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Solution 

 

1. Drawing free body diagram. 

 

RA is the reaction force at A. Let the rigid bar attains equilibrium at an angle θ from the 

horizontal position. 

 

Δl2 = change in length of steel wire carrying tension T2 

Δl1 = change in length of steel wire carrying tension T1 

Δl = 
𝑃𝐿

𝐴𝐸
 

⸫ Δl2 = 
𝑇2𝐿

𝐴𝐸
, Δl1 = 

𝑇1𝐿

𝐴𝐸
 

⸫ tan θ = 
Δl2

𝑏
 = 

Δl1

𝑎
  or Δl2 = 

𝑏

𝑎
 Δl1 

or 
𝑇2𝐿

𝐴𝐸
 = 

𝑏

𝑎
 x 

𝑇1𝐿

𝐴𝐸
 or T2 = 

𝑏

𝑎
 T1 

At equilibrium summation of all moments about point A will be zero. 

 ⸫ ΣMA = T2b + T1a – Pl = 0 

⸫ T2b + T1a = Pl 



(
𝑏

𝑎
 T1) b + T1a = Pl 

𝑇1𝑏2

𝑎
 + T1a = Pl 

T1b
2
 + T1a

2 = Pal 

 T1 = 
𝑷𝒂𝒍

𝒂𝟐+ 𝒃𝟐 

Therefore, T2 = 
𝑏

𝑎
 T1 

 T2 = 
𝑷𝒃𝒍

𝒂𝟐+ 𝒃𝟐 

 

2.  
𝜏𝑚𝑎𝑥

𝜎1
 = 1 

 

 

3. Though the state of stress at a point in a stressed body remains the same, the normal and 

shear stress components vary as the orientation of plane through that point changes. 

Under complex loading, a structural member may experience larger stresses on inclined 

planes then on the cross section. 

The knowledge of maximum normal and shear stresses and their plane's orientation 

assumes significance from failure point of view. Hence, it is important to know how to 

transform the stress components from one set of coordinate axes to another set of co-

ordinates axes that will contain the stresses of interest. 

 

Consider a prismatic element with sides dx, dy and ds with their face perpendicular to y, 

x and x' axes respectively. Thickness of the element is t. 



σx'x' and τx'y' are the normal and shear stresses acting on a plane inclined at an angle θ 

measured counter clockwise from x plane. 

Under equilibrium, ∑Fx' = 0 

σx'x'.t.ds – σxx.t.dy .cosθ −σyy .t.dx .sin θ – τxy.t.dy.sin θ – τyx .t.dx.cosθ = 0 

Dividing above equation by t.ds and using dy/dx = cosθ and dx/ds = sinθ, 

σx'x' = σxx cos2 θ + σyy sin2 θ + 2 τyx sin θ cos θ 

Similarly, from ∑Fy' = 0 and simplifying, 

τx'y' = (σyy - σxx) sin θ cos θ + τxy (cos2 θ - sin2 θ) 

Using trigonometric relations and simplifying, 

σx'x' = 
𝜎𝑥𝑥+ 𝜎𝑦𝑦

2
 + 

𝜎𝑥𝑥− 𝜎𝑦𝑦

2
 cos 2θ + τxy sin 2θ …(1 

τx'y' =  - (
𝜎𝑥𝑥− 𝜎𝑦𝑦

2
) sin 2θ + τxy cos 2θ  …(2 

Replacing θ by θ + 900 , in σx'x' expression of equation 1, we get the normal stress along 

y' direction. 

σy'y' = 
𝜎𝑥𝑥+ 𝜎𝑦𝑦

2
 - 

𝜎𝑥𝑥− 𝜎𝑦𝑦

2
 cos 2θ - τxy sin 2θ …(3 

Equations 1 and 2 are the transformation equations for plane stress using which the stress 

components on any plane passing through the point can be determined. Notice here that, 

𝝈𝒙𝒙 +  𝝈𝒚𝒚 = 𝝈𝒙′𝒙′ +  𝝈𝒚′𝒚′ 

Invariably, the sum of the normal stresses on any two mutually perpendicular planes at a 

point has the same value. This sum is a function of the stress at that point and not on the 

orientation of axes. 

 

4. See the class notebook. 

 

5. Generalized Hook’s law: 

 

 

 

 

 

 













 



6.  

 

7.https://nptel.ac.in/courses/Webcourse-contents/IIT-

ROORKEE/strength%20of%20materials/lects%20&%20picts/image/lect16/lecture16.htm 
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