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ANSWER KEY > Strength of Materials
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DETAILED EXPLANATIONS

1. (c)

P, = Buckling load
I ., = Moment of inertia about centroidal axis

I, = Effective length (Least for fixed at both ends)

2. (b)
Area of bending moment diagram

Change in slope (A)

El
_ ) Moment of area of bending moment diagram
Change in deflection(Ay) = I
3. (a)
Circumferential strain = =% (2~p)
ircumferential strain = 4 4iE u
Pd?
o = —(2-
g 27w
4. (b)
Due to tensile stress, longitudinal strain will be tensile but the lateral strain will be compressive
5. (b)
6. (a)
For the uniaxial tensile loading, minor principal stress will be zero.
7. (b)
Given: A = 100 mm?
P = 1kN
L = 100 mm
E = 1x10° N/mm? l
1kN
Serai op - 1 PL_1 1x10°x10°x100
rain energy, SE. = oX—=2 100%10°
= 5 Nmm
8. (c)
Deflection of a simply supported beam is proportional to,
5
O o« ——
El
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Increasing /, decreasing L or P will reduce deflection.

9. (c)
A ductile material fails through a cup and cone type of failure.
10. ()
M
A ¢ B
I ! I
+ M
El
—_— M 2
0--6, = Area of I diagram
oo - WM LM
A El 2 2EI
o L M
A 2EI
0, = E] (Anticlockwise)
M 20, =26
El AT
11. (b)
6,=5
[N 6,.=95
__;2
Gy Gy
O1
G2
c,+0, = 0, +0,
5+5 =10+o0,
o, =0
c,+0 6, -0, }
_ Ox 0, 2 0y 2
Now, Gp,, = > ( ) ] Ty
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12.

13.

14.

15.

5+5 (5—5)2 )
6, = —+,|— | +7

1 2 2 xy
10 = 5+ Ty
T, = T= 5.0 MPa
(c)
Smallest normal stress:
E
0, = 1_“2 (62 +M€1)
5
= %(—0.00014 +0.25x0.0006)
= 3.2 MPa
(@)
1 ol
—xXPx8] = = —
5 [ = 50 € ;
1
or —Pxexl = 50
2
[ = m =10
or el = 0 " m

(b)
M =80x-64(x-1)Vxe(1,4)
At centre x =4m
M = (80 x 4) - 64(3) = 128 kNm
(a)
Given, o, 100 MPa, o,
5 = 25 MPa, S

For maximum shear strain energy theory,

50 MPa,
220 MPa,

Q
Il

yt

s 2
yt
(01 - 05)* + (0, - 05)* + (05 - 0y)° < 2[ N J

220 Y
(100 - 50)? + (50 - 25)? + (25 - 100)% = 2 N
After solving,

Factor of safety, N = 3.326 ~ 3.33

[Where, N = factor of safety]
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16. (b)
Horizontal load at | produces a couple of 6 kNm (anticlockwise) and a thrust of 6 kN at A (=),
load of 6 kN at H produces 6 kNm couple (anticlockwise) and a thrust of 6 kN at A («). Therefore,
net thrust at A becomes zero.

6 kKNm 6 kKNm S KN
) ALY lE
T o/ =
RA ’ID
2 M e 2 M|
For support reactions, take moments about A,
M, =0
= 6+6+5R,-5%x6 =0
R, = 3.6 kN
= R, = 5-36=14kN
Bending moment diagram:
M, = 0KkNm
Mg = R, x2=14x2=28kNm
Mg = 28 -6=-32KkNm
M. =14x%x4-6=-04KkNm
Mi = -04 -6 =-6.4 kNm
Mp =14x5-6-6=-5kNm
M; = 0 kNm
2.8 kNm
A T s C D E
B 0.4 kNm
3.2 kNm 5 KNm

6.4 KNm

17.  (¢)
For avoiding tensile stress on the beam cross section.
for taking section AB,

O <
= Ot ¥ [Gb, max]y—y <0
[(Gb)max]y—y < a
My
Zyy A
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18.  (¢)

P

where vy is load density

(Gaxial )x—x

(Gaxial )x—x

_y)(x

Axial stress diagram is triangle and independent of area.

