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TORSION                                     

 

TORSION OF PRISMATIC STRIAGHT BARS 

Consider a prismatic bar subjected to twisting action,  

 

 

 

 

 

 

 

Let, 

T = Mt =torque 

u = displacement in the x direction 

v = displacement in the y direction 

w = displacement in the z direction 

ψ( x,y) = the warping function 

 θ  = rotation I unit length 

x, y, z = Cartesian co-ordinates 

Consider any point in the section, which, owing to the application of T, 

will rotate and warp, as shown in Figure : 

u = -yzθ 

v = xzθ 

due to rotation, and  w = θ.ψ( x,y)  = θψ 

due to warping. The theory assumes that,  εx=εy=εz=γxy=0 

therefore the only shearing strains that exist are γxz, γyz which are defined 

as follows: 

γxz = shear strain in the x-z plane =
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γzy = shear strain in the y-z plane  
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The corresponding components of stress,   
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We find that function   must satisfy the equation: 

The  equilibrium equations  in the case of torsion are: 

 

 

 

 

For the lateral surface of the bar, which is free from external forces and 

has normal perpendicular to the z-axis, we have        

 ̅   ̅   ̅ =0, and cosNz =n= 0.  

 

    

  
 
    

  
   

 

                                   B.C:  τxz l+ τyzm=0  

                                  Where:  l=cosNx=dy/dx and m=cosNy=-dx/ds 

 

At the end of the twisted bar. The normal to the end cross-sections are 

parallel to the end. Then l=m=0, n=±1.  
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Let  

  

 

 

 

Integrating this by parts, and observing that ϕ=0 at the boundary, we find 

 

 

TORSION OF ELLIPTIC CROSS SECTION 

Let the B.C. of the cross-section be given by 

the equation: 

 

 

To satisfy the B.C. and                                   the stress function taking as: 
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The stress component are: 

                                  = 
  

  
 

 

  

 

 

 

To determine where the maximum shear stress occurs, substitute for x
2
 

from: 

 

 

 

Since all terms under the radical (power 1/2) are positive, the maximum 

shear stress occurs when y is maximum, i.e., when y = b. Thus, maximum 

shear stress τmax occurs at the ends of the minor axis and its value is 

 

99 

 

 

For a = b, this formula coincides with the 

well-known formula for circular cross-

section. Knowing the warping function, the 

displacement w can be easily determined. 

 

 

Where: θ =  
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The contour lines giving w = constant are the hyperbolas shown in the 

Figure having  the principal axes of the ellipse as asymptote. 

 

 

EQUILATERAL TRIANGULAR SECTION (H.W.) 

 

 

(b) Determine  the related stress and the 

maximum shear stress τmax and its position by 

plot 

 

 

 

 


