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Part A
Answer all the questions (5x2=10)
1. Define Strain. (Out comes — a; Learning skill - remembering)
2. Define Poisson’s ratio. (Out comes — a; Learning skill - remembering)
3. Define Bulk Modulus. (Out comes — a; Learning skill- remembering, understanding)
4. Define bending moment at a section of the beam.
(Out comes — a; Learning skill- remembering)
5. What is meant by shear force? (Out comes — a; Learning skill- remembering)
PART - B (1x8+2x16=40)
6. (a) Mohr’s circle when a body is subjected to two mutually Perpendicular Principal Tensile Stresses

of unequal Intensities.
(Out comes — a,b; Learning skill- understanding, applying)
Or
(b) Mohr’s circle when a body is subjected to two mutually Perpendicular Principal Tensile Stresses
Accompanied by a simple Shear Stress.
(Out comes — a; Learning skill- remembering)

(a) A steel rod of 20 mm diameter passes centrally through a copper tube of 50 mm external diameter
and 40 mm internal diameter. The tube is closed at each by rigid plates of negligible thickness. The
nuts are tightened lightly home on the projecting parts of the rod. If the temperature of the assembly
is raised by 50°C, calculate the stresses developed in copper and steel. Take E for steel and copper as
200 GN/m? and 100 GN/m?and o for steel and copper as 12 x 10 per °C and 18 x 10 per °C.

(Out comes — a,b; Learning skill- understanding, applying)
Or

(b) A steel rod 5m long and 30 mm in diameter is subjected to an axial tensile load of 50kN.

Determine the change in length, diameter and volume of the rod. Take E = 2 x 10° N/mm? and

Poisson’s ratio = 0.25.

(Out comes — a,b; Learning skill- understanding, applying)



8. (a) Draw the shear force and B.M. diagrams for a simply supported beam of length 9 m and
carrying a uniformly distributed load of 10kN/m for a distance of 6 m from the left end. Also
calculate the maximum B.M. on the location.

(Out comes — a,b; Learning skill- understanding ,applying)

Or
8 (b) Draw the shear force and B.M. diagrams for a simply supported beam of length 8 m and

carrying a uniformly distributed load of 10kN/m for a distance of 4 m as shown in fig.

10 kN/m
A {:L\/\/B{“é\/_\/\/'\n B
1m 4m pe—3m 2l
Hg, 8 m > HB
25 kN 15 kN

(Out comes — a,b; Learning skill- understanding ,applying)



Answers

1. Strain

Strain is defined as "deformation of a solid due to stress" and can be expressed as

€= dl/ lo
=o/E 3)
where

dl = change of length (m, in)
lo = initial length (m, in)

€ = unit less measure of engineering strain

2. Poisson’s ratio is the ratio of transverse contraction strain to longitudinal extension strain in the
direction of stretching force. Tensile deformation is considered positive and compressive
deformation is considered negative. The definition of Poisson's ratio contains a minus sign so that
normal materials have a positive ratio. Poisson’'s ratio, also called Poisson ratio or the Poisson
coefficient, or coefficient de Poisson, is usually represented as a lower case Greek nu, n.

3. Bulk Modulus Elasticity can be expressed as
E=-dp/(dV/V) (1)
where
E = bulk modulus elasticity
dp = differential change in pressure on the object
dV = differential change in volume of the object
V = initial volume of the object

4. Bending moments are produced by transverse loads applied to beams. The simplest case is the
cantilever beam , widely encountered in balconies, aircraft wings, diving boards etc.

tance from that section. It thus has units of N m. It is balanced by the internal moment arising from the

5. Shearing forces are unaligned forces pushing one part of a body in one direction, and another part of
the body in the opposite direction. When the forces are aligned into each other, they are called
3
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compression forces. An example is a deck of cards being pushed one way on the top, and the other at
the bottom, causing the cards to slide.

