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Slenderness Effects for Columns in Non-Sway Frame - Moment Magnification Method (CSA A23.3-19) 

Evaluate slenderness effect for columns in a non-sway frame multistory reinforced concrete building (Q is computed 

to be much less than 0.05) by designing a two-story high column in the middle of an atrium opening at the second-

floor level. The design forces obtained from a first-order analysis are provided in the design data section below. The 

story height is 4.3 m. it is assumed that the column only resists gravity loads. Compare the calculated results with 

exact values from spColumn engineering software program from StructurePoint. 

 

Figure 1 – Slender Reinforced Concrete Column Cross-Section 

 

Figure 2 – Slender Reinforced Concrete Column Elevation  

http://www.spcolumn.com/
http://www.structurepoint.org/
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Code 

Design of Concrete Structures (CSA A23.3-19) 

References 

• Concrete Design Handbook, Fourth Edition, 2016, Cement Association of Canada (CAC), Example 8.1. 

• spColumn Engineering Software Program Manual v10.10, STRUCTUREPOINT, 2023 

• “Slenderness Effects for Columns in Sway Frame - Moment Magnification Method (CSA A23.3-19)” Design 

Example, STRUCTUREPOINT, 2023 

Design Data 

Concrete fc’ = 40 MPa ρc = 2,400 kg/m3  

Steel  fy = 400 MPa   

Slab:  hs = 150 mm,  beff = 1800 mm 

Beams:  h = 500 mm,  bw = 400 mm,  l = 7 m 

Columns:  h = 500 mm,  b = 500 mm  

Additional service design forces obtained from first-order analysis will be considered in this example to outline 

and discuss the evolution of CSA A23.3 provisions in slenderness calculations for non-sway columns where the 

largest first-order moment, M2, is less than the minimum moment, M2,min: 

Table 1 – Additional column service load cases 

Load Case 
Axial Load,   

kN 

Bending Moment, kN-m 

Top Bottom 

Dead, D 1,776 48 -8 

Live, L 1,320 30 -5 

 

https://structurepoint.org/publication/manuals.asp
http://www.structurepoint.org/
https://structurepoint.org/publication/pdf/DE-Slenderness-Effects-for-Concrete-Columns-in-Sway-Frame-Moment-Magnification-Method-CSA-A23-3-19-spColumn-v1010.pdf
http://www.structurepoint.org/
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Figure 3 – Service Design Forces  
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1. Factored Axial Loads and Bending Moments 

1.1. Load Combinations – Factored Loads  

 CSA A23.3-19 (Annex C, Table C.1a) 

Table 2 - Column factored loads 

CSA A23.3-19  No. Load Combination 
Axial Load,  

kN 

Bending Moment, kN-m MTop,ns 

kN-m 

MBottom,ns 

kN-m Top Bottom 

Annex C 
Table C.1a 

1 1.4D 2,486 67.2 11.2 67.2 11.2 

2 1.25D + 1.5L 4,200 105.0 17.5 105.0 17.5 

 

2. Slenderness Effects and Sway or Non-sway Frame Designation 

Columns and stories in structures are considered as non-sway frames if the stability index for the story (Q) does not 

exceed 0.05. CSA A23.3-19 (10.14.4) 

The Q value is assumed much less than 0.05. Therefore, the frame is considered as a non-sway frame. 

 

3. Effective Length Factor (k) 
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9 9 40.35 7.698 10 2.694 10 mmbeamI =   =   CSA A.23.3-19 (10.14.1.2) 

 

Figure 4 – Beam Cross-Section 
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Using the following figure → k = 0.835 for the exterior column. 

 

Figure 5 – Effective Length Factor (k) (Non-Sway Frame)  
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4. Check if Slenderness can be Neglected 

CSA A23.3-19 allows to neglect the slenderness in a non-sway frame if: 
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 CSA A23.3-19 (Eq. 10.16) 
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 CSA A23.3-19 (Eq. 10.16) 

per CSA A23.3-19: 

• M1/M2 is not taken less than -0.5. 

• M1/M2 shall be taken positive if the member is bent in single curvature and 

• shall be taken as 1.0 if M2 is less than M2,min 

Check minimum moment: CSA A23.3-19 (10.15.3.1) 
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Since M2 < M2,min, M1/M2 ratio shall be taken as 1.0. CSA A23.3-19 (10.15.2) 
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 ∴ slenderness can’t be neglected. 
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5. Moment Magnification – Non-Sway Frame 
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 CSA A23.3-19 (10.15.3.1) 

There are two options for calculating the effective flexural stiffness of slender concrete columns (EI)eff. The first 

equation provides accurate representation of the reinforcement in the section and will be used in this example and 

is also used by the solver in spColumn. Further comparison of the available options is provided in “Effective 

Flexural Stiffness for Critical Buckling Load of Concrete Columns” technical note. 

