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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;o, AT x A,

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

So, Total force required = E,o4ATA; + E,a,,ATA,

= (E,044, + E,0A,) AT

2. (d)

3. (d)

For the given stress condition,

20 kN

40 kN

20 x 4 =80 kN-m

[s~]
R 1)
>

20 x 4 =80 kN-m
BMD

6, = +50 N/mm?, G, = 0, T, = +20 N/mm?
Now, principal stresses,

Gy1/2

So, ©,=>57N/mm? (T)
6, =7 N/mm? (C)

1. (b)

2
ox+0, |(06x-0y > 50+0 . |[(50-0}> .
= + +Tyy = * 20

= 57, -7 N/mm?
2 kN/m
T é RN

1
§x2x12=1kN-m
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(d)

dv
As we know, - =w
dx
d (-2
= w = E(5x ) =10x
For midspan, x =1m

So, load intensity, w = 10 N/m
()

Moment, I
M_ = Px 0<x<b AI
Pb O0<x<a

IM,%dx_j( x)? dx J-(Pb)zdx

Strain energy = 2E] 2EI 2EI

P2p3 P2b2 _ P (b )
+ = +a
6EI = 2EI 2FI \ 3

(b)

750Nm  750Nm  250Nm 250 Nm
[=—500 mm—| [<—500 mm—| [<—5000 mm>]

Tl
Angle of twist ¢ = GJ

Ops "’PQ + q’QR + Ops
750 x 103 X500 250 103 x 500

= 80x10%x - x50* 80x10% x — x50%
32 32

+0

= 10x107* x 32 rad = (.58°
T

(c)
wi*  10%(3000)*

Deflection due to load = = =202.5mm
eflection due to loa 8EI  8x5x101
Since gap is only 3 mm.
RP
2025-3 = —
025-3 AL]
(2025 -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.

So, option (c) is possible.

10. (b)
For a thin hollow tube,
T

Tmax = 24t

For an allowable maximum shear,
Tmax = Tallow x ZAmtL

Since, thickness and material is same in both cases,
Tmax = [2Tallow x t] X Am

Also, Weight of section = y x Volume

Tmax 2010w Xt % A
Weight Y Volume

(Tmax / Weight ), (Ap/Vol.),  mdyt
(Tmax / Weight), (A /Vol), T B3

_ (Tmax / Weight ), _ 4 _1
(Tmax / Weight)2 dy 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
I0AT = 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
A 1 70x1
Stress, 6, = (—l) E= 0—3 X E= % N/ m? =70 MPa (Compression)
W l 0.1x10 10
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12.  (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, = -4-14=-18 kN
So, only option (a) is possible.

13. (b)
. F
Axi , =——
xial stress o, 2
In radial direction, strain is zero.
% _,%_,%
5o/ “TF METME
o,(1-n) o
0= -~~~/ _y-4
= E"E
)
= o=
o 1-plw?
o _ % _,% 0
rain 1n axial direction, €, E u E u E
VR P o
= W~ Emnr? 1-pn
__Fh 3 2u2
= AR = anE 1-u
14. (d)
Mohr’s circle for this stress condition is shown below:
Plane x-x T
A (-8,10)

D E s
(18, 0) ; 300
H(,~1,,)"
B(-8, -10)
Plane y-y
For Oy, in APGF
300 — %
cos = 0G
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OF = %xlo
OF = 8.66 MPa
6y = OF -8 =0.66 MPa
For 6/, In APEH PE 8.66 MPa
o,/ = -8-8.66 MPa = -16.66 MPa
For T, , in APEH,
. . Ty
an 30 3.66
= Tyry 5 MPa
So, at plane x’-x’, oy 0.66 MPa
and Ty 5 MPa
And at plane y'-y/, 6, = -16.66 MPa
And Tery -5 MPa
Hence, option (d) is correct.
0.66 MPa
5 MPa
v,
16.66 MPa I—wc 16.66 MPa

15. ()

5MPaﬁ17

0.66 MPa

Apply a horizontal load (Q) at tip.

M, = PRsin 6 + QR (1 - cos0)
oM,
0 - R(1 - cosb)
ou
A = =
H 1510) 00
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dx

- M
EI dQ

Q=0

= = ["*PRsinOR (1 ~cos0) Rdo
El o

PR3 (n/2

A, = sin®(1—cos6)d0

H EI 70

El 70

= | —cosO+
EI

PR® c0s20 )"/ 2

0

3
PR o1 (01
EI 4 4

PR®

2EI

Given P =25kN, R=4m, E=200x10°N/mm?

