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DETAILED EXPLANATIONS

1. (c)

The stress induced in metal-1 due to restriction = E,o,AT

So, force required in metal-1 = E;a,,AT X A

Similarly for metal-2, force required = E,a,,AT % A,

So, Total force required = E,04ATA; + E,a,,ATA,
= (Ejo4A, + E;0A) AT

2. (d)
20 kN
) 2 .
| < T ’
20 kN 80 kN-m 40 kKN
A B ¢ D
20 x 4 = 80 kN-m :
20 x 4 = 80 kN-m
BMD
3. (d)

For the given stress condition,

- 2 5 = = 2
c, = +50 N/mm?, o, = 0, Ty = +20 N/mm
Now, principal stresses,

2
Gx t Oy Oy — Oy 2 50+0 50-0)? 2
Oy/p = 5 i\/( 5 J + Ty = 2 i\/( > j +20

= 57, -7 N/mm?
So, o6, =57 N/mm? (T)
0, =7 N/mm? (C)
4. (b)
2 kN/m
p HENEEREN
T Q sl .
| 1m f Im f Im |
BMD |

1
5x2x12=1kN-m
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(d)

av
As we know, - =w
dx
d (. o
= w = E(Sx ) =10x
For midspan, x=1m

So, load intensity, w = 10 N/m

(@)
Moment, I LL|
A 1 B

M_ = Px 0<x<b I B
Pb 0<x<a

M2dx 2 dx  f(Pb)? dx
I2791 j 2EI j 2]

Strain energy

P2y’ P2b2a szz(b )
+ = —+a
6EI  2EI 2FI \ 3

(b)

750Nm  750Nm  250Nm 250 Nm
[<—500 mm—] [<—500 mm—] [<—5000 mm>{

jui
GJ

Angle of twist ¢

Ops = (I)PQ + (I)QR + s
750 x 10° x 500 , 250 103 x 500
= 80x10% x~ x50%  80x10% x - x50%
32 32

+0

10x 1074 x 22 rad = 0.58°
T

(c)
wi*  10%(3000)*

Deflection due to load = = =202.5 mm
eflection due to loa SEI  8x5x 1011
Since gap is only 3 mm.
R
2025-3= —
3EI
(202.5-3)x3x5x 10!
= 3 = R
(3000)
= R = 11.083 kN ~ 11.08 kN
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9. (c)
The tentative deflection for the loading is shown.

]
-
L

So, option (c) is possible.

10. (b)
For a thin hollow tube,
T
Tmax = 24t
For an allowable maximum shear,
Tmax = Tallow x 2Amt
Since, thickness and material is same in both cases,
Tmax = [ZTallow x t] x Am
Also, Weight of section = y x Volume
Tmax _ zrallow Xt ~ Am
Weight Y Volume
T 2
—=xd
4 1

(Tmax / Weight), (A /Vol),  ndyt
(Timax / Weight), (A /Vol.), gx i3

(Tmax / Weight), 41
- (TmaX/Weight)2 Cody 2

So, maximum allowable torque to weight becomes nearly double.

11. (d)
For the given conditions, stress in x and z will be zero as the block in free to expand in x and z
directions. Only y-direction will have stress.
On increasing temperature, free elongation

loAT = 0.1 x 20 x 107 x 150 m

3x10*m

0.3 mm > 0.2 mm

Thus stress induced will be only due to (0.3 - 0.2) = 0.1 mm

3
Stress, 6, = (AZ) E= L3 X E = m N/ m? =70 MPa (Compression)
" l 0.1x10 10
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12.

13.

14.

(a)

As there is a jump at A, there will be an upward load at A.

From A to D, slope of SFD = 0, so no load intensity acts from A to D.
At D, there is the fall so there will be a downward load at D.

P, = -4-

So, only option (a) is possible.
(b)

Axial stress, o =

a

In radial direction, strain is zero.

