.55 0.96 2871 2.6 
S19 520.52 492.87 80.92 4.67 5.07 0.33 3.68 1.66 4373 4.0 
S20 651.44  N.Y 110.52 4.23  N.Y 0.33 4.60 1.51 4493 4.1 
S21 155.06 98.58 34.58 4.24 6.02 0.23 1.09 1.51 1087 1.0 
S22 205.31 172.54 38.04 3.23 6.78 0.30 1.45 1.15 1540 1.4 
S23 291.47 253.38 43.59 4.14 5.38 0.23 2.06 1.47 2194 2.0 
S24 437.37 422.75 59.74 5.62 5.01 0.29 3.09 2.00 3605 3.3 
S25 539.03 450.27 147.13 2.50 1.55 0.36 3.81 0.89 4428 4.1 
S26 601.13 555.55 155.19 2.03 2.28 0.36 4.24 0.72 5587 5.1 
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Specimen Pu (kN) Py (kN) Pcr (kN) Δu (mm) Δy (mm) Δcr (mm) QuR αuR I IuR 

S27 813.05 598.64 186.74 2.41 4.57 0.37 5.74 0.86 6426 5.9 
S28 955.33  N.Y 266.28 2.51 N.Y  0.35 6.75 0.89 6911 6.3 
S29 291.17 206.89 75.67 2.16 3.73 0.32 2.06 0.77 2055 1.9 
S30 370.20 340.28 76.91 2.53 4.11 0.31 2.61 0.90 3413 3.1 
S31 583.19 432.66 89.37 3.64 4.33 0.31 4.12 1.29 4434 4.1 
S32 683.84  N.Y 140.99 3.85 N.Y  0.33 4.97 1.37 5042 4.6 
S33 155.33 142.38 40.71 2.58 5.27 0.28 1.10 0.92 1172 1.1 
S34 216.92 162.65 43.43 3.07 6.90 0.23 1.53 1.09 1683 1.5 
S35 345.30 N.Y 48.58 4.41 N.Y 0.26 2.44 1.57 2678 2.5 
S36 468.64 N.Y 73.43 4.76 N.Y 0.28 3.31 1.69 3403 3.1 
S37 966.03 780.48 184.95 3.21 3.44 0.29 6.82 1.14 8841 8.1 
S38 1160.45 1091.52 190.97 4.03 3.66 0.30 8.19 1.43 10419 9.6 
S39 1616.71 1488.36 225.87 11.42 5.14 0.33 11.42 4.06 16049 14.7 
S40 1575.32 1409.87 337.32 4.47 8.56 0.33 11.12 1.59 12934 11.9 
S41 537.98 457.99 88.35 3.81 5.05 0.33 3.80 1.35 4829 4.4 
S42 729.11 674.25 94.84 15.30 7.70 0.31 5.15 5.44 9242 8.5 
S43 899.35 830.58 113.21 17.34 6.49 0.31 6.35 6.17 13217 12.1 
S44 1089.80 1010.36 178.46 12.49 5.27 0.33 7.70 4.44 14311 13.1 
S45 291.42 258.80 43.89 5.41 7.07 0.27 2.06 1.93 2239 2.1 
S46 387.44 362.88 46.12 11.57 6.76 0.26 2.74 4.12 3544 3.3 
S47 471.56 420.76 57.63 11.46 5.11 0.26 3.33 4.08 4526 4.2 
S48 594.53 515.21 93.98 12.00 4.23 0.28 4.20 4.27 5637 5.2 
S49 552.96 N.Y  141.13 2.34  N.Y 0.33 3.90 0.83 4069 3.7 
S50 618.56   155.58 2.23   0.29 4.37 0.80 5694 5.2 
S51 772.52   157.25 2.73   0.25 5.46 0.97 5932 5.4 
S52 831.80   184.54 2.95   0.24 5.87 1.05 7118 6.5 
S53 305.85   102.28 2.40   0.60 2.16 0.85 2832 2.6 
S54 340.13   76.79 2.35   0.31 2.40 0.84 1628 1.5 
S55 456.24   87.24 3.21   0.30 3.22 1.14 3252 3.0 
S56 648.25   135.01 5.25   0.35 4.58 1.87 5316 4.9 
S57 161.20   37.59 2.66   0.27 1.14 0.95 1086 1.0 
S58 229.81   39.64 3.93   0.27 1.62 1.40 1591 1.5 
S59 310.08   46.74 5.56   0.27 2.19 1.98 2277 2.1 
S60 336.09   65.19 6.74   0.26 2.37 2.40 3019 2.8 
S61 545.20 435.37 146.33 2.21 9.09 0.36 3.85 0.79 4563 4.2 
S62 673.43 N.Y  159.83 2.25 N.Y  0.39 4.76 0.80 5696 5.2 
S63 839.89   188.97 2.51   0.33 5.93 0.89 6190 5.7 
S64 972.73   254.32 2.45   0.31 6.94 0.87 8186 7.5 
S65 319.21 216.90 78.21 2.47 9.33 0.37 2.25 0.88 2430 2.2 
S66 418.11  N.Y 83.40 3.02  N.Y 0.37 2.95 1.07 3392 3.1 
S67 610.65   91.59 4.44   0.30 4.31 1.58 5294 4.9 
S68 703.74  151.69 3.51   0.34 4.83 1.25 5627 5.2 
S69 155.78   40.91 2.50   0.28 1.10 0.89 1139 1.0 
S70 246.86   38.21 3.84   0.25 1.74 1.37 2008 1.8 
S71 433.35   49.18 6.42   0.26 3.06 2.28 3222 3.0 
S72 460.77   82.91 4.61   0.30 3.25 1.64 3440 3.2 
S73 564.70   147.63 2.55   0.36 3.99 0.91 4697 4.3 
S74 744.36   153.98 2.94   0.31 5.26 1.05 5158 4.7 
S75 853.55   196.26 2.37   0.32 6.03 0.84 6025 5.5 
S76 982.97   295.72 4.54   0.35 6.87 1.62 8148 7.5 
S77 325.30   72.43 2.63   0.32 2.30 0.94 2289 2.1 
S78 396.49   77.21 2.70   0.31 2.80 0.96 3879 3.6 
S79 574.60   99.76 3.09   0.32 4.06 1.10 4708 4.3 
S80 690.89   160.98 3.47   0.34 4.88 1.24 5451 5.0 
S81 169.86   38.23 3.02   0.27 1.20 1.07 1317 1.2 
S82 260.72   39.36 4.61   0.27 1.84 1.64 2169 2.0 
S83 401.81   51.43 4.20   0.26 2.84 1.50 2647 2.4 
S84 473.23   87.67 4.94   0.29 3.34 1.76 3589 3.3 
S85 552.58   143.38 2.30   0.32 3.90 0.82 3252 3.0 
S86 657.33   159.68 6.30   0.29 4.64 2.24 5226 4.8 
S87 855.04   211.25 5.43   0.36 6.04 1.93 4052 3.7 
S88 1091.01   262.26 3.22   0.29 7.70 1.15 4738 4.4 
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Specimen Pu (kN) Py (kN) Pcr (kN) Δu (mm) Δy (mm) Δcr (mm) QuR αuR I IuR 

