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DETAILED EXPLANATIONS

1. (b)
Let, the stress developed on each side is 6.
. . o
Strain along one side duetoc = E(1 -2p)

Strain along one side due to temperature rise = aT
As cube is restrained from all sides, therefore, both strains should cancel out each other i.e. algebric sum
of both strains should be zero.

(o)
EoaT
= o= 1-2u
2 (b)
. 1
Stiffness, k= Number of coils (r)
- k1[’)1 = k2ﬂ2
N k1 X25 = k2><20
k, = 1.25k,
3.  (a)

This is the case of hydrostatic loading and in this case Mohr’s circle results in a point.

Diameter of resulting Mohr’s circle = 0 MPa
T

>
20 MPa

4. (c)
A couple anywhere in the beam will cause equal and opposite support reactions in the beam. So the SFD
will be rectangular or uniform throughout the beam.

6. (c)
For beam of uniform strength, maximum bending stress remains constant throughout.
7. (c)
o, = 60N/mm?
o, = -20 N/mm?
T = 40 N/mm?

Normal stress, 6, = 6, cos? 6 + o, sin2 0 + T sin 20
= 60 cos? 60° — 20 sin? 60° + 40 sin 120°
= 34.64 N/mm?
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8. (d)
14 kN B
Al c
i , S.FD
i —13kN |
| i I —19kN/m
i 6 kN/m 15 kN i
E E Loading
14 kN i diagram
T | Tm KN/m
B.M.D.
Mg—M, = (BM)g
= Area of shear force diagram from Ato B'since M, = 0,
due to simply supported beam.
= %(14+2)><2 =16kN-m
10. (a)
Since slope at B = 0, therefore beam AB will act as fixed beam.
wle we L
12 2 ~ 6
11, (d)
y
p
S p
p
Z’/
Pressure is a compressive stress
200 1( -200 )_l( -200
7 200x10° 4l200x10%) 4\ 200%10°

Elongation, A,

-5 x 104 mm/mm
el =-5x10" x50
-0.025mm = -2.5x 102 mm

)
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12. (b)
Let the reaction at support A be R.

P
. o
fr ]
B : Vo
A
R
Deflection at Ain beam BC = Compression in column AB
(P-R)® RL
3EI - AE
(P-RL _ R
31 A
PE R, RC
3 A 3l
P o314 AL
3r 3IA
- PAL> P
C B3I+ AP 1+(31)
Al?
13. (b)
Total load on beam, w = 10 + 20 = 30 kN/m
L
Maximum shear force, F = W? = 30x8 =120 kN
F  120x10°
Average shear stress, Tavg = a = 1();0 = 4 N/mm?
> % 200 x 300
. 3 3 5
Maximum shear stress, 1., = Eravg =3 x 4 =6 N/mm
14. (b)
G _ T
L = J
TL T 100
0= — = = =0.01rad
- GJ ~ (GJIL) 10,000 ra

Also, torsional strain energy = % x T6O

x 100 x 0.01 = 0.5 kN-m # 1 kN-m

N —
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15. (b)
M = 3.5kNm; T=5kNm; d=80mm
16 T 2, 12 | 6 16 2 . o 6
6, = — | M+M? +T? | 100 = — [ 35+(35)7 + 52 | x 10
nd” L . 1(80)
= 95.5N/mm?
16 B 2 2_
c, = 3 M —=~NM*+T° | x 106 = —25.89 N/mm?2
nd” L J
. . (O] (o) 1 102.75
= ——u—= = —|955+0.28x25.89| =
Maximum strain, € c c E[ ] £
If ‘o’ be the stress producing the same maximum strain then,
o 10275
E E
= c = 102.75 N/mm?
16. (d)
Mo Lo
T4 4

W_12_ 1x 42 ~ 1x16

8 8 8
Given, same area, same depth, so, by pure bending formula,

=2 kNm

M, =

M _o_E

I y R
= oo M

O M,

— = —==05

(o M,

18. (d)
Shear force at A =400 N
Bending moment at A = 240 Nm
Torque at A = 100 Nm

19. (a)
For the triangular portion, let the load per unit metre is w.
1
—XWX2 =
5 60
= w = 60 kN/m
Now, My =0
1 2
:>2O><5—/?D><4+§><60><2 1+§><2 =0
= R, = 60kN
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20. (b)

25°C
o L e
Let top fibre is assume to be reference.
The change intemperature between top and bottom fibre,
AT = 25°C h

\ 50°C

L+ LoaAT
From the property of circle
L L
(2R-9)6 = 5%
L2
2RS =8 = —
4
2
R L
86
Now, arc(L) = R®6
arc(L+ LaAT) = (R+h)6
L+LoAT  (R+h)e
L B Ro
1+0AT = 1+—=
L2
h = RoAT = —a AT =0.1875m
856
= 187.5mm
21. (a)
The beam will deflect as
1 —>C|
\::::\\ {A
7 \\\(:;’ %
’I CH

—’VB /
H
L_
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Vertical deflectionatC, A = A, +A,
A, = Deflection due to moment in BC

