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Moment Strength of Flanged Reinforced Concrete Beam (ACI 318-14) 

 

 

 

  



   

  Version: October-05-2021  

Moment Strength of Flanged Reinforced Concrete Beam (ACI 318-14) 

Determining the flexural design strength of the isolated T-section shown in Figure 1 in accordance with the ACI 318-

14 code.  Tension reinforcement is 9-#11 with three bars in each of the three layers which are spaced one-inch clear 

space.  The T-section is also reinforced with 5-#8 bars as compression reinforcement and #4 stirrups.  Concrete 

compressive strength fc’ is 4,000 psi and reinforcement yield strength fy is 60,000 psi.  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 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 4.4.5. 

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

Design Data 

fc’= 4,000 psi normal weight concrete 

fy = 60,000 psi 

Beam overall height, h = 40 in. (Including flange thickness) 

Flange thickness, tf = 5 in. 

Flange width, bf = 30 in. 

Clear cover = 1.5 in. (For tension reinforcement) 

Tension reinforcement (9-#11), As = 9×1.56 in.2 = 14.04 in.2 

Compression reinforcement (5-#8), As = 5×0.79 in.2 = 3.95 in.2, centroid of compression reinforcement is located 

2.5 in. from top of the flange. 

Solution  

1. Effective Flange Width 

Determining the effective flange width following ACI 318-14 (6.3.2.2), the effective flange width bf  will be: 

 4f wb b  ACI 318-14 (6.3.2.2) 

30 in.  4 4 14 in.= 56 in.f wb b=  =   

 0.5f wt b  ACI 318-14 (6.3.2.2) 

5 in.  0.5 0.5 14 in.= 7 in.f wt b=  =   

Therefore, flange width and flange thickness are satisfactory to ACI 318-14 (6.3.2.2). 

2. Flanged Section Analysis 

Determining the effective depth and calculating the stress block depth, assuming rectangular section behavior. 

For a clear cover of 1.5 in. and #4 stirrups: 
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 clear cover stirrup diameter 1.5 bar diameters  spacing between layersd h= − − −  −  

40 in. 1.5 in. 0.5 in. 1.5 1.41 in. 1 in. 34.89 in.d = − − −  − =
 

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. 

( )' '

'

0.85

0.85

s y s y c

c f

A f A f f
a

f b

 −  − 
=

 
 

( )2 214.04 in. 60 ksi 3.95 in. 60 ksi 0.85 4 ksi
6.07 in. 5 in.

0.85 4 ksi 30 in.
fa t

 −  − 
= =  =

 
 

Depth of the equivalent block exceeds the flange depth (i.e., T-section behavior).  The internal forces, assuming 

yielding of compression steel, are: 

214.04 in. 60 ksi 842.40 kipss yT A f=  =  =  

'

1

kips
0.85 0.85 4 ksi 14 in. 47.6

in.
c wC f b a a a= =    =   

( )'

2 0.85 0.85 4 ksi 16 in. 5 in. 272 kipsc f w fC f b b t=   −  =    =  

( ) ( )' ' 20.85 3.95 in. 60 ksi 0.85 4 ksi 224 kipss s y cC A f f=  −  =  −  =
 

From equilibrium T = C, 

1 2 sC C C C T= + + =  

842.4 kips 272 kips 224 kips
7.27 in.

47.6kips in.
a

− −
= =  

'

1 0.85 0.85 4 ksi 14 in. 7.27 in. 346.05 kipsc wC f b a=    =    =  

Where: 

1 0.85 =  ACI 318-14 (Table 22.2.2.4.3)
 

1

7.27 in.
8.55  in.

0.85

a
c


= = =  

Verifying that the compression steel reinforcement yields as assumed. 
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'
' 8.55 in. 2.5 in.

0.003 0.003 0.00212 0.00207
8.55 in.

s y

c d

c
 

− −
=  =  =  =

 

Therefore, compression reinforcement yields as assumed. 

3. Nominal Flexural Strength 

The section will be treated as a T-section by the two-coupled method illustrated in Figure 2.  The nominal 

moment strength Mn can be determined by taking moments with respect to the centroid of the tension steel. 

( )'1 2
2 2

f

n s

ta
M C d C d C d d

  
=  − +  − +  −  

   
 

( )

7.27 in. 5 in.
346.05 kips 34.89 in. 272 kips 34.89 in. 1 ft

2 2
12 in.

224 kips 34.89 in. 2.5 in.

nM

    
 − +  −    

=     
 +  − 

 

901.32 734.17 604.61 2240.1 ft-kipsnM = + + =  
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4. Design Flexural Strength 

In order to calculate the net tensile strain εt at the extreme tension steel, the distance dt  
to the extreme tension 

steel is: 

1.41 in. 1.41 in.
1 in. 34.89 in. 2.41 in. 37.3 in.

2 2
td d= + + + = + =  

37.3 in. 8.55 in.
0.003 0.003 0.01 0.005

8.55 in.

t

t

d c

c


− −
=  =  =   

Computing the net tensile strain εt at the extreme tension steel.  Strain of reinforcement at level dt is illustrated 

in Figure 2. 

 
Figure 2 – Strain diagram and internal forces 

 

37.3 in. 8.58 in.
0.003 0.003 0.010 0.005

8.58 in.

t

t

d c

c


− −
=  =  =   

thus, 0.9 =  and, 

0.9 2240.1 ft-kips 2016.1 ft-kipsnM =  =  
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5. Moment Strength of Flanged Reinforced Concrete Beam – spBeamSoftware 

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. 

  

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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6. Comparison of Design Results 

Table 1 - Comparison of Results 

Method 
As,provided, 

in.2 

A's,provided, 

in.2 

bf, 

in. 

ϕMn, 

kip-ft 

Reference  14.04 3.95 30 2019.00 

Hand  14.04 3.95 30 2016.10 

spBeam  14.04 3.95 30 2016.35 

 

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.  However, the reference results are slightly 

different compared with the hand calculations results and the program results due to the cumulative rounding off 

in the numbers through the solution steps. 

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