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Mid-Term Examination, 2018
Session 2018- 19 (Odd Semester)

Subject: Strength of Materials Paper code: 021306
Course & Semester: B.Tech (379) Branch: ME

Solution

1. Drawing free body diagram.
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Ra is the reaction force at A. Let the rigid bar attains equilibrium at an angle 6 from the

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



oxx and txy are the normal and shear stresses acting on a plane inclined at an angle 0
measured counter clockwise from x plane.
Under equilibrium, ) Fx =0
oxx.1.dS — oxx.1.dy .cosO —oyy .t.dx .sin O — Txy.t.dy.sin 6 — Tyx .t.dx.cos0 = 0
Dividing above equation by t.ds and using dy/dx = cos0 and dx/ds = sin6,
Oxx = Oxx COS? 0 + Gyy SiN? O + 2 Tyx sin O cos O
Similarly, from Y Fy = 0 and simplifying,
Txy = (Gyy - Oxx) 8in O cos O + Txy (COS? 0 - sin? 0)

Using trigonometric relations and simplifying,

Oxxt+ O Oxx— O .
oxx = ——2 + Y 005 20 + 1y sin 20 ...(1
2 2 y

™y = - (@) sin 20 + 1xy cos 20 (2

Replacing 0 by 0 + 90° , in oxx expression of equation 1, we get the normal stress along
y' direction.

Oxxt+ O Oyxx— O- .
Oyy = ""2 ¥y xxz 22 c0s 20 - ¢y sin 20 ...(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,
Oxxt Oyy = 0Oxix) + Oyy,

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:
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Solution. Power to be transmitted = 75 kW

Speed, N =200 r.p.m.
Allowable shear stress, T=70 MN / m?
Tmu_\' = 13 T"IP[ZN
. . 2nNT
Using the relation: = —60 T we get
_2nx 200X T
~ 60 %1000
75x 60% 1000
T =(Tepn) = W =3581 Nm
Tou = 1-3 x 3581 =4655-3 Nm
Also T=1x Ly
’ 16 .

4655-3 = 70 x 10°x 136 x D

3 46553X16 _ 3305, 10

T 70x10°x ,
D = 0-0697 m or 69.7 mm (Ans.)

7.https://nptel.ac.in/courses/\Webcourse-contents/I 1 T-
ROORKEE/strength%200f%20materials/lects%20&%20picts/image/lect16/lecturel6.htm
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