6. a) MOHR’S CIRCLE

Mohr's Circle when a Body is Subjected to two Mutually Perpendicular
Prinecipal Tensile Siresses of Unequal Intensities. Consider a rectangular body subjected
to two mutually perpendicular principal tensile stresses of unequal intensities. It is required
to find the resultant stress on an oblique plane.
Let o, = Major tensile stress .
a, = Minor tensile stress, and
8 = Angle made by the obligue plane with the axis of minor tensile stress.
Mohr's circle is drawn as : (See Fig. 3.22).
Take any point A and draw a horizontal
line through A. Take AB = o, and AC =0, towards
right from A to some suitable scale. With BC as
diameter describe a circle. Let O is the centre of
the circle, Now through O, draw a line OF B
marking an angle 26 with OB. :_ _________ A ER ° v /
From E, draw ED perpendicular on AB. 4 g, >
Join AE. Then the normal and tangential stresses \_//
on the oblique plane are given by AD and ED
respectively. The resultant stress on the oblique Fig. 3.99
plane is given by AE. &
From Fig. 3.22, we have
Length AD = Normal stress on oblique plane
Length ED = Tangential stress on oblique plane

Length AE = Resultant stress on oblique plane.

a, -0
Radius of Mohr’s circle = %

Angle & = obliquity.
Proof. (See Fig. 3.22)

Jy — CTa
2

C0 = OB = OF = Radius of Mohr's circle =

0y —a .
=%51]‘1%

= g, or Tangential stress.

6b) Mohr’s circle
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Mohr's Circle when a Body is Sub-
jected to two Mutually Perpendicular Principal s ":f i a
Tensile Stresses Accompanied by a Simple Shear T T T T
o [

Stress. Consider a reetangular body subjected to two

mutually perpendicnlar prineipal tensile stresses of * Dblique *
unequal intensities accompanied by a simple shear i planm U .o
stresa, It is required to find the resultant stresson an ' 4 .
obligue plane as shown in Fig. 3.26. - *

“Let o, = Major tensile stress A l |
@, = Minor tensile stress
T = Shear stresz across face BC and AD .
0 = Angle made by the oblique plane with Fig. 8.26
the plane of major tensile stress, .

Aecording to the principal of shear stress, the faces AR and CI will also be subjected to
a shear stress of .

Mohr's cirele iz drawn as given in Fig. 3.27.

Take any point A and draw a horizontal line through A.

Take AB = g, and AC = o, towards
right of A to some suitable seale. Draw per-
pendiculars at B and C and eut off BF and
(7 equal to shoar stress T to the same seals.
Bisect BC at O, Now with O as centre and
radius equal to (0F or OF draw a circle.
Through O, draw a line OF malking an an-
gle of 20 with OF as shown in Fig. 3.27.
From E, draw ED perpendicular to CB,
Join AE. Then length AE represents the
resultant stress om the given obligue plane.
And lengths AD and ED represents the
n_umml stress and tangential stress respec-
tively. Fig. 3.27

Henes from Fig. 3.27, we have

Length AE = Resultant stress on the obligue plane

Length AID = Normal stress on the oblique plane

Length EIY = Shear stress on the oblique plane.

Proof, (Ses Fig, 3.27).
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3y + 45
= 275 L OF eos (20— a) i 0D = 0F cos (26 - )

= X% L OF (cos 26 cos « + sin 20 sin af
—% + OF cos 20 cos « + OF zin 20 sin a
n-?—l-%+05m5u.m52$+ﬂ.ﬁsinu.sin2ﬂ
=ﬂl-;3 + OF cos o, cos 28 + OF sin « . 2in 28

{r OF = OF = Radius)

o +
=5 + OF cos 28 + BF sin 26

2
[ DFWEF&=’DB,0FSH1U=BH
oy +dy ,

=g + (i eos 28 + © sin 20 (~ OB=C0, BF=x)
=019 %179 s 284+ 1sin 26 [ co-21-%)

2 2 2 )
=, or Normal stress

ED = OF zin (20 — o) = OF (sin 20 cos o — cos 26 sin o)

= (ME sin 20 cos o — OF cos 20 8in o
=0F cos a . sin 28 — OF sin a . cos 28
= (¥ cos o . 5in 28 — OF sin o . cos 26 { OF = OF = Radius)
=3 . sin 26 - AF cos 26 (= OF cos o= OB, OF zin a = BF)
= {7 . sin 20 — t cos 26 (-~ OB =0C0, BF=x)
= SimC ;* sin 26 — T cos 20 ( CG-—%"‘;" ]

= g, or Tangential stress,

7. a)
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Nol Given :
Dia. of steel rod = 20 mm

-~ Area of steel rod, A, = 7 x 20° = 100% mm?

