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DETAILED EXPLANATIONS

1. (d)
C D
Steel
A B
Brass
50 kN
(Gmax)brass = (G)AB
3 -4
. o, = 50 x 10 +8500><9.81_;<50><10 X5=10.42MPa
max/ brass 50 X 10
~ 50x10% +8500 x 9.81 x 50 x 10~ x 5 + 7800 x 9.81 x 10 x 60 x 10~*
(Gmax)steel 60 x 10—4
= 9.44 MPa
2. (d)
The resultant couple acting on the beam due to end loadings is
M M ) _
= 537 % (anticlockwise)

It must be in equilibrium by another couple generated by the vertical reactions at B and C.

M
Rx|] = —
6 fe— a —] fe— a —]

R M
= = —
ol A B C D
M M
2 3

Shear force between B and C

R R
= R= M_ Constant
6l
Bending moment between B and C
- + Mx is taken f B
= "5 T (x is taken from B)

. Bending moment is linearly varying between the supports.

3. (d)
The shear centre for any transverse section of a beam is the point of intersection of the bending
axis and the plane of the transverse section.
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1. (d)
For the given SFD, infinite number of loading diagrams will be possible. e.g.

o
\

allat
NG

Similarly, infinite number of concentrated moments are possible and all will have the same SFD.

5. (b)
Given: D =10cm, d =1 cm,
D
Spring index (c) = i 10
Wahl's correction factor (k) includes both direct shear and curvature effect

4C-1 0615 4x10-1 4 0.615

- + = =1.1448
= ko = 3c-2tC 4x10—-4 10
6. (a)
T
tan 26p = —¥
1 O,.—0O
x y
3]
1 _1 2)((_5)
Gm = Etan ( 5.5
- 1ta -1(io)=1x—73.3:—36.65°
2 3 2
and 0,, = 0, +90=-36.65+90 = 53.349°
7. (b)
We know that,
. 9KG
© 3K+G
= 3KE + EG = 9KG
N 9KG - 3KE = EG
= K(9G - 3E) = GE
« - GE 120x42
= T 9G-3E 9x42-3x120
= 280 GPa
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8. (d)
A beam is said to be of uniform strength, when bending stress is same at every section, along its
longitudinal axis.

9. (c)

As we know that, for a beam
[Area under BMD from A to B|

0 =
B/A I
For beam fixed at both ends
0, = 0;,=0
[Area under BMD|
So, Op/a = 0= I [EI = 0]

= So, sum of area under BMD will be always equal to zero between the two fixed ends.

10. (d)
Effective equivalent length,
L _L
¢ 3
n’El
As, Pe = LZE
_ m’El _9n’El
©(L/3)*  TI?
11.  (b)
C T P
H=3m
LM
A AT
1B
_\_— L=5m Aﬁ
A
RA

Here, maximum rotation of joint B is asked but concentrated moment at B is not present. So,
assume a dummy moment M at B.
Consider equilibrium of bracket:

PxH+M = R, xL

)

R, I

The total strain energy due to bending of the bracket:

PH+ M) 2
T(Px)z dx I L b PPH T PPH?2* + M + 2PHMx? | |
, 2 2EI ~ 6EI g 2EII?

r’a® p*E%® MPI32 2pHMI®
+ 7t 7+ 7
6EI  6EII*>  6EIL 6EIL
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12.

13.

Differentiating with respect of M and putting,
M =0, we get,

2PHL _PHL 20x10°x3x5
B~ 6El  3El  3x5x10°

0.02 radian = 1.146°

(b)

— dx e~

AT(x)

Here the temperature is varying non-uniformly so take a small element of length dx at a distance
of x from A.

Expansion due to temperature variation:
(dS); = a(AT)dx

2
AT, (1 - L—Z) dx

& x? L 2
8, {ocATo(l - L—ZJ dx = ocATO(L - 5) = JOAT,L

This expansion is restricted by the supports.
So, by equation of compatibility,

8T+ (SL)reaCtions =0
2 RL
= gocAToL+E =0 (R, =R, =R)
2
= R = —gocATOAE
2
= R = gEAO‘ATo (Compressive)
R 2
Thermal stress, 6, = e gEocATO

(b)
The radius of curvature (R.) of the bent wire is the distance from the centre of the drum to the
neutral axis of the cross-section of the wire.

d
R- = R+—
< 2

From bending equation we have,

www.madeeasy.in © Copyright: MADE EASY
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Re

M E
I

El _ EI _ 2FI

M R T R4 2R+d
2
T 4
v - 2E><6—4><d _ nEd R
o 2R+d  32(2R+d) e
Maximum bending stress,
M
(O max = 7,’ Z = Section modulus
_ _mEd* 32 Ed
Ovmax = 3202R+d) " 7d®  2R+d Ans.

