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DETAILED EXPLANATIONS

1. (o)
Proof resilience = Total strain energy upto elastic limit
2 2
T 250 3
= —x Vol =—————x50" =48828.125 N
26" e T 2% (80000) o
= 48.828 N-m
= 49 N-m
2. (b)

For equal area,

%cﬁ g(dg -d?)

iy
Il

- d?=d3 -d;
2 2 2 2
7, L d/2 =(d2—d (83 +d?)
7 d} dydy
d,/2

(d§ +d2) (d§ +d3 —d%) 22 -

dydy dydy i
3. (d)
P
) S
0 - pI?
max1 16EI
;Total load = P
R
max2 24EI
11
% decrease in maximum slope = Omax1 = Omaxa x 100 = % % 100% = 33.33%
max1 i
16
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4, (b)

From Mohr circle,

6, =100 MPa, o, = -20 MPa

_ G1 =02 |%1] |92]]| _ _
Absolute T, = max[ B } = max[60,50,10] = 60 MPa
5. (b)
4 mm = oLAT —%L
4 = (10x10)x10* AT -—20__y10%
200x 10
AT = 50°C

Thus, rod is to be heated upto AT + 20 = 70°C
6. (b)

In triangular section,

For triangular cross-section,

3
Tmax = ETan
4
and, TNa = gravg
8 8
= TNA=§TmaX=§X9=8MPa

7. (d)
€,=€p=€,=530x10"°

Ec=e90°=ey=—80><10‘6

€, +€ €, —€
(e) | —L |+ = c0526+yﬂsin6
nJo 2 2 2

Vxy [ . _
(€1 )oesss =€ =225 x 1070 + 305 x 10" cos90° + %(sm 90°) = 420x107°

Yy, = 390 x 10

2 2
€ty [€x—Sy +yﬂ
€127 o 7 2 2
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2 2
_ {5302—80 . \/(530;80) +[%) }x10‘6=[225i362]x10_6

o, €4,=587 %107, -137 x 107
8. ()

When thick cylinder is subjected to internal pressure “p’, hoop stress (tensile) develops which is
maximum at inner radius and minimum at outer radius hyperbolic. The radial stress (c,) develope
which is compressive in nature and has maximum magnitude at internal radius and varies hyperbolic
to zero value at outer radius.

The longitudinal stress developed is tensile in nature and remain constant along the length of

cylinder.
9. (a)
E =300 x 1000 N/mm? y _t
/_ max 2
_2. ilmm Lotz Fo---
ymax 2
R = &200 =1000 mm
(6) = EYmax _ EYmax _ EYmax
b/max Rl R +£ R
2
3
= M =300N/ mm?
1000
10. (a)
Internal hinge
ACYY Y'Y YN\ B D
T

* At point C, there is an internal hinge, bending moment, BM = 0 and hence it will become a
point of contraflexure.

* Between A and B, beam is subjected to uniformly distributed load, so the variation of BMD
will of second degree. Similar BMD will be represented in between C and D.
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11. (a)
At section A,
Bending moment , M =400 x 1 =400 N-m
Torsion, (T) = 400 x 0.75 = 300 N-m

The principal stresses at top extremity of the vertical diameter, at the section A

o . = 1—63(Mi\/M2+T2)

L2 nd
S (400J_r\/4oo2 +3002)><103
7(100)
o = —20 400+ 500)= 458 N/mm>
17 x(1000) '
o. = L(zloo ~500) = —0.509 N/ mm?
27 1x(1000) '
12. (¢)
__Fb
1T (a+b)ky i
- 2
F-a x g
X, = —m88 1
2 (61 + b)k2
(xp—x1)  xb+xpa
= + =
X =T a+b
F v a2
(a+b)" )\ ki ko
Lo F_| (a+ b)2
q x | g2 p?
R + R
ky Ky
13. (c)

Since portion BC is rigid, BC will remain straight

Je B

e

pr’ PL* _5PL
3EI 2EI 6 EI
pL® P> _ 3P
2EI EI 2 EI
Deflection at C = Deflection at B + Slope at B x L

Deflection at B =

Slope at B =

_5PC 3PI

7 P13
6 EI 2 EI

L=12=
3 EI
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14.

