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The following is a compilation of posts I have made in reply to queries on areforum.  Hope these notes 

help! 

Thermal stress = (Modulus of elasticity) * (coefficient of linear expansion) * (Change in temperature) 

Thermal Stain = (coefficient of linear expansion) * (Change in temperature) 

Columns 

General Ideas 

Columns fail in one of two ways, buckling and crushing.  Buckling is the failure mode for most columns. 

The slenderness of the column determines at what load the column will buckle.  Slenderness is 

represented by the formula k*L/r (see technical section for definitions ot the terms.) 

As the length of the column increases its slenderness ratio and its capacity is reduced. 

As length is decreased the column decreases its slenderness ratio and its capacity is increased. 

As r is reduced the column increases its slenderness ratio and its capacity is reduced. 

As r is increased the column decreases its slenderness ratio and its capacity is increased. 

For wide flange columns rx is greater than ry so ry is used to determine the capacity of the column.  The 

exception is moment frames.  In moment frames k(lx) uses a k value greater than 1.0.  Therefore k(lx)/rx 

may be greater than k(ly)/ry. 

Increasing a stud from 2x4 to 2x6 increases its area but not the ry so kl/r is the same and the only benefit 

is an increase in area.  Changing a stud from 2x4 to 3x4 increases the area AND ry.  ry increases by 66% 

resulting in a large decrease in kl/r and therefore the allowable stress Fa. 

Technical information 

k is the effective length factor.  Taken as 1.0 for columns that do not depend on their own bending 

stiffness for stability.  k is greater than one when the column is dependent on its own bending stiffness for 

stability. Kk values are dependent on the end restraints of the columns. 

L is the actual length of the column 

kL is the effective length of the column 

r is the radius of gyration of the column.  A column has an rx and an ry. For square members the value is 

the same.  For wide flange, channels, built up and similar manners rx is greater than ry. 

r = sqrt(I/A)  for rx use Ix in the formula and for ry use Iy 

For a rectangular member sqrt (I/A) reduces to sqrt (d/12). D equals dx or dy. 

Overturning and factor of safety 

The following was a message I sent regarding NCARB question 31 concerning safety factor. 

Think of it as a balancing act. In this example the balance point is at the lower right corner of the 

footing. Why? because it is the point about which the wall will pivot. Take a glass of water, place 

on a surface where it will not slide and push on the top until it pivots about a point. Hold it there 

and pour more water into the glass. What happens? The edge of the glass opposite the pivot point 

wants to move down. Keep adding water and eventually the edge of the glass will return to 

contact with the surface. 

Back to the problem. You pick a point where the lateral force will pivot AND the dead load will 

act in the opposite direction (one clockwise the other counterclockwise). If the two moments are 
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equal and opposite they balance perfectly. Since we don't live in a perfect world we want to be 

safe, have the moment due to the dead load (resisting moment) exceed the overturning moment. 

So we divide the resisting moment by the overturning moment to determine how safe the 

structure is, hence the term safety factor. If they are equal the answer is 1. If the answer is less 

than one the glass tips over and spills the water. If the answer is more than 1 the glass does not tip 

over. The bigger the answer the better. Codes dictate minimum safety factor. 1.5 for retaining 

walls and 1.67 for other cases. 

Beams 

Composite Beams 

Deflection is not more critical in composite construction for in-service loads. Just another item to check 

that the beam is stiff enough to meet the code live load deflection limit.  It is very critical for the 

construction process. The bare steel beam must support the weight of the wet concrete and will deflect 

due to the weight. There is a potential for ponding if the beam is not properly sized for the wet concrete. 

There have been cases of failure of composite systems under construction due to ponding.  Ponding: beam 

deflects and more concrete is added to make the top level and additional concrete causes more deflection 

and more concrete is added. There is either closure, the amount of concrete that must be added gets 

smaller and the contractor can finally level the slab OR the beam keeps deflecting until it fails.  GSame as 

for roof ponding due to rain water. 

Shear in Steel Beams 

Vn = 0.60*Fy*Aw 

For ASD Design 

Va is the shear determined by calculations (or diagrams), using service level load combinations 

Compare to Vn/Ω  where Ω=1.5 

For LRFD Design 

Vu is ultimate shear force in the member using diagrams and ultimate load combinations. 

Compare to ∅Vn; where ∅=1.0 

Concrete cover over reinforcement: 

Concrete cast against and permanently exposed to earth:  3” 

Concrete exposed to earth or weather: #6 thru # 18 bars 2” 

     #5 bar, W31 or D31 wire and smaller 1.5” 

Slabs, walls and joists: #14 and 18 bars 1.5" cover; #11 and smaller 3/4" cover. 

Beams and columns: Primary reinforcement, ties, stirrups and spirals 1.5" 

 


