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Normal and Shear Stresses on a Plane: 

1) Determine 𝜎𝑛 , 𝜏𝑛  by using Eqns: 

𝜎𝑛 =
𝜎𝑦 +𝜎𝑥

2
+

𝜎𝑦−𝜎𝑥

2
cos 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃 

𝜏𝑛 =
𝜎𝑦 − 𝜎𝑥

2
sin 2𝜃 − 𝜏𝑥𝑦 cos 2𝜃 

𝑖𝑓 𝜏𝑛 = 0, we get 

tan 2𝜃 =
2 tan 𝜃

1 −  tan 𝜃 2
=

2𝜏𝑥𝑦

𝜎𝑦 − 𝜎𝑥
 

 

 

 

 

 

 

Note: 

𝜎𝑛 = +𝑣𝑒 𝑖𝑓 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 

𝜏𝑛 = +𝑣𝑒 𝑖𝑓 𝑖𝑡 𝑟𝑜𝑡𝑎𝑡𝑒𝑠 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑐𝑐𝑤 
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2) Determine 𝜎𝑛 , 𝜏𝑛  by using  Mohr's circle: 
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5.10  

A soil element is shown in figure below for the following stresses conditions; 

determine the maximum and minimum principal stresses. Also determine the normal and 

shear stresses on plane AB. 

 𝜎𝑥 = 420 𝑘𝑁/𝑚2     

 𝜎𝑦 = 140 𝑘𝑁/𝑚2  

  𝜏 = 128 𝑘𝑁/𝑚2     

 𝜃 = 20° 

Sol. 

1) by using Eqns: 

Principal stresses: 

 

 

 

 

 

 

𝜎1 =
140+420

2
+   

140−420

2
 

2
+  −128 2 = 469.7𝑘𝑁/𝑚2   

𝜎3 =
140 + 420

2
−   

140 − 420

2
 

2

+  −128 2 = 90.3𝑘𝑁/𝑚2 

Stresses on plane AB: 

𝜎𝑛 =
𝜎𝑦 + 𝜎𝑥

2
+

𝜎𝑦 − 𝜎𝑥

2
cos 2𝜃 + 𝜏𝑥𝑦 sin 2𝜃 

𝜎𝑛 =
140 + 420

2
+

140 − 420

2
cos 2 × 20 +  −128 sin 2 × 20 = 90.47𝑘𝑁/𝑚2 

𝜏𝑛 =
𝜎𝑦 − 𝜎𝑥

2
sin 2𝜃 − 𝜏𝑥𝑦 cos 2𝜃 

𝜏𝑛 =
140 − 420

2
sin 2 × 20 −  −128 cos 2 × 20 = 8.06𝑘𝑁/𝑚2 
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2) by using  Mohr's circle: 

 

Radius=  
𝜎𝑦−𝜎𝑥

2
 

2
+ 𝜏𝑥𝑦

2 

 

R=  
140−420

2
 

2
+  −128 2 = 189.7 

 

𝑂𝑂′     =
𝜎𝑦 + 𝜎𝑥

2
=

140 + 420

2
= 280 

 

(The Mohr's Circle is plotted on the next page) 
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