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(b)

Thickness of cylindrical portion, £, =3 mm
Thickness of hemispherical ends = ¢,

For no distortion of the junction under pressure,

L 1-p_1-03

t,  2-u 2-03

t

» 1.235 mm

(b)
Given: P =11 kN, A = 150 x 75 mm?2

11000

DETAILED EXPLANATIONS

45°

45°

s = Lo -0.977 MPa
* T A 150x75
() - 45 = 5+ 50520 5
- %:0'9¥=0.488MPa
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(d)

4 MPa
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Radius of Mohr circle = 4 - (-4) = 8 MPa
Maximum principal stress = 4 + 8 =12 MPa

5. (c)
K 20+p
G 3(1-2w
_ 2(1'25):1.67
3(0.5)
6. (d)
R,+R, = P+wl
R,+6 = P+6
R, =P
XM, =0
32
6x3 = P><2+2><?
= 18 = 2P +9
P = 45 kN
R, = 45kN
7 (c)
w = 5kN/m, g=(10-5)=5kN/m
s o DL
. . - 2 6
2 2
- 5X24 + 224 5333 kNm
8 (@
M _E
I R
200 % 10° n 18x6°
M= —————X42X —X———
2000 180 12
= 23760 Nmm =~ 23.76 N.m
9. (d)
10. (b)
3
Minimum moment of inertia = 1236 =216 mm*

12
I 216
1 1 = [— = =43
Radius of gyration \/; 12 %6 3
LE

Slenderness ratio I

L = 100x+/3 =173.21 mm

e
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11. (o)

mm

P
Maximum shear force in beam = 5
P bd d
- FAY %3 %3 2P
ear stress, T = = 3 =3
I
b bd” b 3bd
12
12. (o)
2h
Simpact = 85{1 + /1 +8—SJ
s o P 500 x10° x 1000
st AE  50x10%x200x10°
Simpact _ [1+ ’1+2X12j:8
6gradually 0.5
13.  (¢)
w 2w
AT
1
A »
3
5 _ wa*  2Wa®
centre SEI 9EI
14. (b)
Strain energy stored in AB, CD
_ L
2 D*E
4

P*(2L)  8P’L

2
2D 2T D2
4 4 4

Strain energy stored in BC=

w|§
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8P%L
2T p2E
4

8 8
P’L . 8P2L .\ PL  1+8+1 10
2™p2E 2™p2E 2T pE
4 4 4

% Strain energy stored in BC =

= 80%
15. (a)
As rod and tube are in parallel, so angle of twist will be same
Tl Tl
T4 Gm 4_ 4
G_-d - -
32 3 32((2d) a )
5T, =T,
To+T;=T
T +5T, =T
T
Ty = g
o -6 —zx 321 16Tl
ROPTT 67 Gnd* — 3nGd*
16. (b)
Change of length of bar = Compression of spring

L
R,L R

JocAT(x)dx —A - A

0 AE K

3\L
3l’), ~ AE K

L 1
%ocATOL = R, (—+—)
3 AE K

2 0AT,LKAE
Ry = 37 (KL+AE)

© Copyright: MADE ERASY

www.madeeasy.in



12 | Mechanical Engineering

India's Best Instituts for IES, GATE & PSUs

17. (o)
P
H
_Hde 1 Pdx
S vl bx )2
0 0(b+) E
H
b
Let b+Ex =t

a _ b

dx H

H
dx = dt(?)

whenx=0,t=b;x=H,t=2b

H*Pdt HP 1\
8 = — —2—:—)( —_
byt* E E t),
- HP(1_L) Hrx
" Eb\b 2b) Ebx2b
5 - HP
"~ 2b’E
18. (d)
x_ O
., =0
o, MU
e = 0= E_E(Gy—'—ﬁz)
_P et I X
=—-O0—-Ul—-0
“( A j
w ,
= tU—+Uo=——— !
o= TR THOTT A N
F
= ——-2"(20
&~ TAE E( )
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AE 1-u
19. (a)
Tl
Strain energy = Z_G]
T? (21) 32 Ty (41) 32x16
= —X|—|X% +—=X| — | X——
2G \3) nm@d*) 2G \3) nxd*
2
_ Ll 14 [zx2+éx2xl6}
2Gd*|3 m 3 m
2
=112TLE1
Gd
20. (b)