14 = -18 kN

S0, &= METME
o,(1-u) o
0= -—u—-=
= E E
" F
= c,= —E m
o _ 04 Oy O
Strain in axial direction, €, E u E u £
A _F Lot
= n - Em?| 1-u
0 P
- M= Tn2ET 1-n
(d)
Mohr’s circle for this stress condition is shown below:
Plane x-x T
A (-8,10)

D E
(-18,0) | 300 ?1(-80) 0,0y |F (2, 0)
H(o,-1.,)°
For Oy, in APGF
300 — g
Ccos oG
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OF = ?xlo
OF = 8.66 MPa
6y = OF -8 =0.66 MPa
For 6./, In APEH PE = 8.66 MPa
c,/ = -8-8.66 MPa = -16.66 MPa
For T, , in APEH,
Ty
tan 30° 3. 6y 6
= Ty = 5MPa
So, at plane x"-x’, o, 0.66 MPa
and Tyy = 5MPa
And at plane y’-y/, 6, = -16.66 MPa
And Tyy = -5 MPa
Hence, option (d) is correct.
0.66 MPa
5 MPa
v,
16.66 MPa [—wf 16.66 MPa

15. (a)

SMPa#

0.66 MPa

Apply a horizontal load (Q) at tip.

M, = PRsin 6 + QR (1 - cos0)
oM,
0 - R(1 - cosB)
Q
R(1 - cosb)
ou
A = o=
H T 0Q]o
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Given P
Dia. of cross-section, d

16. (a)

dx

1 M, dM,
EI dQ

Q=0

ij{(PRsine +QR(1-cos8))R(1 - cosB)dx}
EI Q=0

L [*" PRsin6R (1~ cos 6) Rd0
Erlo

PR3 (/2
0

3 .
PR” (n/2 Sine_smze 10
EI J0 2

PR3 cos20 /2
——| —cosO+
EI 4

3
PRO( 1 (1
EI 4 4

sin®(1-cos06)d0

PR’

2EI
25kN, R=4m, E=200x10>N/mm>
150 mm

25%10> x (4000)’
2x200x10% x = % (150)*
64

160.963 mm

Using conjugate beam method.

w/unit length

El

2EI El

Conjugate beam

www.madeeasy.in
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The reaction at A” and B are equal due to symmetry.

1 wl?  ( wI? 2 wl?
R, = =XLX——+| — |[XL+—-x——xL
A 2 EI | 2EI 3 4LI
7wl
6LI

From conjugate beam “Theorem-1":
The slope at any point in a real beam will be equal to shear force at the corresponding point in
conjugate beam.

0, = SFat A" in conjugate beam
L TwD
A e
3
_ 7wL (CW)
6EI
17. (o)
Given differential equation is: X l
d*y T B 8 P
EI—- = P(6-
dx® (8-v)
d’y
EI— = P5-P T ~Y
= de Y
Ly, P, - B ’
- BT E !
iy, 2 2 _ P
- = — | wherea” =—
= a2 Y TR ( EI) B
The solution of the above differential equation T . Y
P

y = Asinox + Bcosowx + 5
To

= Asinox + Bcosouw + 8
Applying boundary condition.

Atx=0;, y=0
: B =-3

dy
Also, J¢ - Aocosox - Bosinox

X

d
Atx =0, Lk =0

dx
= 0 =Aa-0
= A =0
o y = —dcosox+3=3(1-cosox)
Also, at x = L, y =9

8 = d(1-cosal)
= cos oL =0

I = cos cos% cos 2L
= cos oL = 5 or 5, or 5 O, e

© Copyright: MADE EASY www.madeeasy.in
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18.

19.

oL

For second critical load,otL=

P
—XL =
= \VEI

. . P
Squaring both sides, = *xL" =

(b)

For no tension to occur,

Direct stress >

In limiting case,

Direct stress

=

P
D*

T 3n 5n
~ Oor —— Or

2 2 2

9n’El
412

or, ..

