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Abstract 23 

Shear design of reinforced concrete beams with T section considers only the contribution of the 24 

web, mainly provided by aggregate interlock. However, as the load increases and large web 25 

crack openings take place, aggregate interlock reduces and shear stresses tend to concentrate 26 

near the neutral axis, usually located in the flanges of T beams, whose contribution to shear 27 

strength may be not negligible, as it has been experimentally observed. Thus, the contribution 28 

of flanges may drive to considerable cost savings in new structures and may become decisive 29 

when evaluating the shear capacity of existing structures. To quantify such contribution, a 30 

nonlinear 3D-FEA model has been developed and calibrated with the results of shear tests 31 

performed on RC T-beams by the authors. Once adjusted, the model has been used to analyze 32 

the shear response of beams with different geometry and longitudinal reinforcement, usual in 33 

practice. It has been found that, up to certain limits, the contribution of the flanges to the shear 34 

strength increases as the amount of longitudinal reinforcement decreases, as the flanges width 35 

increases and as the flange thickness increases. The maximum contribution of flanges found in 36 

the present study is 31.3% of the total shear resisted. Furthermore, the numerical model has 37 

been used to visualize and quantify aspects that are not easy to obtain experimentally, such as 38 

the distribution of the shear stresses between the web and the flanges. The present study will 39 

contribute to derive a design expression for the shear effective flanges width of T beams.  40 

 41 
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1. INTRODUCTION 43 

Shear strength of reinforced concrete members is difficult to predict due to the complexity of 44 

the phenomena involved, such as the cracking induced anisotropy, the relevance of the multi-45 

axial stress states generated, the interaction between concrete and reinforcement and the size 46 

effect associated to softening in compression or in tension. A large number of experimental and 47 

theoretical studies have been carried out along many years, resulting in considerably advances 48 

in the understanding of the shear resisting mechanism. Consequently, empirical and rational 49 

models capable to capture the experimental behavior have been developed [1-11], some of 50 

which are being incorporated in design and assessment concrete codes [12-14], even though 51 

most of them have been derived exclusively for members with a rectangular cross section. 52 

Members with T, I or box sections are very usual in current construction of buildings and bridge 53 

decks due to their high flexural strength/weight ratio. Usually, current codes consider that 54 

bending is resisted by the couple of forces “C-T”, being “C” the compression at the concrete 55 

head and “T” the tension at the longitudinal reinforcement, while shear is assumed to be taken 56 

by the web, by means of a truss mechanism. Therefore, no contribution of the flanges to the 57 

shear strength is considered, which is assumed to be totally resisted by the web, through 58 

aggregate interlock along the shear cracks. 59 

However, experimental studies [15-22] show that the shear strength of slender reinforced 60 

concrete (RC) beams and slabs with a T-shaped section is higher than that of beams with equal 61 

height, web width and reinforcements amounts. As a matter of example, Figure 1 shows that 62 

beams with 300 mm or wider flanges had about 25% greater ultimate strength than the 63 

rectangular beams [23]. Furthermore, the contribution of the flanges to the shear strength has 64 

been recognized and incorporated in some theoretical models, such as those presented in 65 

references [5, 24-33].  66 

According to the results of the above mentioned experimental and theoretical research works, 67 

it can be stated that a non-negligible contribution of the compression flange to the shear strength 68 

of beams with T-shaped sections exists, that is being ignored in the shear provisions of current 69 

codes for design. To neglect such contribution in the design is a conservative solution, generally 70 

accepted, even though it is not accurate. However, the assessment of existing structures is 71 

nowadays very important due to the increasing number of infrastructures in service that need 72 

to be correctly evaluated. An excessively conservative design method, when applied to the 73 

evaluation of existing structures, may consider them non-acceptable, as it would be the case of 74 

many bridges currently in service, which show a satisfactory structural performance. Therefore, 75 

an accurate assessment of existing bridges and other transportation infrastructures, which are 76 
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often being built with T-shaped cross section members, requires a realistic evaluation of the 77 

structure strength by means of models that take into account the flanges contribution.  78 