5.1. Calculation of Critical Load (Pc) 
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http://www.spcolumn.com/
https://structurepoint.org/publication/pdf/TA-Effective-Flexural-Stiffness-for-Critical-Buckling-Load-of-Concrete-Columns-CSA-A23-3-spColumn-v1010.pdf
https://structurepoint.org/publication/pdf/TA-Effective-Flexural-Stiffness-for-Critical-Buckling-Load-of-Concrete-Columns-CSA-A23-3-spColumn-v1010.pdf
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5.2. Calculation of Magnified Moment (Mc) 
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CSA A23.3-04, clause 10.15.3.1 stated that “M2 in Equation 10.16 shall not be taken as less than (15 0.03 )fP h+

about each axis separately.” 
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minimum moment, (15 0.03 )fP h+ with members bent in single curvature only. This provision is revised entirely 
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Check minimum moment: CSA A23.3-19 (10.15.3.1) 
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The slenderness effects resulted in a 248% increase of the first-order moment. 
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6. Column Design 

Based on the factored axial loads and magnified moments considering slenderness effects, the capacity of the 

assumed column section (500 mm × 500 mm with 12 – 25M bars distributed all sides equal) will be checked and 

confirmed to finalize the design. A column interaction diagram will be generated using strain compatibility 

analysis, the detailed procedure to develop column interaction diagram can be found in “Interaction Diagram - 

Tied Reinforced Concrete Column (CSA A23.3-19)” example. 

 

Figure 6 – Designed Column Interaction Diagram 

  

https://structurepoint.org/publication/pdf/Interaction-Diagram-Tied-Reinforced-Concrete-Column-CSA-A23-3-19-v1010.pdf
https://structurepoint.org/publication/pdf/Interaction-Diagram-Tied-Reinforced-Concrete-Column-CSA-A23-3-19-v1010.pdf
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7. Column Design - spColumn Software 

spColumn is a StructurePoint software program that performs the analysis and design of reinforced concrete 

sections subjected to axial force combined with uniaxial or biaxial bending. Using the provisions of the Strength 

Design Method and Unified Design Provisions, slenderness considerations are used for moment magnification due 

to second order effect (P-Delta) for sway and non-sway frames. 

For this column section, investigation mode is used, service loads are defined, and slenderness effects are 

considered using CSA A23.3-19 provisions. 

 

Figure 7 – spColumn Interface 

http://www.spcolumn.com/
http://www.spcolumn.com/
http://www.spcolumn.com/
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Figure 8 – spColumn Model Editor 

http://www.spcolumn.com/
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Figure 9 – Defining Slenderness (spColumn) 

http://www.spcolumn.com/
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Figure 10 – Defining Columns Above / Below (spColumn) 

http://www.spcolumn.com/
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Figure 11 – Defining Beams in X - Direction (spColumn) 

http://www.spcolumn.com/
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Figure 12 – Defining Loads / Modes (spColumn) 

http://www.spcolumn.com/
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Figure 13 – Defining Load Combinations (spColumn) 

http://www.spcolumn.com/
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Figure 14 – Column Section Interaction Diagram about X-Axis (spColumn)  

http://www.spcolumn.com/
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8. Summary and Comparison of Design Results 

Analysis and design results from the hand calculations above are compared with the exact values obtained from 

spColumn model. 

Table 3 – Parameters for Moment Magnification of Column in Non-Sway Frame 

 k EI, N-mm2 Pf, kN Pc, kN 
Magnification 

Factor 
M2,min, kN-m Mc, kN-m 

Hand 0.835 6.05×1013 4,200.00 8,544.34 2.902 126.00 365.65 

spColumn  0.835 6.05×1013 4,200.00 8,545.02 2.902 126.00 365.59 

 

All the results of the hand calculations illustrated above are in precise agreement with the automated exact results 

obtained from the spColumn program. 

  

http://www.spcolumn.com/
http://www.spcolumn.com/
http://www.spcolumn.com/
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9. Conclusions & Observations 

The analysis of the reinforced concrete section performed by spColumn conforms to the provisions of the Strength 

Design Method and Unified Design Provisions with all conditions of strength satisfying the applicable conditions 

of equilibrium and strain compatibility and includes slenderness effects using moment magnification method for 

sway and nonsway frames. 

CSA A23.3 provides multiple options for calculating values of (EI)eff and magnification factor leading to variability 

in the determination of the adequacy of a column section. Engineers must exercise judgment in selecting suitable 

options to match their design condition. The spColumn program utilizes the exact methods whenever possible and 

allows user to override the calculated values with direct input based on their engineering judgment wherever it is 

permissible.  

In the case where the larger first-order moment (M2) is less than the minimum moment (M2,min) for a column in 

non-sway frame, significantly higher magnification is expected when using CSA A23.3-19 as compared to the 

prior editions of CSA A23.3. The first-order moment increased by 248% (compared to 93.5% increase when using 

CSA A23.3-14)* due to the adjustment on clause 10.15.3.1 in CSA A23.3-19 where Cm shall be taken as equal to 

1.0 when M2,min exceeds M2. [M2 = 105.00 kN-m, M2,min = 126.00 kN-m, Mc = 365.60 kN-m (CSA A23.3-19) and 

Mc = 243.80 kN-m (CSA A23.3-14)*] 

 

 
*  Detailed calculations are shown in “Slenderness Effects for Columns in Non-Sway Frame - Moment Magnification 

Method (CSA A23.3-14)” design example. 

http://www.spcolumn.com/
http://www.spcolumn.com/
https://structurepoint.org/publication/pdf/Slender-Concrete-Columns-Non-Sway-Frame-Moment-Magnification-CSA%20A23.3-14.pdf
https://structurepoint.org/publication/pdf/Slender-Concrete-Columns-Non-Sway-Frame-Moment-Magnification-CSA%20A23.3-14.pdf
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