A L ME_ul
' 2FI  2FI
A, = Deflection due to momentin AB
MH uLH
= — L =
b= EN T
A= A+A,
2
uls  ulH
A= — 4
- °E1 " E1
uL( L
- —|=+H
= A= EI(Z )
22. (d)
M3
Deflection atfreeend, §, = —
3EL,
3
Here, I, = %
With doubling of depth and width,
3
I (2b)x (2d) — 167
2 12 1
y
S o< 7
5 h
82 - 1>< ]2
J
- %= 6

1 %100 = 6.25%
16

3, as a percentage of §,

23. (d)
Let the total length of spring before cutting be /.

l
Short piece , I, = —

4
. 3/
Long piece , [, = 7
o o Gd
nee. = B4R%n
o dorke
o “n Length
Ko 11
K — L (1/4)
O
or P
= K, = 4K

=
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24. (a)

' 3b

Free body diagram of given beam is
P2

o |

O =]

\
—
—

P/2 P/2
Fig. 1 Fig. 2 Fig. 3
The deflection of point under load P,
§= 8, + % =% 5
2
1 , .
d = 5(85+60)+6 ..... (|)

dis deflection of point Bin Fig. 1
3 is deflection of point Cin Fig. 3
§'is deflection of point under load Pin Fig. 2

wl® P 3 1 9pPp’
= —_— = —_ 3b e =
% = 3g; (2)( ) (351) 2EI

B (P ] Pb?
o 22 (S)er(sL) -
3EI 6EI

1 P(2b)’  5PH°
| = (85 +8g)+—l =
From (i), 8= 50 +dc)+ e =55
25. (c)
00 ,
180 - : i
152,87 F--=====-=-==-- ! i
g - |
S 120 f--oev . o
8 i o :
g . i
i t : i t i
0.002 0.006 0.01
Strain
P 300x10°
Stress in the bar = (—) ) e eatall iy 152.78 N/ mm?2
A T 2
ZX(SO)
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(180-120)
152.78 = 120 + (0.0—04)Xd
32.78 = 15000 x d
d= 2185x 103

0.002 + 0.002185 = 4.185 x 102
(4.185 x 1073 x 2 x 10%) mm = 8.37 mm

Total strain in bar
Total elongation

26. (b)
For 6 = 0°: € =¢g,=1100x 10°
For 6 = 40°
Eg =€, = G BT s 00 +¢Lysin26
2 2 2
Substitute gg = 1496 x 10 and e = 1100 x 10°5;
Then simplify and rearrange:
O.41318sy+ O.49240¢xy = 85049x10°% (i)
For 6 = 140°
Ec =8y = S L BT o6 00+ 2 sinoo
2 2 2
Substitute g, =—39.44x 10%and e = 1100 x 10°5;

Then simplify and rearrange:
0.41318¢,-0.492400,,
Solve equation (i) and (ii)

_68495x 10 (ii)

g, = 200.3 x 10%and 0,,=15659.2 x 1076
E
Hooke'’s Law o, = —Z(exﬂxsy) =91.6 MPa
-
27. (d)
Gxx Txy TxZ
Stresstensor = [Ty, Oy Ty
Tze Tz Oz
o,.=10 o, = 20 c,=10 T,=5=1,
2
G, +0 6, —O 5
o,/o, = ( 5 szi\/( 5 ZZ) +12,
_ (10;10]i 0+ 52
=105
c,=15 6,=95 0, =03= 20 [Asthere is no shear stress in the X— Yor Y- Zplane]
62> l[(c -6,) +(0,-0 )2+(G -0 )ZJ
y = 5 [\017% 2~ 03 3~ 04
> %[100+225+25]
02 > @

2
6,2 13.23 MPa
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RO -o

300 N/m

v Vv v v v) 2700 Nm
A
1 t

ZMA = O
300 (6) (3 +3)-R,(6)-2700 =0
R, = 1350N

ZFy =0
R,+ R, = 300(6)

R, = 450N

I}

I}

300 N/m

\ 2 \ AR v) 2700 Nm
A
) )

450N 0<x<3m
[450-300 (x-3)] N 3ms<x<6m
[450 - 300 (x - 3) + 1350] N 6m=<x<9m (v)

vV
V:
%

©
o
o

Shear Force (N)
N
I
o

—450

| 45m
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30. (b)

Work done by falling weight is equal to strain energy of the bar

- [ W?/ight

h
44
— 6max
T
L

The falling of weight is a case of sudden impact, therefore, the workdone by weight is equal to the product
of load applied and displacement.

2

"gaxxAL

150 MPa
25N
maximum displacement corresponding to maximum stress 6,

at the time of impact

= W(h+3§,,,) =
Here, Crox =
W =
Smax =

Opmax L
W\ h+ -1 =
L et
Here, Crox =
L =
E =
A =

putting values in equation,

Omax L

E

2
O mex . Al

E
150 MPa
25N
1000 mm
200000 MPa

§x102 = 78.54 mm?

150 x 78.54x 1000 150 x 1000
2,00,000 x 25 2,00,000
352 mm

0000
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