 79 

 80 

Figure 1. Effects of flanges on shear strength in beams with T-shaped cross section [16, 17]. 81 

 82 

In Figure 1, it can be observed that for beams with constant web width (bw), the bigger the 83 

flange width (bf), the higher the shear resisted (Vu) which may increase up to 25% with respect 84 

to the rectangular beam (b=bw), even though after a certain ratio b/bw, Vu remains constant. 85 

Similarly, for given web and flange widths, the thicker is the flange, the higher is the shear 86 

strength. 87 

Such fact may be explained because the shear stresses transferred by aggregate interlock, 88 

inversely depend on the cracks opening, so that near Ultimate Limit State (ULS) shear transfer 89 

by aggregate interlock is only possible near the crack tip. Therefore, a relevant part of the shear 90 

stresses concentrates around the neutral axis, which in T beams is usually located in the flanges. 91 

Such stresses extend inside the flanges diminishing its intensity with the distance to the web, as 92 

theoretically obtained by Ribas and Cladera [31], Celada [32], Cladera et al. [33], after the 93 

model developed by Bairán and Marí [29], using a sectional model (Figure 2). For this reason, 94 

after a certain value of the flanges width, no increment of shear strength is observed. On the 95 

other hand, in a thicker flange more shear stresses can be allocated and, therefore, a higher shear 96 

force may be resisted. However, this increment is progressively diminishing as the flange depth 97 
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hf, increases, since the shear stresses decrease with the distance to the neutral axis, due to the 98 

increment of the cracks width. 99 

  100 

 101 

Figure 2. Distribution of shear stresses in a beam with a T-shaped cross section [31]. 102 

 103 

The fact that most shear stresses at high loading levels concentrate around the neutral axis, 104 

makes that a relevant part of them are located in the uncracked compressed concrete zone, 105 

where compressive normal stresses due to bending enhance the capacity of this region to resist 106 

shear. Furthermore, transverse reinforcement is usually placed in the flanges, to resist the shear 107 

lag effect and the transversal bending (Figure 3). Such reinforcement confines the concrete in 108 

the transverse direction, thus incrementing the shear capacity of the compressed concrete zone 109 

of T beams.  110 

 111 

 112 

Figure 3. Confinement effects of the concrete web due to the transverse reinforcement forces. 113 

 114 
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Even though numerical models such as those based on non-linear 3D-Finite element analysis 115 

[34-36], may reproduce such complex phenomena, equations to take them into account in a 116 

simple but accurate way are necessary for a rational and safe design and assessment in 117 

engineering practice. For this purpose, the “shear effective flanges width” concept was 118 

developed, defined as a flange width that, assuming a constant shear stresses distribution in the 119 

transverse direction, would provide the same shear force in the flanges than the actual shear 120 

stresses distribution (Figure 4). 121 

 
Figure 4. “Shear effective flanges width” concept. 122 

 123 

Such concept was adopted by Placas et al. [18], Zararis et al. [28], Wolf and Frosch [30], Ribas 124 

and Cladera [31] and Cladera et al. [33], who incorporated it into their respective shear strength 125 

models. Predictions made by Cladera et al. [33] of the results of shear tests on T-shaped cross 126 

section beams, indicated that accounting for the effective shear width provides less conservative 127 

and disperse results with respect to the experimental values of ultimate shear. However, the 128 

scatter obtained when predicting the shear strength of T beams was much higher than when 129 

predicting the shear strength of rectangular beams. This indicated that, even though the effective 130 

shear width is a useful concept, its formulation requires a deeper study to capture the influence 131 

of the parameters involved and to improve the accuracy of the shear strength predictions. In 132 

fact, the expressions adopted up to now for the shear effective flanges width do not take into 133 

account the confinement effects of the flanges or the 3D flow of forces from the web to the 134 

flanges (shear lag effect), which need to be captured by 3D finite element analyses.  135 

