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DETAILED EXPLANATIONS

(c)

Deflection of a simply supported beam is proportional to,

PL
8 o« ——
El
Increasing /, decreasing L or P will reduce deflection.

(d)
The stress system for an element on the surface is
_ w7

a

T
All normal stresses are zero.

Stress on an inclined plane is given by,

6;{+0, 0©07{—-0C .
G = —1 2 41 2 00520 + Tsin 20
n 2 2
G{ -0y .
6 = —+—25in20—1cos20
t 2

Now at 6 = 45°,

GH

. 45° plane is the principal plane as shear stress on it is zero. Value of maximum principal stress

Tsin 90° = Tand 6, -7 cos 90° = 0

is ‘7.
(c)

A ductile material fails through a cup and cone type of failure.

(c)

The angle of twist in both the shafts will be equal. Therefore,

045 = Opc
n) (m
- JG Jag — \JG Jpc
TpaLla TcLc
JaGa — JcGe
LA = LC’ GA = GC
4
Jc Dc
€ Ja Dy
D. =24,D,=d
T.=16T,
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5. (a)
M
A % B
I I |
+ 4
M
0--0, = Area of I diagram
o o M 1M
TYA T EIT 2 2EI
o - M
AT 2EI
0, = E] (Anti-clockwise)
M =20,=20
EI ~— “PA”
6. (d)

When normal stresses are equal (same magnitude) and of same nature, then Mohr’s circle will be
reduced to a point.

Ex. Hydrostatic pressure, internal contact pressure in hollow shafts due to press-fitting of bearing.

7. (a)
Tx
tan 261,1 . R—
0,.-0
x y
*2>)
[ 2%x(-5)
1
Gm = Etan ( 8—5 )
_ Lian (ioj =L 73336650
2 3 2
and 9,,2 = 9,,1 + 90 = -36.65 + 90 = 53.349°
8. (b)
We know that,
E - 9KG
~ 3K+G
= 3KE + EG = 9KG
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10.

11.

= 9KG - 3KE = EG
= K(9G - 3E) = GE
K - GE  120x42
- " 9G-3E 9x42-3x120
= 280 GPa
(a)
WKN/m
|
—1/3—>]
e
Maximum bending will be at fixed end,
L _wr?
i = Wh)x—=—
i.e. M (W) 5 5
Bending moment at 3 distance from free end
e = ()1 -2
- ~13)76) 18
2 WP _M
M’ = EXT=? =0.1111 =11.11% of M

(b)

The displacement of point ‘C’

SC = (SAB )selfweight + (SAB )weightofBC + (83C )Selfweight

WL | PextL| WL |
2AE|,;  AE |5 2AEly

From given data,
W, =W,--W

BC AC AB
=3IW-W=2W
WAB =W
(Pext)B =2W
WL 2WL  (2W)xL
So, 8 = 2AE AE ' 2QA)E
s M[2+8+2}_12WL
C - AE 4 | 4AE
3WL
5. = —
c AE
(a)
Direct stress
K =

Volumetric strain

3 . . 055 |
v —(r-
v %= 1_{ _%} ~1- 1—% = 6.5985 x 104
» .
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12.

13.

14.

250

K = —————— =378871.2243 MP
6.5985% 107+ a

378.871 GPa

(b)

<
Il

80x - 64(x - 1)V x € (1, 4)

At centre, x =4m

M = (80 x 4) - 64(3) = 128 kNm
(@)
Given, o, = 100 MPa, 6, = 50 MPa,
6, = 25 MPa, S, = 220 MPa,
For maximum shear strain energy theory,
2 2 2< 2 i 2
(01 -0)"+ (0, - 03)" + (03 - 0y)°< 2|
2
220
(100 - 50)? + (50 - 25)? + (25 - 100)% = 2 N
After solving,
Factor of safety, N = 3.326 ~ 3.33
()
I N
o (o)
TN

State of stress, o

2mrt
o = Simple tensile st 10x10°
= Simple tensile stress = ————
P nx25x1.6
3
Now, ] = nlg d for a thin tube

T 8T _D_ 4T _4x235x10°

= —r= X—= =
' ] aD% 2 aD* mwx25°x16

[Where, N = factor of safety]

(Area of cross-section for a thin tube = 2nrt = ndt)

=79.6 N/mm?

=29.94 N/mm?

[F a2
o c [
Principal stresses, 6, , = Ei (Ej +1% =39.8+/39.8% +29.94

= 39.8 +49.8 = 89.6 N/mm? and -10 N/mm?

Maximum principal stress = 89.6 MPa

© Copyright: MADE ERSY

www.madeeasy.in



12 | Mechanical Engineering EMADE EASY

titute for IES, GATE & PSUs

15.  (b)

Stress at support, 6, =

12
M 6Px
Stress at distance x, 6, = 5 ~ B K2
Equating, o, = 0,
6PL 6Px
BH2 _ BH?

16.  (b)

=~

Effective length of column (Le) = ﬁ

1/2
I D* 4 D
Least radius of gyration (k)= nzn' :Ln64 X DzJ :Z
T

L

2

Slenderness ratio (s) = 7— (\/)5
/)

17. (0

Let us consider a cross-sectional area A, at a distance x from top and having thickness dy (as
shown)
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Force acting due to self weight at section dy

y
= w, = {pgAydy
Now, taking force balance at the section “dy’
= CA, + jpgAydy = o(A, +dA) [.. o = Constant for uniform strength beam]
= cA, + [pgA,dy = oA+ cdA,
Y Y 6dA
y
= [osdy = [—
0 Ay Y
A
= pgy = olog| =
Ay
= A, = AyelPs/°)
18.  (d)

The cross-sectional area varies linearly with distance from the free end.
Let assume that the maximum thickness of beam = t.