14. (b)
31/4 P

For AB:

Taking moment about ‘A’

3l
= Px—
Fx] 1
P3P
4
For BC:
RE
B C

This is a cantilever subjected to one concentrated point load at the end and a uniformly distributed

load ‘w” throughout.

5 FI3 . wi*
SO, = — T
B~ 3EI 8EI
3p 3
4 wl* P wh
5, = + = +
B 3E]  8EI 4EI S8EI

o Copyright: MADE EASY
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15.  (d)

dXX =
AXX =
. T 2
[Let the area at the fixed end, A = Zd ]
3
B Anx  YAx
P = V=3 =37
So, axial loading diagram is cubic parabola.
Py _wx
(Gaxial)xx - Axx 3
_ YL
(Gmax)axial = 0a _?
r L (P )dx
(OL) o = = [
conical bar ,[ ( Stl‘lp) _[ AE,.
L
(YA x
(5L)C0nica1 bar ,[ ;x A, E
2
= IE
3E 6E
Under self weight, stress is independent of area so where the load is maximum, stress will be
maximum.
16. ()

From the given figure, for x face:
o, =20 MPa, 6, =30 MPa, 1, =40 MPa, 6 = -30° (A.C.W,)

(20+30)+[20—30
2 2

-12.14 MPa

)COS(—60°) + 40 x sin(-60°)

For y face:

www.madeeasy.in © Copyright: MADE EASY
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!= (30 * 20) + ( 30 ; 20) cos(—60°) — 40 x sin (—60°)

Gy = 5
= 62.14 MPa
y (20 30) sin(=60°) + 40 x cos(—60°)

15.67 MPa

17.  (b)

Maximum shear stress in the shaft:

The net torque acting on the shaft is
1 tL

—XtXL = —
2 2

tL
So, the reaction torque at ‘A’ = 5 in opposite direction.

tL
Maximum torque = 5 (at A)

.. Maximum shear stress in the shaft

16T 16xtL _ 8tL
Tmax = nd® 2xnd® md®

Angle of twist of the shaft:

: I N
AVVIVAVVIV \N

X t Nm/m
1] (I1)
Consider a section x-x on the both shafts of length ‘dx’.

T dx  32(tx)dx

—
-
-
S
B
5
B8

do), = = (T, = tx
o j-32txdx 16t
I . Gnd* nGd*
Ty d (ZCLde 2
= Axx@X .. _ B
(de)H - G] G] [ (Txx)H o1 ]
B tx2dx
2L><G><£d4
32

o - j-16tx2dx_ 1611
¢ LGrnd*  3Gnd*

". Angle of twist of the shaft,
Opa = 6,70y
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1612 16 2 16\ t?
Opa = TR X 7= 16-— 3
nGd 3 Gnd 3 )\ Gnd
32117
%4 = 364

18.  (b)

I .
B
RB

The deflection of point B is zero so,

10 % (0.75) , 25 (0.75° Ry x(0.75)°

=0
3EI 2EI 3EI
= RB = 15 kN
X
i 10 kN
A I - Jc
I ! T15 kN
; x |
X
Net moment at A:
M, =15x0.75-10x1
= 1.25 kKNm
10 kN
5 kN
1.25 kN-m
(0.75 - a)
a p !
2.5 kN-m
125 25
a (0.75 —a)
= a=02>m

.. The point of contraflexure will lie at 0.25 m from fixed end.
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19.

20.

21.

(d)
Given: P=13kN, C=5,G=80GPa, U=2.1 x 10° Nmm, n = 8

Spring is subjected an axial pull, so the wire will undergo twisting. Therefore energy stored in the

T
spring is (U) = 2G]
D nd*
= P—,L=nDn;]=—
T=Poik=nbnj=";
U = P’D*xnDnx32 4P*D’n
= 4xGxmd* Gd*
4P%C%n
= u = Gd
2,3
For safe design, % < 2.1 x 10° N-mm
4% (13000)* % (5)° x 8
< 21 x 10°
80x10° x d
d > 4.023 mm
= d = 5mm
D_ 5
7=
D = 20.115 ~ 21 mm
(@
WKN/m
I |
1 —1/3—
o 1
Maximum bending will be at fixed end,
I WP
i = (W)Xx—=——
i.e. M ( ) 5 5

Bending moment at 3 distance from free end

M = (ij(l)_ﬂz
= “ 3 6) 18
M’ = 2 WM = 01111 = 11.11% M
9 2 9 . . 0

(c)
As given that member AB is rigid, so (), = 0.
Let ‘P’ be the reaction at ‘B’ due to resistance of AB member.