In this paper, numerical studies of reinforced concrete beams with T-shaped sections failing in 136 

shear are performed by means of a non-linear three-dimensional finite element analysis, aiming 137 
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to study the influence of several design variables on the contribution of the flanges to the shear 138 

strength. For this purpose, Program ABAQUS version 6.14 [37], capable to capture the complex 139 

phenomena that governs the shear response of T beams, has been used. First, the model 140 

parameters are adjusted to fit the global results of several shear tests performed by the authors 141 

on T-beams [21, 22]. Then, comparisons of crack patterns and reinforcement strains are made 142 

to confirm the adequacy of the model to be used as a virtual laboratory. Once calibrated, the 143 

numerical model has been used to simulate shear tests on beams with different cross-section 144 

dimensions and reinforcement amounts. The results of the numerical analyses have provided 145 

information about the structural response not easy to measure experimentally, such as the 146 

distribution of the shear stresses between the web and the flanges, very valuable for the 147 

quantification of the contribution of the web and the flanges on beams with different cross 148 

section geometry and longitudinal reinforcement. The results obtained in these studies as well 149 

as those of on-going research studies to capture the influence of the transverse reinforcement 150 

and different combinations of bf, bw, hf and d, will be used to derive design equations for the 151 

effective shear width. 152 

 153 

2. MATERIALS AND METHODS 154 

2.1. Description of the tested beams 155 

Two full-scale RC (M and H), with a T-shaped cross-section were monotonically tested under 156 

a point load up to failure, performing two tests on each beam. The beams were 5,800 mm long 157 

with total height 550 mm, web width 200 mm, flanges width 600mm and flanges depth 150mm, 158 

as shown in Figure 5. Beams M and H had different bottom longitudinal reinforcement, 159 

consisting of two layers of 4φ16 for beams (M) and two layers of 2φ16 and 2φ20 for beams (H). 160 

The top longitudinal reinforcement consisted of 4φ12. The web shear reinforcement consisted 161 

of 6 mm diameter stirrups spaced at 240 mm along the shear span, and 140 mm along the rest 162 

of the beam. The same spacing was used for the 8 mm diameter flange stirrups. Concrete cover 163 

was 20 mm. 164 

Two tests (denoted as a and b, respectively) were carried out in each beam with a span of 3,300 165 

mm and a shear span of 1,480 mm, which corresponds to three times the effective depth (Figure 166 

5). Once the beam failed by one end, the supports were moved to the other end of the beam 167 

using a symmetrical configuration for the next test, placing the damaged part of the beam due 168 

to the first test just after the support. 169 
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 170 

(a) 171 

 
(b) 

Figure 5. Tested beams geometry and shear test setup: (a) Transverse cross section of the 172 
tested beams; (b) Longitudinal geometry and structural scheme. 173 

 174 

All internal steel reinforcement had nominal yield strength of 500 N/mm2. Tensile tests were 175 

performed for the different bar diameters employed. Results are summarized in Table 1. 176 

 177 

Table 1. Summary of the internal steel properties. 178 

φ fym 

(N/mm2) 

fum 

(N/mm2) 

εu εy Es 

(N/mm2) 

6 645.73 767.91 0.1444 0.0034 189956 

8 642.26 765.65 0.1316 0.0069 204750 

12 590.40 690.45 0.1680 0.0043 219270 

16 572.24 685.27 0.1357 0.0029 196121 

20 603.65 652.48 0.1262 0.0034 175084 
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 179 

Table 2 gives the concrete properties, the ultimate shear force and the critical shear crack 180 

inclination in the web and in the flange for each test. The ultimate shear force measured was 181 

much higher than the predictions according to the existing codes (Eurocode 2 [12], Spanish 182 

Concrete Code EHE-08 [38]), considering only the web contribution, showing that a high 183 

contribution of the flanges to the shear resistance took place. As observed, an increase in the 184 

longitudinal reinforcement ratio of 29.7% resulted in an increment of just a 6% of the ultimate 185 

shear force. Both beams failed in an almost identical manner, with a critical shear crack 186 

involving two branches. The first branch, located in the web, was typically found to be steeper 187 

than the second branch which developed in the flange (see Table 2). Failure occurs with the 188 

formation of the second branch (Figure 6). 189 

 190 

Table 2. Concrete properties, ultimate shear force, critical shear crack inclination in the web 191 
and in the flange. 192 