: | B |
I : ij
|<—x —
(At section X-X)
| L |
¢ 3
. ey 1)
* 12 12
b(t)*  x .
= Ix = 12 XL_3 (1)
= I o x3

Bending moment at section (X-X)

X
w :
1 W
H\I\WV\V\
B | A
—x —
X
f L |
w 1 X
= Mx = _Txx Exx X 5
6L

3
The ratio of (M) K1x3 = Constant (Independent of x)
EIl K,x
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M
Hence, | 77 . diagram =

B A
)
19. (d)
Effective equivalent length,
L
¢ 3
n’El
As, P e = LZE
_ m’El 9n’El
@y r

20. (d)
Actual column is having end constraints as fixed and free but it was considered as fixed and
hinged column.

(Leq)actual = 2L
n’El _’El '
= (Pe)actual = Li - 4], (1)
n’El N L
(Pe)assumed = (L/\/E)z ( e‘i)_ﬁ
2m2El
n°El 1
2_i
Error 12 4
%error = =

(Pe )Actual TEZEI 1
7 Xy
L 4

700%

21.  (b)
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Now, d

ou
oP

22. (b

Column I

Column II

2n*El

i

=

ny
hy

23. (a)
Yy

ny

€, &

28400 = (&) + €ggo)
2 x 200 - (-500 + 300)
600 pum/m

(29T 0

(where U = strain energy)

2
-100 + 500
-600 um/m
400 um/m

2
~500+300 , \/( —5002— 300) + 300°

E
m[% +M82]

200x10°
(1-0.3%)
-105.49 ~ -105 MPa

[-600 + 0.3 x 400]
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24.

25.

(a)
pd 6x150

o, = = =45 MPa
2txmyy  2x125x0.8
oA exI0
1T dtxmg  4x125x09 ~20MPa
dd 1 1
4 _ (s, -uo ) = ——(45-0.25%20
2 = B0 Ho) = S o )
S—d = 0.2 x 1073
d - .
8d = 0.2 x 150 x 103 mm
dd = 0.03 mm
(b)
- d =40 mm >
80 kN i 80 kN
| 2m |

PL  80x1000 x 2000

Elongation of the rod, 8, = ——= = 0.6366 mm
tAE g><402><2><105
Let the rod be bored to a length of | meters.
2
-~ @) | —
80 kN 80 kN

Elongation of the rod after boring,
8l, = 1.2 x 3l =1.2 x 0.6366 = 0.7639 mm

Pl P(2-1
o, = ——+ ( )
AE AE
_ 80000 |  Ix1000 (2-1)x1000
5
2x10%) B (40 - 207) T x40?
4 4
= 280010005 [1.0611+(2-1)0.795]
X
- ;0010005 [1.59 +0.2661] = 0.7639
X
[ = 1202m
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26.

27.

28.

(d)

Both the ends are fixed, =l
(8L)t0tal =0
(SL)Contraction due to load + (SL) Expansion due to temperature =
ARL R—>{ 4, d, [ €——R
= - +aATL = 0
Tl:dldzE
R = MhE 7 4
4
R TCdldzE(XAT dz
Gmax = A, = T 2 - OCATE(_
min 4 X —xd] 1
4
160
= 12x10°x50%x2x10°%x ——
80
= 240 MPa
Orin = R = ocATE(d—lJ
Amin d2
= 12x10% x50 x 2 x 10° x 80
160
= 60 MPa
(d)
4
Given: y = = 2% -2 _36x
EI 6
x=0 x=L
In a simply supported beam, bending moment at both the end of beam is zero.
2 3
M= Y g L A2 25
dx El dx 6
2
- 120125 0120222
Put M =0, 12x -12x*> = 0
2x(6-x) =0
x =0,x=6
So, the span of the beam is 6 metres.
(c)
X
dx
A ] ;
I L I
x2
AT = ATy 2
Induced strain in dx element,
LARN AT
P
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dx = oAT.dx
Total change in length,
2
L L X
[;dx = jo OLATy -y
52 ¢ ATy I} o AT,L
- 32 3

As the both ends are rigid, no elongation will occur due to rigid support reactions induced R

_ R __9
Gthermal - Z_ Ez
Eo ATy
Gthermal = 3
29. (a)
AL, = AL,
PL) _(PL
= AE)s =~ | AE ),
& AgEg/Lg _0.5><200/2_025
Py, — AuE4/L, 2x100/1
30. (b)

U = Uyp+ Upe + Ugp
(3P)’L . (—2P)2L+ P°L
6X2AE 2x2AE 3x2AE
9P’L s 4P?[, s P’L
12AE  4AE 6AE
3P’ P*L P’L
+ +

4AE  AE 6AE
(9+12+2)P’L _ 23P°L

12AE " 12AE
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