Bending tensile stress

Maximum bending tensile stress

P Ey Pex

(D'/6) D/6

(i)

Since column is square and point being on diagonal

From eq. (i)

(c)

For the 60° rosette:

- In plane principal strain

eX

2e

X

ny

e

e, =60 x 107

%(28,] +2e.-¢,)

1

246 x 107°

2 2
—(€&, — €. )=—
\/5( b c) 3
-149 x 10°°

5(2><135><10*6 +2%264x107° —60><10’6)

(135><1o* —264><10*)
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1/2

= €y

Principal stress, o,

Largest normal stress

Largest shearing stress =

20. (a)

& tey & E, 2+ Yy i
2 T\ 2 2
2 2
60+246  ((60-246" ( 149V | |
2 2 2

[153£119.2]x10°°
2722 x 106

= 33.8 x 10

rerne)
200%10°
1-(03)
62.05 MPa ~ 62 MPa

(272.2>< 107 +0.3x33.8x107° )

E
-2 (e +1ey)

3
M(gg.s;x 10 +03x272.2x107°)

1-(0.3)
25.4 MPa
62 MPa

62-254

%170 _ 5~ =183 MPa

2

______________

a/2

(Due to direct load)

(Due to eccentricity)

Maximum compressive stress at section mn is given by

© Copyright: MADE ERASY
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I
T A1
a
__p Py o 2P oepa
( aj 1 (af 4 22 16at
ax Aol e
2) 112712
_ 2D _6P_ 4P _ 4—(Com ressive)
A2 @  a P
21. (b)
6 =
From the figure,
as = 2P
- AE

Centrifugal force on differential mass dM,
dP = dM- w’x = (pAdx)w*x

Aw’xdx ) x
i - PAO)x
AE
w2 ] g L
3 = p—fxz.dx:p—{—}
E 3 E |3 )
2 273
PO 3 37_ PO L
= —|[-0|=——
= ® 315[ | 3E

Alternate Solution:

| [

~ |
dx

m, = pAx
Distance between the C.G. of mass to the centre of rotation,

www.madeeasy.in
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x
Centrifugal force, F = mxwzi‘ =pAx (wz )(L - Ej

Element elongation, do =

AE AE
pw2 L—%
as = x.dx
8 E
2 2 2 3L 272 43
Lpw X pw L X pw | L~ L
i = |2 r-= S i et N st ==
Total elongation, d JO E (L 2jxdx E [ [zJ [6 )J 5 { > 6
272
L
5 = 22
3E
22.  (b)
otal load = 2l 2 o 5
1
By symmetry, R, = R,= EXTotal load
_ w,L
N Ro= ey

Bending moment at B,

(M) = R“E‘E”OXEXE[E]

g
=,

SFD

BMD

© Copyright: MADE EASY www.madeeasy.in
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23. (b)
Since section is symmetric about x-x and y-y, therefore centre of section will lie on the geometrical
centroid of section.
The semi-circular grooves may be assumed together and consider one circle of diameter 60 mm.

80x(100) m

= 2 (60) = 6 mm?*
L, 5 = (60)" =6.03 x 10° mm

So,

Now for shear stress at neutral axis, consider the area above the neutral axis,

4x30
3n

= 100000 - 18000 = 82000 mm3

Ay = [80x50%25]- 3(30)2 x

b 20 mm

VAy 20x10° x82000

S0, TS T 60x10°x20  1>60MPa

24. (b)

I b I
Shear stress at ‘)’ distance from neutral axis.
_ e
T on
d
_ (d 2 Y
Where Q= Ay=|--y bxjy+
2 2
d 5Ty
= - b
= Q (2 y} 2
£_p
= C=1%77 ]2
W
=1
2
\¥% i_y2 b
SO T = 4 2 =ﬂ ﬁ_ 2
/ b’ 2 4 Y
—xb
12
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Now shear force carried by elementary portion
dF = tdA
thdy