Test 
Casting 

Data 

Test 

Data 

fcm,28d 

(N/mm2) 

fcm,test 

(N/mm2) 

fctm,test 

(N/mm2) 

Ecm,test 

(N/mm2) 
Vu,test(kN) 

θweb 

(º) 

θflange 

(º) 

M-a 11/06/28 11/09/29 32.9 40.2 3.7 31632 299.9 27.5 9.0 

M-b 11/06/28 11/10/04 32.9 40.2 3.7 31632 309.6 37.5 10.5 

H-a 11/07/01 11/09/20 38.4 42.6 3.8 33060 326.6 29.0 7.0 

H-b 11/07/01 11/09/27 38.4 42.6 3.8 33060 319.7 28.0 9.5 

 193 

  
(a) (b) 

Figure 6. Experimental testing: (a) Failure of beam M; (b) Failure of beam H. 194 

 195 

2.2. Description of finite element model and calibration with the experimental results 196 

The finite element model that represents the reinforced concrete beam is shown in Figure 7. 197 

The 8-node linear brick element “C3D8R” of Abaqus and 15 mm size, with reduced integration 198 

and hourglass control, is used to create the mesh of concrete mass, which is considered a 199 

homogeneous solid. On the other hand, 2-node linear beam elements “B31” of Abaqus and 15 200 
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mm size are used to create the mesh of reinforcement bars with circular cross section whose 201 

diameter is equal to that of the corresponding corrugated bars. Moreover, these beam elements 202 

interact with the concrete ones as embedded elements. 203 

 204 

The mechanical behavior of the concrete brick elements was considered isotropic and a 205 

damage-plasticity model of Abaqus was adopted, considering concrete damage both in 206 

compression and tension. On the other hand, the mechanical behavior considered for the 207 

reinforcement beam elements is both isotropic and elastic-plastic. Mechanical properties of 208 

materials were determined according to Model Code 2010 [13] using the tests results 209 

summarized in Tables 1 and 2, respectively. Figure 8 includes the linear and non-linear 210 

materials constitutive curves adopted and their damage criteria. Concerning failure mode, the 211 

model available in Abaqus is a continuum, plasticity-based, damage model for concrete. It 212 

assumes that the main two failure mechanisms are tensile cracking and compressive crushing 213 

of the concrete material, considering the complete stress tensor (i.e., six components). 214 

 215 

(a) 216 

 217 

(b) 218 

 219 
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(c) 220 

Figure 7. FE model of the reinforced concrete beam: (a) Solid elements; (b) Beam elements; 221 
(c) Mesh detail. 222 

 223 

 224 

 225 

Figure 8. Mechanical properties of materials. 226 

 227 

The boundary conditions of the finite element model were elastic supports applied on the nodes 228 

of the beam area that are in contact with the elastomeric bearing pads and a pressure load applied 229 

on the nodes of the beam area where the test load acts (Figure 9). 230 

 231 

 232 
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 233 

Figure 9. Boundary conditions and reference sections of the finite element model. 234 

 235 

Figure 10 shows the shear force at the support vs. the vertical displacement at the loaded point, 236 

both for the experimental tests and the numerical simulation, showing that even the ultimate 237 

load is well captured the numerical response is stiffer than the experimental load-displacement 238 

relationship. This may be due to early age cracking of the concrete surrounding the longitudinal 239 

reinforcement, due to the restrain that steel bars produce to shrinkage and cooling thermal 240 

strains during hardening. Such cracks may reduce the beam stiffness, even though the ultimate 241 

capacity is not affected. Another possible reason might be the different modulus of elasticity 242 

along concrete. It can be seen that the average shear strength of the beam with the higher 243 

longitudinal reinforcement (ρ = 0.69%) is about 6% higher than that of the beams with the 244 

lower longitudinal reinforcement (ρ = 0.54%). This is consistent with the fact that the 245 

longitudinal reinforcement affects basically, the concrete contribution Vcu, which can be 246 

considered proportional to ρ1/3 approximately: the increment of Vcu will be 247 

(0.0069/0.0054)1/3=1.088.  248 

 249 

 250 

Figure 10. Shear force at the support vs. displacement under the load application point. 251 