19. (a)

AV

Change in volume, AV

[ MADE ERSH
1Y
x A X
B B B
h 5 ;
| — b 1
Y
p
bd
b
< —
6
A A Pa=W
P=yAl=W
TR '
x|
B

Axial stress diagram

100

E 100

3(1-2u) 3(1-2x02) 3
P 250x10°

0 =0 =——=""-

v U7 A 40x40x107°

£=o><V

e, (AV)

156.25% (40

55.555% 10>

180 mm?®

<06 = 55.555 GPa

=156.25 MPa
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20. (b)
Value of deflection is under uniformly distributed load for cantilever beam.

. X
(Bending moment), ,, M, = —(wxx )(Ej

Lw?ytdy  w? 10 W23
=£2EI g 8EI  S8El .5  40EI
X w kN/m
- |
i x I
X
21. (a)
T _Go
ro 1
tx]  1200x100
r = =
GO 106 x 1.5n
180
_ 1200x100x 180
"7 10°x15m
r = 4.5836 cm
d = 91672 cm
22.  (a)
5, = pd _ 6x150 — 45 MPa
2txmyy  2x125x0.8
__pd _ 6x150 = 20 MP
1T 4txmg 4x125x09 a
od 1 1
o (6 —us ) = ——(45-0.25%20
2 = o hon) = 2ol )
% = 0.2 %103
d - .
8d = 0.2 x 150 x 103 mm
dd = 0.03 mm
23.  (¢)

In case of composite bar,

(Sth)Cu - (SaxiaI)Cu (Sth)steel + (6axia1)stee1

(SaxiaI)Cu + (Saxial)steel = (8th)Cu - (Sth)steel
oL, ool
E, E, = oyIL - o, TL
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6, ©
(_1+_2JL = (o - 0,)TL

E; E
61,902
E, + E, " (o, - )T
24. (o)
Diameter of wire, d = 20 mm
d_20
So, Ymax = E_? =10 mm

Radius of curvature, R =
Bending equation

Omax — E
ymax R
- Omax  _ 200x10°
10x107° 10
= .. = 200 MPa
25. (a)
AL, = AL,
PLY _(PL
= AE Js ~ | AE )a
P AsBs/Ls _05x200/2 _ ..
Py, — AuE4/L, 2x100/1
26. (a)

Length of the rod, I = 6000 mm
Fall of temperature, T = 120 - 40 = 80°C
When the ends yield by 1.1 mm.

Contraction prevented — aTl-0 12x 1076 x80% 6000 - 1.1

Thermal strain

Original length ! 6000
LU 7.7667 x 10
~ 6000
Thermal stress = Thermal strain X Young’s modulus
4.66
= <500 210x10° N/mm? = 163.1 N/mm? = 163.1 MPa
27.  (b)
SF =0,
= H, =P
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M, =0
l
= Vpxl = PXE
p
Vp = 5 C P
3F,=0 M, Y
’ M
! B
= V, = Vp= E . A |
A T I
Strain energy stored by the bracket, ,
U = Uy *+ Upc Va Vb
1/2 Af2 _x 2dx 1/2 (p )2
_ jnﬁdx+j-kgdy=j 2 ?(Py)dy
o 2EI o 2EI 2EI o 2EI

_ﬁﬁﬂﬁﬁm
8EI| 3 2EI| 3
0 0

P2 P p2 (1/2)3 B [ . P2

8EI~ 3 6E]  24EI 48E]
P23
16EI

u

Horizontal deflection at C,

0 o [ P23
- 2-3(3)

oP  oP| 16EI
3
5, - 2Pl
16EI
P2
S = SE1
28. ()
dv M
dx*  EI
o
dx
dr - _
dx -1

From above three relations, we get

o = A dte g(x)

© Copyright: MADE EASY www.madeeasy.in



16 | Mechanical Engineering

India's Best Instituts for IES, GATE & PSUs

29.

30.

(a)

Deflection of cantilever beam at free end.

1. Due to uniform loading, w

4
A = ML
8EI
2. Due to a point load, P
5
A, = —
3EI

Here P is the spring force (F)

Net deflection due to superposition, s is

s = Al - A2
F wL4_FsL3
k 8EI 3EI
3kwl*
F =

S DAFEJ +8kI3

(d)

As given: K = %E
From the relation, E = 3K(1 - 2u)
= E = 3><§E(1—2u)
or 05 =1-2p
or uw = 0.25
EEEN
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