Dia. of cross-section, d = 150 mm

25%10°% x (4000)°

3 .
PR n/z(sine— sn;ZG)de

Ay = 2x200%x10° ><6LZ><(150)4

= 160.963 mm

16. (a)
Using conjugate beam method.

w/unit length

El 2EI

- éj{(PRsine+QR(1 —cos0))R(1-cos0)dx}
Q=

0

El

Conjugate beam

2EI 2EI
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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 4EI
7wl
6EI

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
. pr _7wL3
4 6EI
3
_ 7wL (CW)
6EI
17.  (c)

Given differential equation is: X

d*y T B 5 P

El— = P(86-
de ( y)
d’y
El— = P§-P T ~Y
= de Y
&y P _ P :
- i BT H x
iy, P »_P
ZJ 4 = — | where o* =—
= w2 Y T E EI B
The solution of the above differential equation - T - Y
P

y = Asinowx + Bcosowx +

= Asinowx +Bcosoux + 9
Applying boundary condition.

Atx=0; y=0
: B = -8

dy
Also, Iy = Accosox - Basinox

X

dy
Atx =0, i 0
= 0=Aa-0
= A=0
- y = —dcosoux +98=3(1-cosox)
Also, atx =L, y =29

d = d(1-cosal)
= cosaL = 0

I = cos~ cos% cos@
= cos oL = 5 or 5 or 5 O

© Copyright: MADE EASY www.madeeasy.in



16 | CivilEngineering

MADE EASYH
Leading

Inetitute for IES, GATE & PSUe

18.

19.

,_m on 5w
= o = 5 or 5 or 5 or, .
3n
For second critical load,olL= 5
P 3n
—XL = —
= VEI 2
Squaring both sid LAV
quaring both sides, 7, =
9n*El
= P ==
4L

(b)
For no tension to occur,
Direct stress > Bending tensile stress
In limiting case,
Direct stress = Maximum bending tensile stress

P Pey Pe
& 4+ —x .
= D2 = (D3/6) D3/6 (1)
Since column is square and point being on diagonal
‘ e, = ¢
D
From eq. (i) 2e = 5
D
= e = 15
e = Jei+el
DY (DY DY
12 12 12
_ ~N2D
12

(c)
For the 60° rosette:
g = ¢e,=60x10"

e = %(Zf:b +2e.-¢,)

= %(2><135><10*6 +2x264%x107° —6O><10‘6)

= 246 x 106
2 2 -6 -6
Y, = ﬁ(eb—ec)=—3(135x10 ~264x10°°)
~ -149 x 10°°

-~ In plane principal strain

www.madeeasy.in
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€12

= €1/
&
&
Principal stress, o,

Largest normal stress

Largest shearing stress =

20. (a)

€, +8y + €, —Sy > N ny >
2 2 2
2 2
60+246  [(60-246 Y ( 149 |
2 2 2

[153£119.2]x107°
2722 x 10

= 338 x10°

1-1 (g +ue,)
200x10°
1-(0.3)
62.05 MPa ~ 62 MPa

(272.2>< 10 +0.3x33.8x107° )

22 (g2 +ue)
200x10°

———(338%107° +0.3x272.2x10™°)
1-(0.3)

25.4 MPa
62 MPa
2 2
| a
i a/2
______________: m - —_———— n
p
(Due to direct load)

(Due to eccentricity)

Maximum compressive stress at section mn is given by
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P Pe
AT
L
_ P "4 a 2P 9P&
(axa) a (a)3 4 7@ 16
7>< N
2 127\ 2
_ 2P _6P_ 4P 4—(Com ressive)
e 2 a P
21. (b)
§ =
From the figure,
as = aPx
- AE

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

ad =

3L

pe’ 2 _pa’|x
R L Y

0 0

N § = ﬁ[ﬁ_(ﬁ]:&zﬁ

3E 3E
Alternate Solution:

Ké)w

e

| —
! dx

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

www.madeeasy.in
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x
r = L_E
X
Centrifugal force, F = mxw2r=pr(w2)(L—§)
X 2
Axp(L—)w dx
Element elongation, dd = F;’lx= 2
AE AE
pw2 L—%
s = x.dx
E
2 2 2 3L 2712 13
L pw X pw L X pw-| L~ L
i = [ -2 SRk I [ I o i
Total elongation, d IO E (L 2)xalx E [ (ZJ (6 )0] E [2 5
5 = pw?I?
3E
22.  (b)
otal loaa = 5l 2 o >
1
By symmetry, R, = R,= ExTotal load
= R, = R2=wT°L
Bending moment at B,
M) = RiX———wygX=X—-| =
(M) ) L 1 . L 2(L
B 2 2 2 32