 252 
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Figure 11 shows the experimental and numerically obtained crack patterns for the M and H 253 

tested beams, showing a very good agreement. In both cases, once the crack crosses de beam 254 

web, it continues to progress along the flange-web interface, until the crack propagates inclined 255 

inside the flange towards the load application point. This is due to the fact that the normal stress 256 

is equal in two adjacent points one in the top of the web and the other in the bottom of the 257 

flange, while the shear stress is much lower in the flange. Then an increase of load is needed to 258 

obtain the necessary principal stress in the flange, so the crack propagates inside it. Meanwhile 259 

the crack develops in the interface due to the transverse tensile stresses at that joint produced 260 

by the shear lag. 261 

 262 

 
M-a 

 
M-b 

 

 
H-a 
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H-b 

Figure 11. Comparison of crack patterns between experiments and FE simulations. 263 

 264 

The strains at the reinforcement were also measured by means of strain gauges glued to three 265 

stirrups and two longitudinal bars, as indicated in Figure 12. The numerical and experimental 266 

strains at the stirrups and longitudinal bars are compared in Figures 13 and 14, respectively. 267 

Despite the difficulties existing to experimentally capture the stirrups strains due to local effects 268 

of cracking and bond slip, a similar tendency can be observed between the experimental and 269 

the numerical results. It is remarkable to notice that both experimental and numerical results 270 

show the shear force at which the stirrups are activated, usually associated to the concrete 271 

contribution Vc, prior to concrete cracking. For both beams, M and H, the numerical activation 272 

of the stirrups takes place for a higher shear force than in the experimental test, what is also 273 

probably due to the early age cracking and by the tensile stresses produced in the concrete cover, 274 

that consume part of the tensile strength of concrete. Such tensile stresses are due to the non-275 

linear distributions of shrinkage and thermal strains, between the inner and outer fibers of the 276 

section, due to the different moisture and environmental conditions. 277 

 278 

 279 

Figure 12. Position of the strain gauges glued to longitudinal and transverse reinforcement. 280 

 281 

The differences in the reinforcement strains may be also due to the randomness in the crack 282 

development, so that the strain measured at different bar positions, may vary considerably 283 

depending on whether the considered measurement device is crossed or not by a crack. 284 

Therefore, the comparison between the experimental and numerical results should be better 285 

made in terms of the average strains measured along a bar (longitudinal or stirrup) crossed by 286 

a crack. 287 
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 288 

  

  

  
(a) (b) 

Figure 13. Comparison of strains at the stirrups under increasing load: (a) Beam M-A; (b) 289 
Beam H-B. 290 

 291 

Despite the quantitative differences found in the reinforcement strains, which may be attributed 292 

to the above mentioned local effects, the predicted and observed crack patterns and ultimate 293 

loads are quite similar. Therefore, it can be considered that the model is reliable enough to be 294 
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used as a virtual laboratory to simulate shear tests on beams with other geometrical or 295 

reinforcement characteristics, and perform parametric studies. 296 

 297 

In Figure 14, a good correlation is observed between the experimental and numerical strains at 298 

the longitudinal rebars, especially for beam H. 299 

 300 

  
(a) (b) 

Figure 14. Comparison of strains at the longitudinal reinforcement, under increasing load: (a) 301 
Beam M-A; (b) Beam H-B. 302 

