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DETAILED EXPLANATIONS

1. (c)
Thermal stress is produced only when it is restricted to expand and there exists temperature gradient.
3. (b)
16T , .
T= —3 {T— torsional moment, d — diameter}
nd
For same T, we have
7,d2% = 1,03
3 3
T, = T il =128 1 =@=16MPa
dy 2 8
4. (c)
P
o= P4 BxA000 400 g
4t 4x10
5. (b)
In case of unsymmetrical bending, the equation of the neutral axis is found out by finding the locus of the
points on which the resultant stress is zero.
6. (c)
6,+0, = C_+ Gy=40+60= 100 MPa
9. (a) o
Volumetric strain = E(1_2V) =€e(1-2v)=0.02(1-2x0.3)=0.008
11, (d)
Let us use suffix 1 for uniform bar and suffix 2 for non-uniform bar.
U - P2L  P?L 2P?
| = = =
2A1E1 Z(n DQ) E1 TCD2E1
4
3 1
Lo P ZL+ 25| P2[3L+ 4L}_ 7P2L
25| T2 (DY | 2B lmD? aD?] 2nD?E,
4 4 2)
U 45 _4 7.
U, = 7E; 7 4
14. (d)
Strain energy for Case-l:
2
U = 2 AL
2E
Strain energy for Case-lI:
2 2
U, = o xix4Ax£x2+G—A L
4 2E 4 2E | 2
2 2 2 2
o 1 1 c L c 1 1] o 5 5
= — Al —=x4x—x2|+—=A = | = =AL|=+=|==—=A = |=| =
2FE {16 4 } 2FE [2) 2E [8 2} 2E [8) (8)u
Strain energy for Case-lll:
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15.

16.

17.

18.

19.

(a)

So,

(a)

(c)

Torque,

(a)

2 2
U, = —><Ax£x2+(gj ><l><4A><£

| M,
Rg = ‘% A > A
L
l~—— a —>
ZFy =0 R,+Rz=0 R, : R,
M | L |
R — _O I 1
A L
So option lis correct representation of shear force diagram.
] T <o T
TI =
o . 2] 1T BC
BC ™ Gy 2GJ
2N -
eAB = 2 =£ AB
GJ GJ
TL TL
eC = GBC+ GAB = a(1+05)=15a
TL
BB = a (AS 9A= O)
05:6, = 1:15
f = 12 Hz, P=20 kW = 20000 N.m/s
7o 220000 o653 Nm
2nf  2mx12
3
. ) 162 _ 16><265.3>;10 ~ 50 MPa
max nd 7t % (30)
2+ A =0 M M M
Ry = -Rec A(ﬂ 5}/ Dc
oM L2 ! L/2
R, = M) . | R
L A c
2M
Shear force variation between AB and BC is constant. om
M, = M(clockwise) T SFD

M. = M/(anti-clockwise)

So option (a) is correct answer.

(b)

E = 200 GPa, d=1.25 mm, R, = 500 mm
ed
o= TZ (p—radius of curvature)

www.madeeasy.in

© Copyright: MADE EASY



10 | Mechanical Engineering

I'IIFIDE ERSY

India’s Best Institute for [ES, GATE & PSUs

max

9
2

d
Ro+—
072

200x103x1.25

=249.688 = 250 MPa

d
(pmax =FRo +§)