S89 307.32 192.59 76.99 2.40 4.66 0.3217 2.17 0.85 2017 1.9 
S90 406.85 381.67 84.37 2.75 4.01 0.31 2.87 0.98 3574 3.3 
S91 613.52 462.25 102.29 3.70 4.40 0.32 4.33 1.32 4266 3.9 
S92 690.99  N.Y 164.68 3.37  N.Y 0.33 4.88 1.20 6088 5.6 
S93 159.26 129.55 37.48 2.73 7.28 0.27 1.12 0.97 1203 1.1 
S94 247.99 192.69 41.81 3.78 6.50 0.27 1.75 1.34 1920 1.8 
S95 389.48 302.82 53.68 5.79 8.00 0.26 2.75 2.06 2914 2.7 
S96 512.85 N.Y  85.62 5.08  N.Y 0.28 3.62 1.81 2074 1.9 

*: The longitudinal steel in flange Did Not Yield 

 
Where: 
 
QuR = Shear capacity ratio at the ultimate 
load level = Pu   / Pur 

(0) 

αuR = Deflection ratio at the ultimate load 
level = Δu   / Δur 

(7) 

IuR = Toughness ratio  = I   / Iur (8) 
 
And 
 
Pcr : Cracked load (kN). 
Δcr : The deflection at the first crack (mm).  
Pur : Shear capacity at the ultimate load level 

for the control specimen (S). 
Δur : Deflection at the ultimate level for the 

control specimen. 
Iur : Toughness of the control specimen. 
  