 303 

3. RESULTS 304 

In order to quantify the contribution of the flanges to the shear strength of beams with T-shaped 305 

cross section, the structural response of a number of such type of beams has been studied under 306 

increasing the load up to shear failure using the already calibrated numerical model. All beams 307 

had the same length, load position and reinforcements than those tested (M- beams, reinforced 308 

with two layers of 4φ16each and H beams, reinforced with two layers of 2φ16 and 2φ20, each), 309 

but with different flanges width and thickness. The flanges width at each side of the web 310 

considered, for a constant flange depth of 150 mm, are 0 mm (rectangular section), 50 mm, 100 311 

mm, 150 mm, 200 mm and 30 0mm. The flanges depth considered, for a constant width of 200 312 

mm, are 0 (rectangular section), 50 mm, 100 mm, 150 mm (actually tested beam) and 200 mm. 313 

Figure 15 shows the geometry of cross section of the analyzed beams. 314 
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Figure 15. Cross sections geometry of the analyzed beams. 315 

 316 

Figures 16 and 17 show the vertical shear stresses obtained with the numerical model, just 317 

before reaching the failure load, for beams M and H, respectively with hf=150 mm, at section 318 

B (see figure 9), where the concrete strut lies in the flanges. Results for sections with bf=300 319 

and bf=500 mm are not included in these figures due to space limitations, although the 320 

contribution of the flanges and web to the shear strength can be found in tables 3 to 6. 321 

 322 

 323 

Figure 16. Vertical shear stresses obtained with the numerical model at beam M, Section B, 324 
with hf=150 mm and different flange widths.  325 
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 326 

Figure 17. Vertical shear stresses obtained with the numerical model at beam H, Section B, 327 
with hf=150 mm and different flange widths. 328 

 329 

Figures 18 and 19 show the shear stresses of beams M and H, for constant width bf = 600 mm 330 

and different thickness for the flange. 331 

 332 

  

  

Figure 18. Shear stresses at beam M, Section B, with bf = 600 mm and variable flange 333 
thickness. 334 
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 335 

  

  

Figure 19. Shear stresses at beam H, Section B, with bf = 600 mm and variable flange 336 
thickness. 337 

 338 

It can be observed, especially in the sections with wider flanges, that shear stresses are located 339 

not only in the web but also in the flanges. In addition, almost no qualitative differences are 340 

found between beams M and H. It is also remarkable that the thicker is the flange, the more 341 

shear stresses are placed on it. Tables 3 to 6 show the total shear force resisted as well as the 342 

percentage of shear force resisted by the whole web, by the part of the web inside the head, by 343 

the flanges at both parts of the web and by the whole head, for sections A and B, beams M and 344 

H. In this context, the head means the flanges plus the portion of web between them. Such 345 

values have been obtained by integrating the vertical shear stresses provided by the numerical 346 

model at each considered region. 347 

 348 

Table 3. Contribution to shear strength of the web and flanges in H beam for hf=150 mm and 349 
different flange widths. 350 

Reinforcement type Beam H  .hf=150mm 

Beam sections A B 

Flange width (mm) 200 300 400 500 600 800 200 300 400 500 600 800 

Shear force Vy (kN) 287 288 290 293 317 320 287 288 290 293 317 320 

% Vy Total Web 100.0 78.5 87.3 88.0 85.8 85.3 100.0 74.3 62.8 59.4 60.9 55.7 

% Head - Flanges 0.0 4.7 2.9 2.7 3.6 4.1 0.0 8.0 15.7 18.1 19.2 23.5 

% Head - Web  16.8 9.8 9.3 10.6 10.6  20.7 21.5 22.5 19.9 20.8 
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% Total Head  21.5 12.7 12.0 14.2 14.7  28.7 37.2 40.6 39.1 44.3 

 351 

Table 4. Contribution to shear strength of the web and flanges in M beam for hf=150 mm and 352 
different flange widths. 353 

Reinforcement type Beam M. hf=150 mm 

Beam sections A B 

Flange width (mm) 200 300 400 500 600 200 300 400 500 600 

Shear force Vy (kN) 260 264 271 282 292 260 264 271 282 292 

% Vy Total Web 100.0 87.3 86.8 88.4 85.9 100 76.5 67.6 58.8 53.1 

% Head-Flanges 0.0  2.7 3.1 2.0 3.5 0.0 7.2 12.4 21.2 23.3 

% Head-web  10.1 10.1 9.6 10.6  16.3 20.0 20.0 23.6 

% Total Head  12.8 13.2 11.6 14.1  23.5 32.4 41.2 46.9 

 354 

Table 5. Contribution to shear strength of web and flanges in H beam for bf=600 mm and 355 
different flange thickness. 356 