£
=

SFD

BMD
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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)°

I
So, Lo = =1 gz (60)" =603 x10° mm*

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

[80><50><25]—g(30)2><4><30

=100000 - 18000 = 82000 mm?3

Ay

b

20 mm

VAy _20x10° x82000

So, T T 603x10°x20 00 MPa

24. (b)
I b I
Shear stress at ‘)’ distance from neutral axis.
_ R
T
d
_ (d 2
Where Q= Ay=|--y|bx|y+
2 2
d 7Y
= - b
= Q (2 y) 2
e
= Q=1277 |2
b
I'="12
2
\% i_y2 b
: I WA R A
o bd’ ]
—xb
12

www.madeeasy.in © Copyright: MADE EASY
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25.

Now shear force carried by elementary portion
dF = tdA
thdy

6vV(d*> ,
= —|—=y*|d

So, shear force carried by upper 1/3" portion:
anev(d
F= Id/6 dT(Z_y jdy

6V d? yj

= P#la’ 3

|42 24 46 216x3

6Vid?d 4 4*d &P ]

6V 7d°
= —X—-
d° 162
LT
-7
(b)
Let, P, = Load shared by steel rod

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

P x1+P x3 =20x4
= P +3P_ = 80 (1)

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

Pl;  Px1x10°

- = =0.025x107°P,
s~ A.E, 200x200x10° |

dl

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

P, P.x2x10°
¢~ A.E  400x100x10°

51 =0.05x107°P.

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

I<—1m~>T
A !

3m |

P
5 B
l 20 kN

S
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= 3l = 38l

C S
= 0.05 x 1073 P,
= PC

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

15 P,

= P, = 145x10°N
P 145x10°
So, stress in steel rod, o, = A_=2—00
26. (d)

3 % 0.025 x 103 P,

=725 N/mm?*

The deformation of the beam will be as shown below.

X fe—— 1 ——
A Oy ~B C
(§)

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

AC, = 0, (BC) =041

o = Mgal_ Pal
B~ 3FE] 3EI

Pala  Pa’l

A = 3T 3E

AC, is produced due to deformation of BC

P
A B lc
AC,
2 3EI
So total deflection at C,AC = AC, + AC,
B Pazl_l_ Pa®
3EI 3EI
27. (b)
P 2AEh
Stress developed in the bar, ¢ = A 1+,/1 +Tl

www.madeeasy.in
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15%x10° 2%x2500%200%10° x10
= 1+,)1+ = -
2500 15x10° x3x10

6[1+14.9]=95.4 N/mm?

We know that volume of bar, V = [.A
= 3 x10% x 2500
= 7.5 % 10° mm?3
c? (95.4)°

<. Strain energy stored in the bar, U = —V =————+—-x7.5x10° Nmm
2E 2x200x10

= 170.6 Nm
28.  (¢)

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

D, = D+——7T———E{L+ﬂ

2D D, D

X I

Corresponding polar moment of inertia,

nD; = D* 4

= Tx-—Z (L+
b= g T mp Y
Tdx

The angle of twist of the element, ae = GJ.

T %l
= 4 = G|t (L+x)*

The total angle of twist 6 over the entire length is,

L
321! IL dx 321 1
9= 76D o (L4 x)* T 7GD*| 3(L+x)

0

32TL* 7 28 TL
4 X 37 4
nGD* 24’ 3nGD

29. (a)
X _ aux +a&
Shear strain, Yoy = ox

Py
(6y+0)x107%| = (6yx107) =012

© Copyright: MADE EASY www.madeeasy.in
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ou, ou §
_ ou,  ou,
Ve T 7oy dx

= (0+16x)x102 =16xx102| =016

(1,2,0)
30. (¢)
BM at B = -2wl?
_ 2
BM at mid of BC = ZwX(230)7 (2.5wl)é= -1.875wl?

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

B

A : .
! >
! ~1.875 wl
2

Alternative:

N e

2wl
BMD

A A
I a 1 a 1
| | wd _ wf |
! i s 2 !
s e e
. +ve i i -ve '
! w\ | ] !
X 2 i ! i
| N N\ |
2wl ' -1.875wl |
So, for given condition,
a = 2]
and I =1
B.M. at support
2
—w (2]
N —w@)” 212

2

Both value is -ve one.

Hence no point of contraflexure in the beam.

D

20 = 012
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