3.6 Effect of Flange Dimensions: Width 
Ratio (ρb= bf/bw) and Depth Ratio (ρt= 
t/h) 
 

Fig. 11 presents the variation of beam ultimate 
shear strength, Pu, with the flange width ratio (ρb) 
for T-beams with variable flange thickness ratio 
(ρt). In addition, Fig. 12 presents the variation of 
beam ultimate shear strength, Pu, with the flange 
thickness ratio (ρt) for T-beams with variable 

flange width ratio (ρb). The data in Figs. 11 and 
12 corresponds to beams with ρ= 0.5, fc’= 30, 
and a/h= 2. Compared to control beam S (with 
Pu= 141.61 kN), presence of flange with a width 
of triple times web width (ρb= 3) and with 
thickness of 0.1, 0.3, 0.5, and 0.7 of beam depth; 
increased beam shear strength Pu by 10%, 40%, 
90%, and 150%; respectively. Besides, for flange 
width of nine times web width (ρb= 9), the 
corresponding increases in beam shear strength 
become 12%, 75%, 175%, and 260%; 
respectively. Both flange width and thickness 
affect the shear strength of T-beams while the 
effect of flange thickness is more pronounced. 
For thin flanges (ρt= 0.10), increasing flange 
width does not help.  

 

3.7 Effect of Longitudinal Steel in Flange 
 
The ultimate load predicted for T-beams with 
variable flange longitudinal reinforcement 
percentile ratios (0, 0.5, 1.0, and 2) is shown in 
Fig. 13 for three cases of shear span to depth 
ratio (a/h= 0.5, 1.0, and 2.0). Fig. 13 shows that 
increasing flange longitudinal reinforcement, ρ, 
from 0% to 2% increases the beam ultimate load 
by an average of 8%, 29%, and 27% for a/h= 
0.5, 1.0, and 2; respectively.  

 

 
 

Fig. 11. Variation of ultimate load Pu with flange width ratio (ρb) at different flange thickness 
ratios (ρt) for ρ= 0.5, fc’= 30 MPa & a/h= 2 
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Fig. 12. Variation of ultimate load Pu with flange thickness ratio (ρt) at different flange 
width ratios (ρb) for ρ= 0.5, fc’= 30 MPa & a/h= 2 

 

 

 
 

Fig. 13. Effect of flange longitudinal reinforcement on Ultimate load for different shear span 
to depth ratios for ρb =7, ρt =0.5 &  fc’ =30  MPa 

 

3.8 Effect of Shear Span to Depth Ratio 
 

Results for T-beams with different shear span to 
depth ratios (a/h= 0.5, 1, and 2) are shown in 
Figs. 14 and 15 for ρt =0.3 and ρ =0.5.  
 

Fig. 14 presents variations of the ultimate shear 
strength with the shear span-to-depth ratio for ρb 
=7 and two values of concrete characteristic 
strength (fc’= 30 MPa and 60 MPa), ρt =0.3, ρ 
=0.5) and ρb =7. For fc’ =30 MPa, Fig. 15 depicts 
variations of the ultimate shear strength with the 
shear span-to-depth ratio at various flange 
widths (ρb =3, 5, 7, & 9). The increase in (a/h) 
obviously reduced the shear capacity of flanged 
beams. In particular, decreasing the shear span 

to depth ratio from 2.0 to 1.0, and then to 0.5 
increased the ultimate shear strength by an 
average of 49% and 120%, respectively. This 
trend is repeated for all flange widths and 
concrete strengths. 

 
The load deflection curves for three T-beams that 
are identical but have different shear span to 
depth ratios (a/h= 0.5, 1.0, and 2.0) are 
presented in Fig. 16.  The curve indicates that 
the beam toughness (I) is reduced as the shear 
span increases. Numerical values revealed that 
the toughness of beams having a/h of 1.0 and 
2.0 were less than that of the similar beam with 
a/h of 0.5 by about 28% and 49%, respectively. 
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Fig. 14. Effect of shear span-to-depth ratio on ultimate shear strength of T-beams for two 
values of concrete characteristic strength (ρb =7, ρt =0.3, ρ =0.5). 