200 kN 200 kN
B B L : B l
' = D
* C D T©o C I D * -~ ,C -
' m 15 m—=—15 m——=i —15m—~—15m
P P
© Copyright: MADE EASY wormadeeasyin
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3 2
So, PL* _ B(L/2) LPL/2) L

3EI 3EI 2E1 2

pr’ Pﬁ{l 1}

= 4= = | —+=

3EI EI [24 16
3 3 3
= hL”_ iﬂ=i><200>< L
3E1 48 EI 48 EI

= P, = 625 kN
22, (a)

4

e  Maximum deflection of beam is

384FI

23.  (d)

Consider a section X-X at any angle 0 with horizontal.
The bending moment at section X-X is given as,

M, = PRsinf
Strain energy stored in arch,

Ihﬁdx=I(PRﬁner%w)

U= J"F 2EI
2p3 n/2 2553
= PR ><2J. sin” Od =ﬂxﬂ
2EI 0 EI 4

24.  (d)
Actual column is having end constraints as fixed and free but it was considered as fixed and
hinged column.
(Leq)actual = 2L
n’El _n’El '
= (Pe)actual = Li - 4], (1)

W S R
e/assumed (L/\/i)z € \/E

2m’El
I2
nEl 1
2_=
% Error 5 4 700%
%error = = = %
(Pe )Actuul TEZEI 1

[
Comment : The boundary value big impact on critical load calculation.
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25. (a)
Cylindrical shall,

Volumetric strain

26. (d)

27.  (c)

_>0'L

D

2t .

PD "

4t

PD
(-4

4tE( u) i

h

Oy,
—h(5-4
2E( )
AV 5000

v g x 300% x 500

o), X (5 —4x 024)

2x200x10°

14 MPa
€= €,=500x 10
€ o= €,=-100 x 10

€, t+E€ € —€

S ST ] 0520+ Y sin20
2 2 2
[500 > 100) + ( . 100) 0590° + ¥ 5in90° [x 1076
2 2 2

450 x 106
500 x 106

2 2
ex+ey+ € — €y . Yy
2 2 2

(200 +/(300) + (250 ) x107°

(200 + 390.5) x 10
590.5 x 106, ~190.5 x 10-°
590.5 x 107

Shear force at section/support x will be equal to the vertical reaction at x

(|
\4

R

X

R +R,
M,)

10 kN/m
\ = 1
— i
—— 2m ——>—— 2m —>|Ry
= 10 x4 =40 kN
=0 (From right side)
=10x2x1
= 10 kN

40 kN - 10 kN = 30 kN

o Copyright: MADE EASY
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28. (b)
Induced maximum normal stress due to bending,
M, .. = Wind pressure x Area of sign board x Distance
= 75%x103x3x1x6.0Nm
= 135 x 1000 Nm
0.25* —d*
Section modulus = 12%0.125
Mmax
Gmax = z
10° x135x12x0.125
X OOoX X < 240 x 106
(0.25" —-d%)

0.254 — 4% > 8.4375 x 10
d* > 3.0625 x 103
d > 235.244
d = 236 mm

29.  (¢)

Strain at 8 = 6.5 mm

c = 3_08% _3r5.10°
L 2000

After removal of load there will be elastic recovery.

o
e = T2 BV _go5510°
@ = E 20010

€ -€e,=325x107-125x 1073
2 %107
2 x 103 x 2000 = 4 mm

Plastic strain

Change in final length

[e)

4
’
/7
’
S
§
%
’
QY
1
1
’

Py

0.002 3.25x10"° 0.004
e

Elastic recovery

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

Torsional moment acting on ABis T=P x b

T 4
Moment of inertia, | = —-Xd
32
Ansle of twist. 6 TL (Pxb)xa
ngle of twist, 0 = ——=—"F7"—
8 GJ GX£d4
32
32Pb*a
Deflecti fc = bx0=—F
eflection of ¢ o
HEEN
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