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DETAILED EXPLANATIONS

1. (d)
Radius of Mohrt’s circle, R = Ym?a"
2. (d)

* Vertical drop at B shows point load on the loaded beam having magnitude equal to
(14 + 4) = 18 kN.
* 1° shear force diagram between B and D represents. Uniformly distributed load. Whose
magnitude is
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3. (d)
As per maximum principal stress theory

(¢

Y
G, = ——
"L FOS
150 = %
~ FOS
FOS = 2
4. (3
E=2G(1+p
12x10° = 2x 4.8 x10% (1 + )
u =025
E
= Now, Bulk modulus K =73 (1-2u)
12x10°
~ 3(1-0.25%2)
= 8 x 10* N/mm? = 80 kN/mm?
5. (a)
The length of column is very large as compared to its cross-sectional dimensions.
6. (0
As per Rankine theory:
1 1 1
—_— = — 4+
Py Pes P
P = Pes x Fe _ Fes
R Ps+P q, Pes
Py
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Hence Pp = s > Lo\
5l
n°E\ k
i.e., option (c) is correct.
7.  (c)
d = 2mm
Opmax) = 80 N/mm?
E = 100 x 10° N/mm?

Distance between the neutral axis of wire and its extreme fibre

y = %= 1 mm
So, minimum radius of the drum
R - ——E Lf_E
cSb(rnax) y R
_ L x100x10°
80

=125x10° mm=125m
(a)

Assuming (o, > Gy)

Q

AB =o0,-0
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ac = 2B 0%
2 2
0,-0
OC = OA+AC=o0,+ Y
_ c,+0,
2
9. (9
15 kNm
T 2m K 3m T
A B
R,+R; =0
XM, =0
= Rpx5 =15
= Ry, = 3 kN
R, = -3kN
Now, SFD will be as shown in figure below,
A B
3 ©) 3
10. (d)
av
As we know, - =w
dx
d (-2
= w = E(5X ) =10x
For midspan, x=1m

So, load intensity, w = 10 N/m

11. (a)
The maximum stress in the steel bar occurs at section A-A, the point of suspension because there
the entire weight of steel and brass bar gives rise to normal stress whereas at any lower section
only a portion of the weight and the steel would be effective in causing stress.

60 76000
Weight of steel bar, W, = 10x—Fx——>==456 kN
s 10 10
50 80000
i = 6X—Xx———=24kN
Weight of brass bar, W, 10t 10
40+4.56+24
Stress across section A-A, 6= """ 0.78 kN/cm?
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12. (a)
A C E B
- |
e JSEF |
) )
From similarity of AS, % = %
Opp = 28¢p
FEF X L 2 X FCD X L
App XE; — Acp XE;
= Fpp = 2F,
M, =0
Fopx1+Fpx2 =40%3
FCD +2x (2FCD) = 120
5F-, = 120
Fep = 24 kN
13. (c)
Plane having zero shear stress is called principal planes.
20 MPa
N 30 MPa
60 MPa 60 MPa
\\\\ep
0 /K
30 MPa
20 MPa
21y,
tan 26p = o, ~o,
09 = 2x 30
fan 20 = 60-20
tan 26p =15
= -1
29p tan™ (1.5)
Gp = 28.15°

Required angle from plane B, 6 = 90° - 28.15° = 61.85° (Clockwise)
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14. (b)

32M  32x(5x200) 2
Normal stress, c= "3 = n(50)3 =0.0815 N/mm
16T 16 (15x100) 2
Shear stress, Ty = = n (50)3 =0.0611 N/mm
o 1 2 2
Oy = E+E (o) +4(1:xy)
- 9%?§+%on&5f+4momn2=0n4N/mm2
15. (¢)
a
a
a
3 9
Tmax; = E‘Cavg Tmax, = gruvg
3 F 9F
Tmax; = Ea_z Tmax, ga—z
3 F 9F
Tmaxl E? zéi Tmaxz _ g? _ 9 i
By a  2a B a2 8J2 4
3
_2 =
Ratio 9 189
8v2
16. (c)
When one end hinged and other end rigidly fixed against rotation and sway
n’El
F, (o 2
(£/+2)
2n’El
120 = 3
L
2
n°El .
2 = 60 ..(1)
When both ends are fixed against sway and rotation
n’El
cry T (L/2)2
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b 4TPEl
= 12
P,, = 4x60=240 kN