6v(d* ,
= —| ——y*|d

So, shear force carried by upper 1/3" portion:
anev(d
F = fd/é ?(Z_y ]dy

6_V_d2 }/3 d/2
T4 3

|42 24 46 216x3

6V|d*d d&° d2d+ 4 }

6V _7d°
= —X—-
d® 162
I
- 27
25. (b)
Let, p, = Load shared by steel rod

P. = Load shared by copper rod
Taking moments about A,

P x1+P x3 =20x%x4
= P +3P. = 80 (1)

Now deformation of steel road due to load P, is,

Pl P,x1x10°

- = -=0.025x10"P,
s~ AE, 200x200x10

dl

And deformation of copper rod due to load P, is,

Pl P.x2x10°

- = +=0.05x10"P,
c A.E. 400x100x10

dl

From the geometry of elongation of the steel rod and copper rod,

™

3l

I<—1m4>T
A !

3m |

P
a,

B
l 20 kN

© Copyright: MADE EASY www.madeeasy.in
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= 3l = 34l

C S
= 0.05 x 10 P_ = 3 x 0.025 x 103 P,
= P, = 15P,

Substituting this in eq. (i)
P.+3(15P) = 80

= Ps = 145 x 10° N
P, 145x10°
So, stress in steel rod, o, = AT o0 72.5 N/mm®
26.  (d)

The deformation of the beam will be as shown below.

Now AC, is produced due to deflection of C as caused due to deformation of AB,

AC, = 0, (BC) = 04a
o - Mul_Pal
B~ 3F] 3EI

AC = Pala _ Pa’l
1 3EI  3EI

AC, is produced due to deformation of BC

AC,

_ Pa®
AC, = E

So total deflection at C,AC = AC, + AC,

Pa’l | Pa’
3EI  3EI

27.  (b)

P 2AEh
Stress developed in the bar, ¢ = n 1+ 1+T

www.madeeasy.in © Copyright: MADE ERSY
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15x10° 2x2500%200x10° x10
_ 1+,/1+ 5 3
2500 15x10° x3x10

6[1+14.9]=95.4 N/mm?
We know that volume of bar, V = 1A

= 3 x 10° x 2500

= 7.5 x 10° mm?

2 2
oy (95.4)

—V=—""x75x10° Nmm
2E 2x200x10

- Strain energy stored in the bar, U =

= 170.6 Nm

28. (o)
As the shaft is subjected to pair of equal and opposite torques T applied at its ends.

The diameter of shaft at distance x from smaller end is
(2D-D)x _ D
L L

D, = D+ (L+x)

Corresponding polar moment of inertia,

nD! n D*

= =——_(L+x)
L= Ty Y
Tdx
The angle of twist of the element, do = G_]x
T %Lt
- 49 = G| ap? (L+x)*

The total angle of twist 8 over the entire length is,
L

32714 JL dx 32714 { 1 }

= 76D (L+x) T nGD'| 3(L+x) |,
_%2rL' 7 28 TL
nGD*  24I° 3mnGD*
29. (a)
. _ou, U,
Shear strain, Yoy = 3y o
-2 -2 _
= (6y+0)x1072| = (6yx10 )‘(1,2,0)‘0'12

© Copyright: MADE EASY www.madeeasy.in
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30. (¢)

BM at B

BM at mid of BC =

ou
T (6y +0)x 1072 = 6y x107|

0z

dy

ou, oU.
_+_

0z

(0+16x)x 107 =16xx 10|

—2wl?

—w x (2.51)?

ox

(1,2,0)

+ (2.5wl)é = -1.875wl*

So, BM doesn’t change sign throughout the beam.

B

A : 1
: >
! -1.875 wl
2

Alternative:

So, for given condition,

and
B.M. at support

=
2

Both value is -ve one.

-2

I

N e

BMD

—w(21)?

A A
a 1 a
wd' _ wi )
8 2

2 !
owl Y 18wl )
= 2]
=]
= - Qwl?

Hence no point of contraflexure in the beam.

=0.16

D

120 = 012
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