Area of copper tube, A‘=;(50’-40’)mm’-225lmm’
Rise of temperature, T = 50°C

E for stecl, E, =200 GN/m*
= 200 x 10? N/m* (. G=10%
= 200 x 10? x 10° N/m?
= 200 x 10* N/mm? (+ 10° N/m* = 1 N/mm*)
E for copper, E_ = 100 GN/m* = 100 x 10" N/m*
= 100 x 10* x 10% N/m? = 100 x 10° N/mm?
« for steel, a, =12 x 10 per °C
« for copper, a, =18 x 104 per *C.

As « for copper is more than that of steel, hence the free expansion of copper will be
imore than that of steel when there is a rise in temperature. But the ends of the rod and the
'tube is fixed to the rigid plates and the nuts are tightened on the projected parts of the rod.
lﬂencothemo members are not free to expand. Heoeolhewhonndthemdwillexpandbytho
|same amount. The free expansion of the copper tube will be more than the common expansion,
'wbereu the free expansion of the steel rod will be less than the common expansion. Hence
1the copper tube will be subjected to compressive stross and the steel rod will be subjected to
|tensile stress.
Let o, = Tensile stress in steel
o, = Compressive stress in copper.
For the equilibrium of the system,
Tensile load on steel = Compressive load on copper
g,.A, =04

g

]

a

"
e

Ll

a

oo * 0 = 2350, i)

We know that the copper tube and steel rod will actually expand by the same amount,
& Actual expansion of steel = Actual expansion of copper LD
But actual expansion of steel

= Free expansion of steel + Expansion due to tensile stress in steel
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= Free expansion of copper — Contraction due to compressive stress in copper

or

=o .T.L- A
o, E, L
Substituting these values in equation (i1), we get
o.T.L+ Se Lsa .T.L- 2" .L
oy T# % =0,.T Se
: E, E.
12 x 106 x 50 + —22% _ _ 18 x 10-6 x 50 - ——*—
200 x 10* 100 x 10°

2250, o,
+
200x 10° 100 x 10°
1.125x 10% 0, + 1096, =6 x 10° x 50
2.125 x 10 6_= 30 x 10°°
2.1256, = 30

30

——— =14.117 N/mm?,

C. =
¢ 2125
Substituting this value in equation (i), we get

o, =14.117 x 2.25

= 31.76 N/mm?, Ans.

=18 x 10% x 50 — 12 x 107% x 50

Ans.

Sol. Given :

Length, [ =5m=5x10° mm
Diameter, d = 30 mm
n 1 - -
Volume, V = ;fo:zliRmﬁxﬁxlﬂ =35.343 x 10
Tensile load, P = 50 kN =50 x 107
Value of E = 2 % 10° N/mm?®
Poisson's ratio, n =025
Let #d = Change in diameter
51, = Change in length
3V = Change in volume
Stress
Now strain of length = %
_Load 1
" Area E
P 1 50x10° 1
= . ——_— —m E
i w dz E T4_EK Bﬂd 2 # 10




0.4 x 50 x 10°
nx‘fwé x2x 105
oL
L

= 0.0003536

But  strain of length =

ol
—{ = 0.0003536

= 0.0003536 x 5 x 10?
L768 mm. A
_ Lateral strain

Longitudinal strain
Poisson’s ratio x Longitudinal strain

&~

Now Poisson’s ratio

Lateral strain

= 0.25 x 0.0003536 + Longitudinal strain = O |
= 0.0000884
But Lateral strain = %

% = 0.0000884

dd = 0.0000884 x d
= 0.0000884 x 30 = 0.002652 mm
Now using equation (2.8), we get

. g 8V SL 25d
Volumetric strain, v T - ~
= 0.0003536 - 2 x 0.0000884 = 0.0001768
8V =V x0.0001768
= 35.343 x 10° x 0.0001768
= 624.86 mm?®. A,

8a)