Reinforcement type Beam H.  bf=600mm 
Beam sections A B 
Flange thickness (mm) 0 50 100 150 200 0 50 100 150 200 
Shear force Vy (kN) 287 290 294 317 319 287 290 294 317 319 
% Vy Total Web 100.0 97.4 88.3 85.8 66.8 100.0 95.8 84.6 60.9 50.8 
% Head-Flanges 0.0 

 

0.3 2.3 3.6 12.4 0.0  0.4 5.4 19.2 30.3 
% Head-web  2.3 9.4 10.6 20.8  3.8 10.0 19.9 18.9 
% Total Head  2.6 11.7 14.2 33.2  4.2 15.4 39.1 49.2 

 357 

Table 6. Contribution to shear strength of web and flanges in M beam for bf=600 mm and 358 
different flange thickness. 359 

Reinforcement type Beam M.  bf=600mm 
Beam sections A B 
Flange thickness (mm) 0 50 100 150 200 0 50 100 150 200 
Shear force Vy (kN) 260 267 270 292 293 260 267 270 292 293 
% Vy Total Web 100.0 97.7 94.1 85.9 76.5 100.0 95.1 

 

 

75.9 53.1 48.2 
% Head-Flanges 0.0 

 

0.3 0.8 3.5 9.1 0.0 0.6 9.8 23.3 31.3 
% Head-web  2.0 5.1 10.6 14.4  4.3 14.3 23.6 20.5 
% Total Head  2.3 5.9 14.1 23.5  4.9 24.1 46.9 51.8 

 360 

The following relevant aspects can be observed: 361 

 362 

- The shear carried by the flanges in section A is lower than in section B, because section 363 

A crosses the lower part of the compression strut. The lower distance from section A to 364 

the support reaction does not allow the compression stresses to be fully transferred from 365 
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the web to the compression head. For this reason, only the results at B section will be 366 

analyzed next. 367 

 368 

- For a constant thickness and variable flange width, the percentage of shear carried by 369 

the flanges is higher for beam M, with a lower longitudinal reinforcement ratio, because 370 

the crack width is higher, the neutral axis depth is smaller and the shear stresses tend to 371 

concentrate in the un-cracked compression head more than in beam H. However, this 372 

difference tends to disappear in the case of constant width after a certain thickness, 373 

because a non-negligible part of the shear stresses which are placed under the neutral 374 

axis lie also in the flanges. 375 

 376 

- The percentage of shear carried by the flanges increases as the flange width increases, 377 

even though there is an asymptotic tendency towards a 20% in beam H and 25% in beam 378 

M. These results coincide with those previously obtained experimentally and 379 

summarized in [23]. 380 

 381 

- The percentage of shear carried by the flanges notably increases as the flange thickness 382 

increases, however no asymptotic tendency is observed in this case, because a relevant 383 

part of the shear stresses which are placed under the neutral axis lie also in the flanges. 384 

 385 

- The maximum percentage of shear taken by the flanges for the studied cases, 386 

corresponding to a section with hf=200 mm and bf=600 mm, and it is 31.3% for the 387 

lower reinforcement (M), which can be considered as a highly significant value. 388 

 389 

- The maximum shear force taken by the whole head reaches 51.8 % at section B in beam 390 