The displacement of point ‘C’

6(: = (SAB )selfweight + (SAB )weightofBC + (SBC )Selfweight
_WL| Rl| | WL
2AE|s AE |4 2AE|s

From given data,

=3W-W=2W
Wy =W
(Pext)B =2W
WL 2WL (2W)xL
So, 5. = + +
¢ 2AE AE 2(2A)E
~ M[2+8+2}_ 12IWL
S = AE” 4 |7 aaE
3WL
8- = —( ¢
= AE
21. (a)
The applied stress in the direction of thickness of plate,
o,=0
Strain along thickness direction,
2 _W
= EZ = E—E(Gx‘f'cy)

(i)
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As we know that,

o, = - (g, +ue,)
, 209 x 10° - -
So, we can write, o, = W[SO x10™ +0.3x15x10 ]
= 125.17 MPa
. 209 x 10° - -
Similarly, o, = W[B x107° +0.3x 50107 |
c, = 68.9 MPa
From equation (i)
0.3
= 0————[125.17+68.9
& 200107 - |
= 2.785 x 10
Reduction in thickness of plate,
8t = txeg,

20 x 2.785 x 10™*
5.571 x 10 mm

22.  (a)
Point A and B on the Mohr’s circle represents the complementary planes. So shear stress will be
same, i.e. T, = T,
Radius of the Moht’s circle, CA

CA = JW:SO } 50 } 50 |
fe—30—>1= 20 >|
CB" = /507 —40> =30 - ¥ Cc_Q BS,
OB’ = CB’ - CO =30-20 =10 2 ~ 40
6, = OB’ =10
6, = 50-20 =230 B

G, = -(50 + 20) = -70
6, = OA"=30+20=50

23. (o)
€., 'Y;y Y;Z
ny YyZ
LI 1yz
Strain tensor = 2 w2
Yoy = 0.004 x 2 =0.008
Y., = 0.006 x 2 =0.012
= Ty = G Vyy = 100 x 0.008 = 0.8 GPa
and T, = Gy, =100 x0.012 = 1.2 GPa
So, Tyt Ty = 800 + 1200 = 2000 MPa
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24. (b)
Now, 5, = 5P (where U = strain energy)
aM
Rd6
u _ T P
oP EI
0
n/2
- i J. cos? 0d0
El 0
PR3
5 ==
v 4E]
25. (d)
From equilibrium, XV =0,
= R,+R; = 2+2x4=10kN
M =0,
= 2x4x2+2%x6 = Ryx4
16+12 28
= == 7 kN
So, Ry 1 1
and R, = 3 kN

Bending moment at a distance “x” from end A will be

X 2
M) = 3x-2XxX—=3x-x
(B )x 2

Now, the BMD changes sign in section AB, so the point of contraflexure is where the BM is zero.
So, 3x-x2 =0
x =3m

© Copyright: MADE EASY www.madeeasy.in



16 | Mechanical Engineering 3 MADE ERSY

India's Best Instituts for IES, GATE & PSUs

26.

27.

28.

29.

(b)

= ] (58]

I = 0592 R*
Bending stress will be maximum at point A and B.
Px1.5x0.1
S0, Omax = 0.592%(0.1)*
P = 236.8 kN

(c)

.- [Gx;Gyj_l_\/(Gx;Gij_l_(Txy)z

2
_ 200+120 \/(200;120) \ 302

2
= 210 MPa
(b)

P _2m%El

ColumnlI = L = 12

1

2
Column Il = P, =4LE_21
3 h

27%El  AmPEl
o 3K

=
Il
ST
1l
o
[0e]
N

(d)

Ymax — "max l
v - 35><22><1.8>< 1
7x180 1500
=733 x10*

www.madeeasy.in © Copyright: MADE EASY



B MADE ERSY el [ strength of Materials | 17

Indig’s Best Institute for IES, GATE & PSUs

30. (d)
d*y \/;
El—F = |=
dx* Lq
d3y 25372
= El—=—"—¢g+C
Vs dx® 3\/fq !
dy 2 2 x%?
= E[—5=—X—=xX +Cx+C
M= B =X L It s
x=0 V.=
= ¢ =0
x=0 M, =
= G, =
4 552
M"_Eq\ﬁ
Atx = M,=M_,.
4 -
Moo = 759
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