 

 
 

Fig. 15. Effect of shear span-to-depth ratio on ultimate shear strength of T-beams with various 
flange widths (ρt =0.3, ρ =0.5& fc’ =30 MPa) 

 

 
 

Fig. 16. Effect of shear span-to-depth ratio on load-deflection curves of flanged beams (ρb=3, 
ρt=0.7, fc’=30 MPa & ρ=0.5 
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3.9 Effect of Concrete Characteristic 
Strength 

 
Values of the ultimate shear strengths calculated 
for 24 T-beams are displayed in Fig. 17. These 
values correspond to T-beams with one flange 
width ρb=7; four values of flange thickness 
ρt=0.1, 0.3, 0.5 & 0.7; and two values of concrete 
characteristic strengths (fc’= 30 and 60MPa). 
Study of data in Fig. 17 and Table 3 showed that- 
on average- doubling concrete strength of beams 
results in doubling the first-yield load and 
increases the first-crack load by about 20%. The 
increase in beam ultimate shear capacity varies 
with both shear span and flange thickness. 
Numerically, doubling fc’ lead to shear capacity 
increases of 65%:99% for a/h =0.5; 54%:97% for 
a/h=1; and 27%:88% for a/h=2. It is also noted 

that the increase in shear capacity with 
increasing concrete strength becomes less 
pronounced as the span length or the flange 
thickness increases. 
 
To examine the effect of concrete characteristic 
strength on beam toughness, the load-deflection 
relationship for beams with fc’= 30 and 60MPa 
are presented in Fig. 18 for three flange 
thickness ratios ρt= 0.1, 0.3 &0.7 (other variables 
are ρb=7, a/h= 0.5). Considerable increase with 
an average of 74% in beam toughness, I, is 
observed with the increase in fc’ from 30 to 60 
MPa. Finally, Fig. 19 shows that the flexural 
crack pattern at failure is similar for beams with 
concrete strength of 30 to 60 MPa, while the use 
of higher concrete strength delayed the 
premature shear failure. 

 

 
 

Fig. 17. Effect of concrete characteristic strength on shear capacity for beams with variable 
shear span to depth ratios (ρb=7, ρt= 0.1, 0.3, 0.5& 0.7) 

 

 
ρt= 0.1 ρt= 0.3 ρt= 0.7 

 
Fig. 18. Effect of concrete characteristic strength on load-deflection relationship for beams 

with variable flange thickness (ρb=7, a/h= 0.5) 
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Fig. 19. Effect of concrete characteristic strength on crack patterns at failure for beams with 
variable flange thickness: ρt= 0.1 for S25&37, 0.3 for S26&38, 0.7 for S28&40  

(ρb=7, a/d= 0.5 & ρ= 0.5%) 
 

4. CONCLUSIONS 
 

The following remarks are concluded based on 
analysis ANSYS finite element results of the 
validated model:  
 

1. Good general agreement is observed 
between the results of the developed 
nonlinear FE model (by ANSYS) and the 
corresponding experimental results in 
terms of load-deflection relationships, 
crack patterns and propagation, and 
failure modes.  The average value of the 
ultimate load ratios (Pu(FE)/Pu(EXP)) and 
ultimate deflection ratios (Δu(FE)/Δu(EXP)) 
was 1.03 and 0.87, respectively.  

2. The most important parameters in 
improving the shear capacity of T-beams 
are the ratio of flange thickness to beam 
depth (t/h) followed by the ratio of flange 
width to web width (bf/bw). Presence of 
flange with (t/h) = 0.1 to 0.7 increased the 
shear strength Pu by 10% to 150% for 
(bf/bw) = 3 and by 12% to 260% for (bf/bw) 
= 9. Thus, the effect of flange thickness is 
more pronounced. For thin flanges (t/h = 
0.10), increasing flange width does not 
help.  

3. Increasing flange longitudinal 
reinforcement, ρ, from 0% to 2% increased 
the beam ultimate load by an average of 
8%, 29%, and 27% for shear span to 
depth ratio (a/h) of 0.5, 1.0, and 2; 
respectively.  

4. Investigation of the load deflection curves 
for identical T-beams that have different 
shear spans indicated that the beam 
toughness (I) decreases as the shear span 
increases. In particular, the toughness of 
beams with a/h of 1.0 and 2.0 were less 
than that of the similar beam with a/h of 
0.5 by about 28% and 49%, respectively. 

5. Increasing the concrete characteristic 
strength fc’ from 30 to 60 MPa increased 
the beam shear capacity by 65%:99% for 
a/h =0.5; 54%:97% for a/h=1; and 
27%:88% for a/h=2.  

6. The results of this study could help in 
reducing projects’ cost by including the 
contribution of thick compressed flanges to 
the shear strength of T-beams.  
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