Sol. First calculate reactions R, and R,

10 kN/m
C
Af 2
o +
(@) t 6m b
Ra < 9m Ry
40 kN 20 kN
T Base line |
40
(h) _+_
¥
A ..7_20
| Paraboalic
Parabolic Straight
line
(c)
B.M. diagram Base line
F 18 [ R 2“*

Taking moments of the forces about A, we get
RBx9=10x6x—g-=180

Rl,:%:zom

R, = Total load on beam — R, = 10 x 6 — 20 = 40 kN.
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= any section at a distance x from A between A and C. The shear force at the
i by,

F=+R,-10x=+40-10x D)
o (1) shows that shear force varies by a straight line law between A and C.
=0 hence F,=+40-0=40kN

= =6 m hence F.=+40-10x 6 =-20 kN
: force at A is + 40 kN and at C is - 20 kN. Also shear force between A and C
ight line. This means that somewhere between A and C, the shear force is zero.

P &= zero at x metre from A. Then substituting the value of S.F. (i.e., F }equal to zero
). we get

0=40-10x

Xx=—=4m
10

2= shear force is zero at a distance 4 m from A.
#hear force is constant between C and B. This equal to — 20 kN.

e shear force diagram is drawn as shown in Fig. 6.28 (5). In the shear force diagram,
7 =4 m. The point D is at a distance 4 m from A.

BM. at any section between A and C at a distance x from A is given by,
M,=RAxx—IO.x.%=4Ox Bx? i)
tion (i1) shows that B.M. varies according to parabolic law between A and €,
x =0 hence M,=40x0-5x0=0
Cx=6mhence M, =40x6-5x62=240- 180 = + 60 kNm
D, x = 4 m hence M,=40x4-5x%x4%=160~80 = + 80 kNm
The bending moment between C and B varies according to linear law,
at B is zero whereas at C is 60 kNm.
bending moment diagram is drawn as shown in Fig. 6.28 (c).

Bending Moment

B.M. is maximum at a point where shear force changes sign. This means that the
ere shear force becomes zero from positive value to the negative or vice-versa, the B.M.
point will be maximum. From the shear force diagram, we know that at point D, the
Sarce is zero after changing its sign. Hence B.M. is maximum at point D. But the B.M. at

S0 kKNm.

Max. BM. =+ 80 KkN. Ans.

11



B.M. diagram

Fig. 6.29

Ry =l§2=15kN

R, =Totalload onbeam - R,
=10x4-15=25kN

Shear Force Diagram

The shear force at A iz + 25 kN. The shear force remains constant between A and €
equal to + 25 kN. The shear force at B is — 15 kN. The shear force remains constant b
B and D and equal to — 15 kN. The shear force at any section between C and D at a dist:
from A is given by,

F =+25-10(x-1)

At C, x = 1 hence F,=+25-10(1-1)=+25kN

At D, x = 5 hence Fpo=+256-10(5-1)=~15kN

The shear force at C is + 25 kN and at D is — 15 kN. Also shear force between C
varies by a straight line law. This means that somewhere between C and D, the shear fi
zero. Let the S.F. be zero at x metre from A. Then substituting the value of S.F. (i.e,, F,
to zero in equation (i), we get

0=25-10(x—-1)

ar 0=25-10x+10 or 10x=35

35
X—EI3.5m

Hence the zhear force is zero at a distance 3.5 m from A.
Hence the distance AE = 3.5 m in the shear force diagram shown in Fig. 6.29 (b).
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= zero

& = also zero

C=R, x1=25x%x1=25kNm

&t any section between C and D at a distance x from A is given by,

M =R, x-10(x-1). (x;1)=25xx—5(x—1)2 i)

=1 hence M.=25x1-5(1-1)2=25kNm
5 hence M, =25x5-5(5-1)2=125-80 = 45 kNm
2.5 hence ME =26x35-5(85-1)2=875— 31.25 = 56.25 kNm

mcrease from 0 at A to 25 kNm at C by a straight line law. Between C and D the
meding to parabolic law as is clear from equation (zi). Between C and D, the B.M.
2 at E. From D to B the B.M. will decrease from 45 kNm at D to zero at B
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