M, what confirms the hypothesis that an important part of the shear force is taken by the 391 

compression concrete head.  392 

 393 

In addition, it has been observed that the horizontal path along the flange-web interface 394 

increases as the flange thickness increases (Figure 20). The reason for this behavior is that the 395 

sudden change in the section width, from the web to the head, requires a considerable increment 396 

of shear stresses in order the crack to enter into the flanges, and meanwhile such value is 397 

reached, the critical shear crack propagates along the flanges-web horizontal joint. Since the 398 

shear stresses are lower in the section with higher moment of inertia, a higher shear force will 399 
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be necessary to produce a principal tensile stress big enough to propagate the crack inside the 400 

concrete head. Therefore, a longer horizontal crack will be produced in the section with thicker 401 

flanges.  402 

 403 

Type M beam Type H beam 

 
Flange thickness 100 mm 

 
Flange thickness 100 mm 

 
Flange thickness 150 mm 

 
Flange thickness 150 mm 

 
Flange thickness 200 mm 

 
Flange thickness 200 mm 

Figure 20. Comparison of crack patterns for different flange thickness. 404 

 405 

4. CONCLUSIONS 406 

The following conclusions can be drawn from the experimental and numerical analyses 407 

performed: 408 

 409 

(1) The capacity of the 3D nonlinear Finite Element structural analysis model developed to 410 

accurately reproduce the experimental response of beams with T-shaped sections 411 

subjected to shear tests has been demonstrated. The only relevant differences found are 412 

the strains at the stirrups, which are affected by the localization of the critical crack, 413 

whose position is not coincident in the tests and in the numerical simulations.  414 

(2) Simulations of shear tests on T beams with different flanges dimensions and 415 

reinforcement amounts have been performed. It has been confirmed that, at failure, the 416 

shear stresses tend to concentrate around the neutral axis in the compressed concrete 417 
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zone in flexure, thus resulting a non-negligible contribution of the flanges to the shear 418 

strength. The maximum percentage of shear force taken by the whole compressed 419 

concrete zone in flexure reaches 51.8 %, while the maximum percentage of shear taken 420 

by the flanges for the studied cases, is 31.3%, which can be considered as a highly 421 

significant value. 422 

(3) It has been found that the part of shear force taken by the flanges depends on the position 423 

of the section considered along the beam, resulting higher for sections where the 424 

compression stresses are fully transferred from the web to the compression head.  425 

(4) The amount of longitudinal reinforcement affects the percentage of shear force carried 426 

by the flanges. The lower reinforcement ratio, the wider is the critical crack, thus 427 

reducing its shear transfer capacity in the web and increasing the shear resisted by the 428 

flanges. 429 

(5) The shear force carried by the flanges increases as their width and depth increase. Since 430 

shear stresses concentrate around the web, their extension in the flanges is limited, so 431 

their contribution shows an asymptotic tendency towards a 25% of the total shear 432 

resisted. This tendency is not observed as the flanges depth increases.  433 

 434 

The obtained results indicate that a shear effective flange width may be obtained as a 435 

function of the flange dimensions and longitudinal reinforcement ratio. In addition, other 436 

parameters, such as the amount of transverse reinforcement in the web and in the flanges, 437 

may have a relevant role due to the concrete confinement provided by them on the concrete. 438 

For these reasons, the influence of these and other geometric parameters, such as ratios 439 

bf/bw, hf/bf and hf/h will be studied in future works, with the purpose of deriving a simple 440 

but accurate expression for the effective shear flanges width.  441 

  442 
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Notation 443 

 444 

bw: Web width 445 

bf: Flange width 446 

bv: Shear effective flange width 447 

h: Beam depth 448 

hf: Flange thickness 449 

d: Beam effective depth 450 

φ: Diameter of reinforcement bars 451 

fym: Steel yield strength 452 

fum: Steel ultimate strength 453 

εy: Steel yield strain 454 

εu: Steel ultimate strain 455 

Es: Steel Young’s modulus 456 

fcm,28d: Concrete mean compressive strength at 28 days, 457 

fcm,test: Concrete mean compressive strength in experimental tests 458 

fctm,test: Concrete mean tensile strength in experimental tests 459 

Ecm,test: Concrete secant modulus in experimental tests 460 

θweb: Web cracking angle 461 

θflange: Flange cracking angle 462 

Vu: Maximum shear resisted 463 

Vu,test: Maximum shear resisted in experimental tests 464 

Vc: Concrete shear resisted  465 
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