15.

16.

(c)

4
b I_2Xﬁ= dy
R 3L 4

X(L_l)z _(08)?

L) (1.1)?

=0.338

Percentage decrease = (1 - 0.338) x 100 = 66.148% =~ 66%

(c)

For sections AB and CD, the beam may be modeled as

R,

M(x) is linear with respect to x.
For section BC, the beam is modeled as

A A

Vp Ve

M(x) is parabolic, reaching a maximum near or at the center.

(a)
Given, a biaxial stress system,
o, = 100 MPa, o, = 60 MPa

For maximum obliquity of the resultant with the normal to a plane is given by

o, _ [100
o, Ve =12

tanb =

or 6 = 52.24°
Direct stress, 6, = 0,cos0 + G sin’0

= 100c0s252.24° + 60sin252.24°

= 100 x 0.375 + 60 x 0.625 = 37.5 + 37.5 = 75 MPa

1 in26

Shear stress, Ty = —E(Gx -0y )sm

= _%(100 - 60)sin104.48° = _ 19.365 MPa
Resultant stress, o, = \/53 + T% = \/752 +193652 =77.46 MPa
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17.  (b)

Let the left support C be at a distance x meters from A.

30 kN 50 kN

6 kN/m
C D
A A A b
x 12m R, ‘
C
20 m |

Now, R- = R, (Given)

2V =0
R-+R,-30-6%x20-50 = 0
= 2R- = 30 +120 + 50
= R. = 100 kN
: Ry, = 100 kN

M, =0
100x +100(12 +x) -6 x20x10-50x20=0
200x = 1000
x =5m
18.  (b)

Under water, the solid will be subjected to hydrostatic pressure (compressive) of equal magnitude
on all sides as shown in figure. In the three principal directions, the strains will be

(6
gx = E(l—Zu)=8y =€Z

o,=p
y
-~ 0x=p x
V4
o =p
Therefore,
3p
e, = €t te = E(l—Zu)
0.05 3p
i - 2P
Change in volume, ¢, 100 E ( w)
_005  E_ 005x200000 o )
P'= 900 " 3(1-2u) 100x3(1-2x03) /mm (1)
Pressure at any depth, p = wh = 10,080h N/m? (2)

From eq. (1) and (2) we get,
10,0801 = 83.33 x 10°
= h = 8267 m
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19.  (¢)
Impact loading
d = Max. instantaneous extension = 1.25 mm
W = Mg =60 x 9.81 = 588.6 N
§ 2.05x10°x1.25
c = E=-= 3 =102.5 N/mm?
L 2.5x10
Now potential energy lost by weight = Strain energy stored in bar
W(h+39d) = G—ZXV
2E
2
102.5
or 588.6(1 + 1.25) = (—)5{5(40)%2500}
2x2.05x10° L4
or h+125 = 136.78
= h = 136.78 - 1.25 = 135.53 mm
20. (o) ey
T
G dz(2r) = Ip(rdﬁ)dzsine A
Y 0 A X
9,
Y
26 = pfsinedezp[—cose]g z
Y
0
c, =p
Due to symmetry, o, = G, =P
There will be no shear stress.
(Gx’ Gy’ Txy) = (_p’ _p’ 0)
21. (a)

M
/\ ,’)IC
N
R, * R,
M M
R, = T Ry = T
. Mxx
At any section, M, =M -Rx=M- L
0, = u Madex Modified castigliano’s th
4 = M El oM (Modified castigliano’s theorem)
oM, x
= 1__
and, oM ( L)

www.madeeasy.in

o Copyright: MADE EASY



[ MADE EASYH

Indig’s Best Institute for IES, GATE & PSUs

m « Strength ofMateriaIl 17

Hence,

22.  (b)
T . (iN plane)
Tmax
Gav g.

