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Although most of concrete columns in the world are of rectangular or round shapes, sometimes 

irregular-shaped concrete columns are needed for various reasons.   There are a few concrete column 

design software tools available today that can help you do such design.  However, I have not found an 

example that we can use to verify the accuracy of these software tools.  In this article, I will present 

such an example using step-by-step hand calculation.  It is author’s hope that engineers can utilize this 

example to evaluate accuracy and effectiveness of any tools they might use in the design of irregular-

shaped columns. 

 

The example computes the section axial and moment capacity at a certain neutral depth.  The nominal 

moment capacity is found by summing the moments of all the internal forces about the centroid of the 

section because this is the axis about which moments are computed in a conventional structural 

analysis.  The strength reduction factor is then applied to obtain the section capacity. 

  



Problem Statement: 

Investigate the following trapezoid section with opening, according to ACI 318-2011.  The section top 

and bottom widths are 16 and 20 inches respectively.  The section height is 24 inches.  The opening is 

4 x 12 inches rectangle.  The figure below shows the vertex coordinates of the section. 

Material properties:    
 = 6 ksi, fy = 60 ksi 

Reinforcement bars: 12 #11 (diameter = 1.41 in, area = 1.56 in
2
). 

Concrete cover to 1.5 inches, #4 tie (diameter  = 0.5 in) 

 

Find the section capacity (φPn and φMn) corresponding to 50% tension at the bottom steel bars.  

 

 
 

Solution: 

Step 1:  Calculate the neutral depth c at 50% tension.   

The concrete cover to the center of main bars = 1.5 + 0.5 + 1.41/2 = 2.705 in. 

The distance to row 5 bars from extreme compression surface d5 = 24 – 2.705 = 21.295 in. 

The tensile stress in row 5 bars = 0.5 * 60 = 30 ksi.   

The neutral depth c = 
 

            
 

      

                  
         in. 

 

Step 2:  Calculate the centroid of the net section. 

The whole section area Awhole  = 
     

 
        in

2 

Distance to the whole section centroid from base Ywhole  = 
       

         
              in

2 

The opening area Aopen  =         in
2 

Distance to the opening centroid from base Yopen = 12 in. 
 

Distance to the net section centroid from the section base  

Ynet  = 
                    

      
      in

2 

 

Step 3:  Calculate the intercepted section and opening properties at the depth a, where 

a = β1 * c = 0.75 *         = 11.8760 in. 



Intercepted trapezoid base x = 
               

  
             in 

 

 
 

Intercepted trapezoid area: Ai_whole = 
           

 
                  in2 

 

Distance to the centroid of the intercepted trapezoid from section top: 

 

  yi_whole =          
             

               
                in 

 

Intercepted opening area: Ai_open  = (11.8760 – 6) * 4 = 23.504 in
2 

 

Distance to the centroid of the intercepted opening from section top 

yi_open = 6 + (11.8760 – 6) / 2 = 8.938 in
 

 

Intercepted net area Ai_net = Ai_whole  - Ai_open  = 201.7693 – 23.504 = 178.2653 in
2 

 

Step 4:  Calculate concrete force (Cc) and moment (Mc) about the net section centroid (distance from 

the section base is Ynet = 11.5 in ). 

 Cc = 0.85 *    
  * Ai_net = 0.85 * 6 * 178.2653 = 909.15 kips 

 Mc_whole = 0.85 *    
  * Ai_whole * (12 - 6.0533 + 0.5)  

 = 0.85 * 6 * 201.7693 * (12 - 6.0533 + 0.5) = 6633.8 in-kips 

 Mc_opening = 0.85 *    
  * Ai_open * (12 - 8.938 + 0.5)   

   = 0.85 * 6 * 23.504 * (12 – 8.938  + 0.5) = 427.0 in-kips 

 Mc = Mc_whole - Mc_opening  = 6633.8 – 427.0 = 6206.8 in-kips 

 

Step 5:  Calculate steel bar forces and moments about the net section centroid (distance from the 

section base is Ynet = 11.5 in ).  For bars located in the compression zone (di < a where di is the distance 



from the extreme compression fiber to bar location), the bar compressive force is reduced by 

compressive force of the displaced concrete (see note below). 

 

Row di (in) Steel Strain 
Steel Stress 

(ksi) 

Steel Force 
Fsi * 

(kips) 

Distance to Net 
Section Centroid 

Δy =(12 – di + 0.5)  
(in) 

Moment 
= Fsi * Δy  
(in-kips) 

1 2.7050 0.002487518 60.000 256.932 9.7950 2516.649 

2 7.3525 0.001607015 46.603 129.491 5.1475 666.553 

3 12.000 0.000726512 21.069 65.735 0.5000 32.867 

4 16.6475 -0.000153991 -4.466 -13.933 -4.1475 57.788 

5 21.2950 -0.001034494 -30.000 -140.402 -8.7950 1234.831 

    

Total  
297.823 

 
 

Total  
4508.689 

 

 

Note *  

Fs1  = (60 - 0.85 * 6 ) * 3 * 1.56 =  256.932 kips 

Fs2  = (46.603 - 0.85 * 6 ) * 2 * 1.56 =  129.491 kips 

Fs3  = 21.069 * 2 * 1.56 =  65.735kips 

Fs4  = -4.466* 2 * 1.56 =  -13.933 kips 

Fs5  = -30 * 3 * 1.56 =  -140.402 kips 

 

Step 6: Calculate the section capacity. 

 Pn = 909.15 + 297.823 = 1206.97 kips;  φPn = 0.65 * 1206.97 = 784.5 kips  

 Mn = 6206.8 + 4508.689 = 10715.5 in-kips;  φMn = 0.65 * 10715.5 = 6965.1 in-kips  

 

Comments:  The manual computation above is verified exactly by the software tool called cColumn 

(see the following figure).  The control point P2 in P-Mux interaction diagram corresponds to 50% 

tension for bottom bars. 
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