2x500+1.25
20. (a)
ubL, g = 5.8kN/m, b=140mm, h=240 mm, L =4 m
2 3
Maximum bending moment, M_ = %=w =116 x 103N.m
I _bh® 2 bK
i dul = —=—X—=——
Section modulus, h- 12 *h 6
2
6 6
Gmax _ M‘nax _ M‘nax _ 6)(116)(102 - 8.63 MPa
V4 bH 140x(240)
21. (c)
M., = P(6b-2b)=4Pb
a-.;
M min 1/3
max| ~o 128Pb)"
o, = = O, =
ndrﬁin TG4
64
113
d. = 128x40x37 — 1262 mm
nx 30
22. (d)
o, = 32MPa s
6, = -50MPa
. =0 o
Xy :9
Normal stress on plane a— aat an angle 6 /
6,+6, O©0,-0C
o, = x2 Y+ x2 Y.c0s20+1,, Sin20 a
= 32;5O+32+5000829+0 =-9+41cos 20
0, = 0=-9+41cos 20
9
20 = —
Cos 21
20 = 77.32°0r6=238.66°
23. (a)
6. -0, )
x Py 2
Tmax = [ 2 ] +Txy
2 2
G, = O +2Thax —Tyy
[2 2
Oy = O, — 2/ Trax ~Txy
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)l
y2

So, c, =

24. (c)
From stress-strain relations:
EX =
e =

y

(=740 x 108)E
(-320 x 106)E =

42+ 2,(35)2 —(33)? =65.3 MPa

- 42-2)/(35)2 —(33)? =18.7 MPa

65.3
MPa
18.7

45+ 5.7v
-3.6 + 6.6v

Solving equation (i) and (ii), we get

3000 MPa = 3 GPa, v=0.4

£ = S =5 GPa
3(1-2v) 3(1-2x0.4)

520 x 1076, € ;=360 x 106 € ,=-80 x 10°°

€y te, €,-€ Yry .
+ C0S20 +—%sin20
2 2 2

0% e, =€, =520x10°

€, +€,
2 2
€, +E€y +Vyy
2
€, +€,
2 2
€,=-80x10°

€

45°, € g=

=360x107°

€
90°, € o=

2€p—€ €,
(2 x 360 —520 + 80) x 1076
280 x 106

E =
Bulk modulus, K =
25. (b)

€, =
ex1 =
For A, 0 =
For B, 0 =
€g =
For C, 0 =
€c =

From equation (i), (ii) and (iii), we get
ny =
ny =

. Y
Maximum shear strain, %y

Vay %108

=5 (2)

2

ny

§<
<
Il

26. (c)

Deflection due to point load,

(==

2x107%./(300)2 + (140)2
662 x 1076

P
0, = —— (downward
T ( )

—€
+ y003900+%sin90°

LSy cos180°+%ysin1800

.. (iil)
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2

Deflection due to end moment, §,, = % (upward)
3 2
5 = 8p4 8=~ + L
3EI 2EI
100 10° x(9000)° | 900x10° x (9000)* 3004450150
- - = — + =
3x81x 10" 2x81x 102
27. (b)
4P 4x50x10°
' i = = =636.62 MPa
Engineering stress, c ndg <100
Engineering strain, € = Al = T =1072
Iy 100
Engineering modulus, E - 2 -636.62 x 102 MPa = 63.662 GPa
S
E=2G(1+v)
v = £—1 _ 63662 -1=0.273
2G 2x25
28. (d)
_ T, (MPa)
GCc = cH=2=20_45 A
2 (20, 10) F ;
OC = 0G +GC y-face .
=20+ 15=235 o BUD g, (MPa)
(50, —10)
FC = V152 +10% =18.03 E  xface
Coordinates of A = (35, 18.03) MPa
29. (c)
When the temperature drops, wire tends to contract due to fall in temperature. A wire is constrained at the
end A and B and wire will be subjected to tensile stress.
AT = 20-0=20°C
G =0,+0,
[0, =42 MPa due to prestress, 6, = EaA T due to temperature change]
= 42 + FOAT = 42 + 200 x 108 x 14 x 1076 x 20 = 42 + 56 = 98 MPa
30. (b)
Critical Point  T=500 Nm
3
- §= iomo - 25.46MPa %
7)(502 Gyt Op
4

_ My 50x10° x10x25x64

o, Z =40.74 MPa
I % (50)
3
- 1673' _ 16><5OO><31O — 20.37MPa
nd 7 % (50)
According to MDET,
S
1/csxz+3rxy2 = Wyt
N =267
EEEE

66.2 MPa

66.2 MPa

20.37 MPa
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