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Unit IV Torsion, Buckling 



Torsion of  circular shafts: Introduction to torsion on a shaft with application, 

Basic torsion formulae and assumption in torsion theory, Torsion in stepped 

and composite shafts, Torque transmission on strength and rigidity basis, 

Torsional Resilience Torsion on Thin-Walled Tubes: Introduction of  Torsion on 

Thin-Walled Tubes Shaft and its application  

Buckling of  columns: Introduction to buckling of  column with its 

application, Different column conditions and critical, safe load determination by 

Euler's theory. Limitation of  Euler's theory  





Assumptions For Shear Stress in Circular Shaft Subjected to Torsion  





































































































Buckling of  columns: Introduction to buckling of  column with its 

application, Different column conditions and critical, safe load 

determination by Euler's theory. Limitation of  Euler's theory  





Axial Compression-Columns 
A column may fail by buckling rather than by compression 
 
 Slenderness ratio : (𝑆𝑟) 
• A short column will fail in compression.  
• An intermediate or a long column will fail by buckling when the applied 

axial load exceeds some critical value. 
• Compressive Stress can be well below the materials strength at the time of 

buckling. 
 
The factor that determines if a column is short or long is its Slenderness ratio. 
 

𝑆𝑟 =
𝑙

𝑘
____𝑘 = radius of gyration 

 

𝑘 =
𝐼

𝐴
  ____𝐼 = Smallest area moment of cross section inertia  about      

    neutral axis 



Short Columns: 
 Usually Slenderness ratio < 10 (Different for different 

material) 

 Fails in compression, hence materials yield strength in 
compression is used as the limiting factor for failure. 

Long Columns: 
Usually Slenderness ratio > 120 (Different for different 
material) 

A long column requires calculation of critical load 

 

Bending Moment , 𝑀 = 𝑃𝑦  ____(1) 

For small deflections of beam , 

𝑀

𝐸𝐼
=

𝑑2𝑦

𝑑𝑥2  ____(2) 

From (1) & (2), 

𝑑2𝑦

𝑑𝑥2 +
𝑃

𝐸𝐼
𝑦 = 0  ____(3) 
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Solution of differential equation (3) is, 

𝑦 = 𝐴𝑠𝑖𝑛
𝑃

𝐸𝐼
𝑥 + 𝐵𝑐𝑜𝑠

𝑃

𝐸𝐼
𝑥 

Boundary conditions for the column: 

At 𝑥 = 0, 𝑦 = 0     ;      𝑥 = 𝑙, 𝑦 = 0 

Substituting Boundary conditions , we get 

𝐵 = 0  and  𝐴𝑠𝑖𝑛
𝑃

𝐸𝐼
𝑙 = 0 

Since 𝐴 ≠ 0,   ∴ 𝑠𝑖𝑛
𝑃

𝐸𝐼
𝑙 = 0 

which gives,            
𝑃

𝐸𝐼
𝑙 = 𝑛𝜋 ;  𝑛 = 1,2,3, … . 

The first critical load will occur at 𝑛 = 1, 

∴ 𝑃𝑐𝑟 =
𝜋2𝐸𝐼

𝑙2  

Above formula is as Euler column formula. 



End Conditions for columns 
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Fixed-
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Fixed-
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Theoretical 
Value 

𝑙𝑒𝑓𝑓 = 𝑙 𝑙𝑒𝑓𝑓 = 𝑙 𝑙𝑒𝑓𝑓 = 2𝑙 𝑙𝑒𝑓𝑓 =
𝑙

2
 𝑙𝑒𝑓𝑓 =

𝑙

2
 

AISC*Recomm
ended 

𝑙𝑒𝑓𝑓 = 𝑙 𝑙𝑒𝑓𝑓 = 𝑙 𝑙𝑒𝑓𝑓 = 2.1𝑙 𝑙𝑒𝑓𝑓 = 0.80𝑙 𝑙𝑒𝑓𝑓 = 0.65𝑙 

Rounded-Rounded Pinned-Pinned Fixed-Free Fixed-Pinned Fixed-Fixed 

*The American Institute of Steel Construction  
















