17. (a)

wl* 100(3)* x10°
8EI  8x5x10"

Total deflection at free end, ) =20.25 mm

Reaction at roller support is produced due to the deflection resisted i.e., (20.25 - 3) mm = 17.25 mm

Px(3)* x10°
3EI
95.83 N

= 17.25 =

P

ol
dL. = Et(b-a) \a

40x10° x3x10° (80)
In

18. (a)

T 2x10°x15(80-20) \20
= 0.924 mm

19. (a)

20. (b)

21. (a)

Towe | D+
Strain energy stored in hollow shaft, U = s \%

80> 80 + 60> 106
T 4x100x10°| 80?

6
_ 10000107 _ 5 5. 10 N-mm
4x10

25 N-m
22. (b)
We know deflection of spring,
64WRn
Gd*
where, W=100N, R=25mm, n=12, G=80GPa, d =5 mm

o =

64x100x(25)° x12

24 mm
80x10° x 5%

So, S =
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[where A is shaded area, ¥ = distance of centroid of shaded area from N.A.]

23. (c)
. . f
From bending equation, Y
f
Force on shaded area

24. (a)
Tmax

25. (b)
Principal strains, €/

Thus major principal stress is,

f max

y max

fmux Xy

y max

fmax XZAy

max

T (47

y max

%X{Exlz}xlez
12 2 3

5400 kg

16
—VM? +T?

nD

16 2 2 6

16 10x10°
_X—

06

=50.93 MPa
1

2 2
ex+eyi €y — &y N Yy
2 2 2

2 2
800 + 200 + (800 - 200) N ( —600) %10~6
2 2 2

924.264 x 107°
75.74 x 107

3
M(m.z@ +0.3%75.74)x107°

€1 + UEH )=
1—u2(1 he2) = 03

208.13 MPa ~ 208 MPa
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26. (b)
750 Nm 750 Nm
|<—500 mm——|
Angle of twist ¢ =
Pps =
27. (a)
In pure bending case,
M- _
I
So, R =
When same M is applied,
ST
Ry ~
2
= R, =
28. (a)
As it is given that, e =
. 1
o, R
o
Also, in pure bending, ; =

For o has to be used

max’ ]/ max

250 Nm 250 Nm
|<—500 mm—>| |<—5000 mm—>|
Ll
GJ
Opg + Opr + Ogs
750 x 10° x 500 250 x 103 x 500

80x10% x ~ x50%  80x10% x - x 50%
32 32

10% 1074 x 32 rad

m
0.58°
o_E
y R
EL
M
(EI)1
(EI)2
70x X % 2,54
4
120 ® % 2%
4
1.404 m
9_-Y_30x107
E R
-5
3010 7 mm ! =10 mm™
30
M = E = constant
I R

+0
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So, O hax

=

max

=

max

29. (d)

E ~200x10°

Ey max — R MPax ymax

200 x 10% x 10-° x 50 MPa
10 MPa

There is no load on portion AB, so shear force remains constant throughout AB. Therefore, the

shape of BMD between AB will be linearly varying with maximum value at A.

A

3 kNm

30. (b)

NA

200 x300° 190 x 260°

12 12

Let point load at midspan =WN

Maximum shear force

max

max

max

= 150

= 150

AN
2

Y3 _ 45 N/mm?
I

=1.717 x 10 mm*

Moment of area above NA portion about NA

(200 x 20) x (130 + 10) + 10 x 130 x 65
644500 mm?

w 644500

2 T1717x10°x10
239.77 kN

WL
4

WL ¥
41

239.77 x 10° x L x 10°® x 150
4x1.717 x 108
2.864 m
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