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Doubly Reinforced Concrete Beam Design (CSA A32.3-14) 

Determine the required reinforcement steel area for a concrete beam carrying service dead and live loads. First, check 

if singly reinforced beam section is suitable. If not, try doubly reinforced concrete beam section by adding compression 

reinforcement. It is desired that the section for this beam be tension controlled. Compare the calculated values in the 

Reference and the hand calculations with values obtained by spBeam engineering software program from 

StructurePoint. 

 

Figure 1 – Doubly Reinforced Concrete Beam Cross-Section 

  

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

Design of Concrete Structures (CSA A23.3-14) and Explanatory Notes on CSA Group standard A23.3-14 

“Design of Concrete Structures”  

Reference  

Reinforced Concrete Structures, 2nd Edition, 2018, Omar Chaallal, Presses de l´Université du Québec, Example 

4.4 

spBeam Engineering Software Program Manual v5.50, StructurePoint, 2018 

 

Design Data 

fc’ = 30 MPa  

fy = 400 MPa  

Beam span length, L = 6.00 m 

Beam cross-section: 350 mm x 400 mm 

Dead loads and live loads resulting in factored moment, Mf = 230 kN-m 

Use No. 30M bars for longitudinal reinforcement (As = 700 mm2, db = 29.9 mm) 

Use No. 15M bars for compression rebars (As = 200 mm2, db = 16 mm) 

Use No. 10M bars for stirrups (As = 100 mm2, db = 11.3 mm) 

Clear cover = 40 mm CSA A23.3-14 (Table 17) 

 

  

https://structurepoint.org/pdfs/manuals/spBeam-Manual.pdf
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Solution 

The first step in the solution is to determine the ratio of tension reinforcement (ρ) and ratio of tension reinforcement 

corresponding to balanced section conditions (ρb). if ρ > ρb, the addition of compression reinforcement will be 

considered. Note that the reference recommends to provide compression reinforcement when the tension 

reinforcement ratio (ρ) reaches 80% to 85% of ρb (80% of ρb is used for this example).  

1. Flexural Design 

1.1. Required and Provided Reinforcement 

Using the simplified formula shown in the reference with Mr = Mf and d = 0.9h, estimate As.estimated and 

deduce the number of layers required. 
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  Reinforced Concrete Structures, Chaallal (Table 4.3) 

 

 

Figure 2 – Bending Moment Diagram 

For this beam, the moment at the midspan governs the design. 

230 kN-mfM =  
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Use 30M bars with 40 mm concrete cover per CSA A23.3-14 (Table 17). The distance from extreme 

compression fiber to the centroid of longitudinal tension reinforcement, d, is calculated below: 
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Using Table 4.4 from the reference. 
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  Reinforced Concrete Structures, Chaallal (Table 4.4) 

Assume that 1 80% b =   Reinforced Concrete Structures, Chaallal (Table 4.4) 

1 0.80 0.80 0.0263 0.0210b =  =  =  

0.0232 0.0210 Compression reinforcement recommended =  →  

2
1 1 0.0210 350 334 2457.74 mmsA b d=   =   =  

0.65c =   CSA A23.3-14 (8.4.2) 

0.85s =   CSA A23.3-14 (8.4.3) 
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Where: 

'

1 0.85 0.0015 0.85 0.0015 30 0.805 0.67cf = − = −  =   CSA A23.3-14 (10.1.7) 

'

1 0.97 0.0025 0.97 0.0025 30 0.895 0.67cf = − = −  =   CSA A23.3-14 (10.1.7) 

The corresponding nominal moment is:  
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Therefore, compression reinforcement is needed to increase the amount of tension reinforcement enough to 

achieve the required strength. 

1.2. Doubly Reinforced Beam Section 

2 1 230 215.34 14.66 kN-mr f rM M M= − = − =  
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Provide 4 – No. 30M bars (As,provided = 700 mm2 per bar) for longitudinal reinforcement  
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1
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0.895
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= = =  CSA A23.3-14 (10.1.7) 

Where c is the distance from the extreme compressive fibre to the neutral axis. 

 CSA A23.3-14 (3.2) 
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1.3. Minimum Requirements and Detailing Provisions 

1.3.1. Skin Reinforcement 

400 mm 750 mmh =   Skin reinforcement is not required CSA A23.3-14 (10.6.2) 

1.3.2. Flexural Cracking Control 

Check the requirement for distribution of flexural reinforcement to control flexural cracking: 

1/3( )s cz f d A=  CSA A23.3-14 (10.6.1) 

Use 0.6 240 MPas yf f= =  CAC Concrete Design Handbook – 4th Edition (2.3.2) 

400 334 66.25mmcX d h d= = − = − =  

22 2 66.25 350
11,593.75 mm

4

X b
A

n

   
= = =   

( )
1/3

240 66.25 11,593.75 21,979.33 N/mm < 25,000 N/mmz =   =  o.k. 

1.3.3. Deflection 

6000 mmnL L= =  

min
16

nL
h =  CSA A23.3-14 (Table 9.2) 

min
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375 mm 400 mm

16
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2. Doubly Reinforced Concrete Beam Design – 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. 

 

The investigation mode is selected in the creation of the spBeam model for comparison purposes (to reflect the 

assumption made by the reference to enforce the compression reinforcement when ρ reaches 80% of ρb).  

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

obtained from an spBeam model created for the doubly reinforced beam discussed in this example. 

 

 

 

 

 

 

 

 

https://structurepoint.org/soft/software-profile.asp?l_family_id=52
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
http://www.spbeam.org/
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3. Comparison of Design Results 

Table 1 - Comparison of Results 

Method 
Mf,  

kN-m 

As',top,  

mm2 

As,bot,  

mm2 

Mr,  

kN-m 

Reference 230 400 2800 250.00* 

Hand 230 400 2800 247.61 

spBeam 230 400 2800 248.33 

* Reference value for Mr is slightly different due to rounding. 

 

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

automated exact results obtained from the spBeam program. 

 

4. Conclusions & Observations 

As shown in this example, using compression reinforcement helps in changing the beam failure mode from 

compression (brittle failure mode) to tension (ductile failure mode). The following shows other applications where 

the use of doubly reinforced beam sections can be helpful: 

The use of compression reinforcement in beams reduces the long-term deflections of a beam subjected to sustained 

loads. Creep of the concrete in the compression zone transfers load from the concrete to the compression steel, 

reducing the stress in the concrete. Because of the lower compression stress in the concrete, it creeps less, leading to 

a reduction in sustained-load deflections. 

In seismic regions or if moment redistribution is desired, doubly reinforced beam sections can be helpful since the 

beam ductility increases when compression reinforcement is used. The strain in the tension reinforcement at failure 

increases since the depth of the compression stress block decreases, resulting in more ductile behavior. 

Compression reinforcement maybe be used for fabrication purposes. It is customary to provide small bars in the 

corners of the stirrups to hold the stirrups in place in the form and also to help anchor the stirrups. Such reinforcement 

may have a small effect on strength but can be considered in spBeam for investigation purposes. 

 

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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