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Column Design – Centric & Eccentric Loading 
 

Loading Location 
 
Centric loading:   The load is applied at the centroid of the cross section.  The limiting 

allowable stress is determined from strength (P/A) or buckling. 
 
Eccentric loading: The load is offset from the centroid of the cross section because of how the 

beam load comes into the column.  This offset introduces bending along 
with axial stress.  (This can also happen with continuous beams across a 
column or wind loading.)  

 
 
Eccentric Loading 
 
The eccentricity causes bending stresses by a moment of value P x e.  Within the elastic range 
(linear stresses) we can superposition or add up the normal and bending stresses: 
 
 

 
The resulting stress distribution is still linear. And the n.a. moves (if there is one). 
 

af bf xf

I
My

A
Pfff bax +=+=

af bf xf



ENDS 231 Note Set 21 Su2005abn 

 2 

The value of e (or location of P) that causes the stress at an edge to become 
zero is at the edge of the   .  As long as P stays within the 
kern, there will not be any tension stress. 
 
If there is bending in two directions ( bending), there 
will be one more bending stress added to the total: 
 
 
With P, M1, and M2: 

 
Eccentric Loading Design 
 
Because there are combined stresses, we can’t just compare the axial stress to a limit axial stress 
or a bending stress to a limit bending stress.  We use a limit called the    
diagram.  The diagram can be simplified as a straight line from 
the ratio of axial stress to allowable stress= 1 (no bending) to the 
ratio of bending stress to allowable stress = 1 (no axial load). 
 
The interaction diagram can be more sophisticated (represented 
by a curve instead of a straight line).  These type of diagrams 
take the effect of the bending moment increasing because the 
beam deflects.  This is called the   effect. 
 
 
Limit Criteria Methods 
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  interaction formula (bending in one direction) 
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  interaction formula (biaxial bending) 
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  interaction formula (P-Δ effect) 
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Steel - ASD:  

The modification factors are included in the form: 0.1
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 where: 
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−1  = magnification factor accounting for P-Δ 
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=′  = allowable buckling stress 

  Cm = modification factor accounting for end conditions,  
= 0.6 – 0.4 (M1/M2) where M1 and M2 are the end moments and M1<M2. 
M1/M2 is positive when the member is bent in reverse curvature, negative 
when bent in single curvature 
= 0.85, members in frames subject to joint translation (sidesway) 

 
 
Wood: - NDS: 

The modification factors are included in the form: 01
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  bxF ′  = allowable bending stress 
 
 
Steel – LRFD: 
 
The modification factors are included in the form for two conditions. 
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 where: 
  cφ  = 0.85 for compression 
  bφ  = 0.90 for flexure 
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Column Design Methodology 
 
In order to design an adequate section for allowable stress, we have to start somewhere: 
 

1. Make assumptions about the limiting stress from: 
 - buckling 
 - axial stress 
 - combined stress 

2. See if we can find values for r or A or S (=I/cmax) 
3. Pick a trial section based on if we think r or A is going to govern the section size. 
4. Analyze the stresses and compare to allowable using the allowable stress method or 

interaction formula for eccentric columns. 
5. Did the section pass the stress test?   

 - If not, do you increase r or A or S? 
 - If so, is the difference really big so that you could decrease r or A or S to make it 

more efficient (economical)? 
6. Change the section choice and go back to step 4.   Repeat until the section meets the 

stress criteria. 
 
 
Example 1 
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Example 2 

 
A = 8.25 in2

Sx
* = 7.56 in3 

0.36 

= 2376(0.36) = 855 psi 

855
809 0.399


