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Flexural Strength of Flanged Reinforced Concrete Beam (T-Beam Section) - ACI 318-14 

Determining the design flexural strength for the reinforced concrete T-beam shown in the following figure. Compare 

the calculated values in the Reference and the hand calculations with values obtained by spBeam engineering software 

program from StructurePoint. 

 

 

Figure 1 – Flanged Reinforced Concrete Beam (T-Beam) Cross-Section 

  

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/index.asp
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Code 

Building Code Requirements for Structural Concrete (ACI 318-14) and Commentary (ACI 318R-14) 

 

Reference  

[1] Reinforced Concrete Design, 8th Edition, 2017, Chu-Kia Wang, Charles G. Salmon, Jose A. Pincheira, Gustavo 

J. Parra-Montesinos, Oxford University Press, Example 4.4.1. 

[2] spBeam Engineering Software Program Manual v5.50, StructurePoint LLC., 2018. 

 

Design Data 

fc’ = 4,500 psi normal weight concrete 

fy = 60,000 psi 

Cover = 3.5 in. to the center of the reinforcement 

Beam cross-section: 13 in. × 28.5 in. (Including flange thickness) 

Flange thickness = 4.5 in. 

Tension reinforcement = 8-#8 bars  

Beam span length = 24 ft o.c. 

Beams are centered 13 ft apart 

Supporting columns dimensions = 28 in. x 28 in.  
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Solution  

1. Effective Flange Width 

Determining the effective flange width following ACI-6.3.2.1, the effective flange width bf will be:
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2. Flanged Section Analysis 

Rectangular section behavior is assumed where the stress block depth "a" is less than the flange thickness (a<tf) 

and yielding of the reinforcement is expected. 
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Assumption of rectangular section behavior is correct.  For such a small value of "a" rectangular section 

behavior is correct.  For such a small value of a, it is clear that (εs > εy). 

3. Nominal Flexural Strength 

The beam section will be treated as a rectangular section with stress block depth is a = 1.27 in., 

1.27 in.
  25 in. 24.36 in.

2 2
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Nominal flexural strength will be: 
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Therefore: ϕ = 0.90 (function of the extreme-tension layer of bars strain) ACI 318-14 (21.2.1) 

0.9 770 kip-ft 693 kip-ftnM =  =  
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4. Flexural Strength of Flanged Reinforced Concrete Beam – spBeam Software 

spBeam is widely used for analysis, design and investigation of beams, and one-way slab systems (including 

standard and wide module joist systems) per latest American (ACI 318) and Canadian (CSA A23.3) codes. 

spBeam can be used for new designs or investigation of existing structural members subjected to flexure, shear, 

and torsion loads. With capacity to integrate up to 20 spans and two cantilevers of wide variety of floor system 

types, spBeam is equipped to provide cost-effective, accurate, and fast solutions to engineering challenges. 

 

spBeam provides top and bottom bar details including development lengths and material quantities, as well as 

live load patterning and immediate and long-term deflection results. Using the moment redistribution feature 

engineers can deliver safe designs with savings in materials and labor. Engaging this feature allows up to 20% 

reduction of negative moments over supports reducing reinforcement congestions in these areas. 

 

Beam analysis and design requires engineering judgment in most situations to properly simulate the behavior of 

the targeted beam and take into account important design considerations such as: designing the beam as 

rectangular or T-shaped sections; using the effective flange width or the center-to-center distance between the 

beam and the adjacent beams. Regardless which of these options is selected, spBeam provide users with options 

and flexibility to: 

1. Design the beam as a rectangular cross-section or a T-shaped section. 

2. Use the effective or full beam flange width. 

3. Include the flanges effects in the deflection calculations. 

4. Invoke moment redistribution to lower negative moments 

5. Using gross (uncracked) or effective (cracked) moment of inertia 

6. Design the beam as singly or doubly reinforced section. 

For illustration and comparison purposes, the following figures provide a sample of the results obtained 

from an spBeam model created for the beam covered in this design example. 

 

For illustration and comparison purposes, the following figures provide a sample of the results obtained from an 

spBeam model created for the beam covered in this design example. 

  

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
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5. Comparison of Analysis Results 

Table 1 - Comparison of Results 

Method Reinforcement 
As,provided, 

in.2 

bf, 

in. 

ϕMn, 

kip-ft 

Reference 8 #8 6.32 78 693.00 

Hand 8 #8 6.32 78 693.00 

spBeam 8 #8 6.32 78 692.93 

 

In all of the hand calculations and the reference used illustrated above, the results are in precise agreement with 

the automated exact results obtained from the spBeam program.  The reference example displayed the nominal 

flexural capacity without having the strength reduction factor applied.  Based on the calculations shown in Section 

3 of this document, a value of 0.9 for the flexural reduction factor is applied in Table 1. Note the spBeam feature 

of the effective flange width calculation was not deployed as it is more conservative than the required code 

provisions. 

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
https://structurepoint.org/soft/software-profile.asp?l_family_id=52
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