
3D-stress transformation 
 
Q1. The state of stress at a point P is given as 𝜎 with respect oxyz  

        𝜎 =  [
1 1 1
1 1 1
1 1 1

]  

       Find the stress matrix 𝜎′ with respect to new axis ox’y’z’ axes.  

       Step-1: Find the direction cosine along x’, y’ and z’ axes. 

                     

  x’ - axis y’ - axis z’ - axis 

l cos 𝜃 − sin 𝜃 0 

m sin 𝜃 cos 𝜃 0 

n 0 0 1 

 

           Let  𝜃 =  300   

cos 300 = 0.866    and  sin 300 = 0.5   

            New Stress matrix   

𝜎𝑥 𝜏𝑥𝑦 𝜏𝑥𝑧 

𝜏𝑦𝑥 𝜎𝑦 𝜏𝑦𝑧 

𝜏𝑧𝑥 𝜏𝑧𝑦 𝜎𝑧 

 

           For evaluating 𝜎𝑥, 𝜏𝑥𝑦  𝑎𝑛𝑑 𝜏𝑥𝑧 , evaluate traction vector on a plane whose normal vector is x’-axes. 

           {𝑇} =  [𝜎]{𝑥′}  

   =  [
1 1 1
1 1 1
1 1 1

] {
cos 300

sin 300

0

}  

  =  {
cos 300 + sin 300 
cos 300 + sin 300

cos 300 + sin 300

} 

 =   {
0.866 + 0.5 
0.866 + 0.5
0.866 + 0.5

} =  {
1.366
1.366
1.366

} 

           (1)  Normal stress 𝜎𝑥 =  {𝑇}𝑇 {𝑥′}    

                                              =   {1.366 1.366 1.366} {
cos 300

sin 300

0

} 

                                   = 1.366 × cos 300 + 1.366 × sin 300  

                                             = 1.87 

          (2)  Shear stress    𝜏𝑥𝑦 =  {𝑇}𝑇 {𝑦′}   

                                                  =  {1.366 1.366 1.366} {
−sin 300

cos 300

0

}  

                                   = 1.366 × − sin 300 + 1.366 × cos 300 
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                                  = 0.5 

         (3)  Shear stress    𝜏𝑥𝑧 =  {𝑇}𝑇 {𝑧′}   

                                                  =  {1.366 1.366 1.366} {
0
0
1

}  

                                   = 1.366 

                                  = 1.366 

 

For evaluating 𝜏𝑦𝑥, 𝜎𝑦 𝑎𝑛𝑑 𝜏𝑦𝑧 , evaluate traction vector on a plane whose normal vector is y’-axes. 

{𝑇} =  [𝜎]{𝑦′}  

   =  [
1 1 1
1 1 1
1 1 1

] {
−sin 300

cos 300

0

}  

  =  {
cos 300 − sin 300 
cos 300 − sin 300

cos 300 − sin 300

} 

 =   {
0.866 − 0.5 
0.866 − 0.5
0.866 − 0.5

} =  {
0.366
0.366
0.366

} 

 

(4) Normal stress 𝜎𝑦 =  {𝑇}𝑇 {𝑦′}    

                                              =   {0.366 0.366 0.366} {
−sin 300

cos 300

0

} 

                                   = 0.366 × −sin 300 + 0.366 × cos 300  

                                             = 0.134 

 

(5) Shear stress             𝜏𝑦𝑧 =  {𝑇}𝑇 {𝑧′}   

                                                  =  {0.366 0.366 0.366} {
0
0
1

}  

                                   = 0.366 

   𝜏𝑦𝑥 =  𝜏𝑥𝑦 = 0.5  

For evaluating 𝜏𝑧𝑥, 𝜏𝑧𝑦 𝑎𝑛𝑑 𝜎𝑧 , evaluate traction vector on a plane whose normal vector is z’-axes. 

{𝑇} =  [𝜎]{𝑦′}  

   =  [
1 1 1
1 1 1
1 1 1

] {
0
0
1

}  

  =  {
1 
1
1

} 

(6) Normal stress 𝜎𝑧 =  {𝑇}𝑇 {𝑧′}    



3D-stress transformation 
 

  = {1 1 1} {
0
0
1

} = 1 

           New Stress matrix   

1.87 0.5 1.366 

0.5 0.134 0.366 

1.366 0.366 1 

 