23.  (¢)

Let forces in spring (1) and (2) be R, and R,

M,
= R1XL+R2X2L
= R, +2R,

d
From similar triangle, T

= 25

Al 81_& 6_&
N D YS

Putting in equation (ii)

R;
= 3R,
= R

1

ML
3EI

25-(-50))* . »
\/[T) +30% = [3752 1 302

2
Oy —Gy 2

48.02 MPa ~ 48 MPa

0, +0, 25+(-50)
22

=-125MPa

|>| ¢ B
0 A P r
J2

P 3L P
_X_
2

V2
3P

232
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24.

25.

26.

(b)

M/EI

M,/EI

L/3 L/3 L/3 *=L

/340
N

~1/3 L/3

T\LAE

L/3

Maximum deflection occurs at X = E

M
d_ .. = Moment of area of I diagram between x = 0 and X = 5
My L)_5
=7 X 5 X D) L (Moment is calculated about x = 0)
_ 5 Ml
72 El

(a)

Deflection of cantilever beam at free end.

1. Due to uniform loading, w

4
A = ML
8EI
2. Due to a point load, P
5
A, = —
3EI

Here P is the spring force (F,)

Net deflection due to superposition, s is

s = Al - A2
F wL4_FsL3
k 8EI 3EI
3kwl*
F =

S DAFEJ +8kI3

(a)

d*v M
o OE
dM B
E = F
dF B
A 1
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From above three relations, we get

o = A0 de a(v)

or =—
EI dx? EI
27.  (a)
n?El
Pcr = LZ
Since A, E, L are same.
P :P,:Py=1:1:1
1. Circle
P
64 4w
2. Square
e
12 12
3. Equilateral triangle
I = NELY
96
I A3
or =
18
7 213

cPy =00 =1:§: 5

(Since all 3 cross-sections are symmetric, every centroidal axis has the same moment of Inertia).

28. ()
For a rectangular strain rosette
e, = €p =400 x 10, &, = £g, = - 100 x 10°

and Yoy = 2850~ €, ~ g,

Voy = 2 x 200 x 107° - 400 x 107 + 100 x 10~ = 100 x 10-°
1 1 2
Principal strains, €, &, = E(Ex tE, )iE (Ex _Sy) +ny2
-6

10 S
= T[(400—100)¢\/(400+100) +100 }

= 404.95 x 107° and - 104.95 x 107°

Principal stresses

E(uer +£1)  210000(-0.3x104.95 + 404.95)x10™°

I T 1032 = 86.2 MPa
E(ue; +¢) _ 210000(0.3x 404.95 —104.95)x 10~ -
2T 1-0.32 =3 a

© Copyright: MADE EASY www.madeeasy.in
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29. (a)
Strain energy due to torsion,
oo
~2G]
Strain energy of portion AB,
T3 %
o = o)
Strain energy for portion BC,
2(L
(Ta~T5) >
u, = =0
2GJ
Total strain energy
us= uab + ubc
100° (15
u= ) 7| & |= 0.5859 N-m
2x80x10° x80000x 1072 2
or U = 585.9 N-mm
30. (b)
XF =0,
= H, =P
M, =0
= Vpxl = Px<
p
Vg = E _C P
F, =0 M, Y
Y Myttt 12
P ! B
= Vy = Vg= 5 A :
H, -
Strain energy stored by the bracket, ,
U = Uyp + Upc Va Vs
1/2 Af2 x 2dx 1/2 (p )2
_ j-M,%dx_I_ /f Mydyzj 2 )™ /f (Py)” dy
o 2EI o 2EI 2EI o 2EI

! 1/2
8EI| 3 2FI| 3
0 0
p2 Xls . p2 (1/2)3 B P2 . P23
8EI" 3 6E]  24El 48E]
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Horizontal deflection at C,

u_o[pr
oP 0P\ 16EI
2P

16EI

o
8EI
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