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DETAILED EXPLANATIONS

1. (d)
For the given stress condition,

6, = +50 N/mm?, 6,=0,1, =20 N/mm?

2
Gy + 0y Gy — Oy 5

2
_ 5040, (50 o) 4 202

Now, principal stresses,

2 2
= 57, -7 N/mm?
So, o, =57 N/mm? (T)
6, =7 N/mm? (C)
2. (b)
2 kN/m
b NENERNEE
T Q 4 kN S
< Im —t—1m —~—1m —=
BMD
n
%XZX12=1kN—m
3. (d)
av
As we know, - =w
dx
d (2
= w = $(5x ) =10x
For midspan, x=1m

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

wl* 10 (3000)*

= T 202.5 mm
8EI  8x5x10

Deflection due to load =

Since gap is only 3 mm.

RI®

2025-3 = —
3EI
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(202.5-3)x3x5x 101

(0

On comparison,

(b)

(@)

(3000
R = 11.083 kN ~ 11.08 kN
N Lln(b_zj
(b2 —bl)tE by
PL c
= —In|—
atk [ﬂi]
a = b,-b; =40 -20=20 mm
¢ = b,=40mm
a+c = 20+40=60 mm
6, = 50 unit, o, = 40 unit, Ty = 20 unit
o, +0 6, -0,)>
— X Y X Y
o, = — —( 5 )+rxy2
2
o, - S0+40 _\/(50 40) + 202
2 2
= 45 - 20.615 = 24.384 unit
. E B C P A
| 2L | 2L I
E B C A
P
B C
P P

Displacement of point A, x, = 8, + 5.

Displacement of point B, x, =

Required ratio =
equired ratio v Pl

_ P P_om
" AE AE AE
Pl

§,= 14

b AE
2pI

X4 _ AE _,

AE
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8. (d)
L T o O
[i Qw)(2L)* } ~ [( 4Z3UL) Gy } = Sqpring
384 EI 48EI

_ 5wl 2wl 7w

O =
- SPing = OFT T ORI 36EI
P = Fs = kaspring
4wl /3
= k= 22 / 7y
le
36 EI
48 E
= k = 7 L3
9 ()
. ; . _ q)max
Radius of Mohr’s circle = N
2 2
€._—€
N ¢max — xx vy + q)ﬂ
2 2 2
1000 (1000—200)2 0y )
i —_— = — + —
2 2 2
o 2
= 5002 = 400%[%}
(])xy = 600 u
10. (d)
A A 20 kNm B A B
B I:
20 kN
20 kN 80 kNm o
c c c
10 kN
SFD BMD Torque diagram
11. (a)
Moment,
M_ = Px 0<x<b
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= Pb O<x<a A I E‘L|B
I a i
M2dx B b (Px)dx 7 (Pb) dx
Strain energy = .[ 2F] _I 2FEI +J- 2FEI
0 0 T
_ P Pa _ PPHP(b ”j .
6EI ~ 2EI  2EI\3 s
12. (o)
4 4
wl®  10x(3000
Deflection due to load = ——+ = (—1)1 =202.5mm
8EI  8x5x10
Since gap is only 3 mm.
RI®
2025 -3 = —
3EI
(2025 -3)x3x5x 10!
= =
(3000
= R = 11.083 kN ~ 11.08 kN
13. (o)
Change in length in dx strip is,
Tx*toudx
ALy, = dxaT, = T
Total change in length of bar is,
L Lo 4 5L 5
Tx T |x T 7 TolL
AL‘bar = .l-ALStrip = OL_40{’dx = L_40(|:?:|0 =L—40C€=T
|—wa = - wa—l
Now, total deformation is 0.
[T (L2 2
= 5 VAE)| | kyring | | Kepring |~ ©
TalL PL N 2p
= — = Tz
5 AE  kgpring
Tol PL 2AE
N = - —|1+
5 AE Lkspring
P
= 3 T T e =4
5[ 1+ TL
Lkspring
EoT
c = ———F—<
Thermal 5149 kbar
ksprir\g
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14. (b)
.. c_ Yy -5
= —=2=30x10
As it is given that, € TR
1 30x107°  _ 6 -
So, R = ;0 1210 mm™
o M E
i i — = — =—=constant
Also, in pure bending, Y TR
For 6., Y. has to be used
3
E 200 x 10
SO, Gmax = Eymax = TMP&X Ymax
= O = 200 x 10% x 107 x 50 MPa
= Oa = 10MPa
15. (b)
p Q Q R 0 R S |==—10
750 Nm 750 Nm 250 Nm 250 Nm
[<—500 mm—~| [<—500 mm—~| [<—5000 mm~|
Ti
Angle of twist ¢ = G_]
Ops = Opg+ dor * Pps
750 x 10° x 500 . 250 x 10% x 500 ‘0
= 80x10%x ~ x50% 80x10% x -~ x50%
32 32
= 10x107% x 2 rad = (.58°
o
16. (d)
For a thin walled tube, angle of twist

TL dS TL
i

The integral represents the length around the centreline boundary which is 2mr,,

TLx2mr, _  TL

a(m2) Gt 2m,Gt

Alternative solution:

% = T(From torsion equation)
T
But, U7 oAt
. t_ T TL _ _TIL
Gr, 2A,tGr, Z(nr,ﬁ)tGrm 2mr, Gt
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17. (o)

A b I

ﬁ C
f 2a f a —]

P

A B l

rAs

Pa

oo (Pa)L
3EI
Pa®
8 =251
(Pa)(2a)a Pa®
Deflecti tf d86. =0a+8,=—""+—
eflection at free end,d_= 6a + J, AEL 3E]
ot pe e
~ 3EI 3El EI
18. (a)
Using conjugate beam method.
w/unit length
A B
EI 2EI EI
C D E
R, = (wL) Ry = (wL)
I L | L | L | L |

Conjugate beam

wl® wl? wl®
2EI 2EI 2EI

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

1 wl*  ( wl? 2 wl?
R,” = —XLx——+| — |XxL+=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

www.madeeasy.in
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conjugate beam.

D
I

A = SFat A’ in conjugate beam
o 7wl
4 e

7wl

6EI

(CW)

19. ()

L
X
A
P
Given differential equation is:
d*y
Fe
- Elﬁ = P3-Py
Ty, P, BB
- i BT E
Py Ps 2_P
4 = — here o® = —
= 2 +oy I (W ere EI)

The solution of the above differential equation

Asinox + Bcosox +

y

Asinox + Bcosox + 6

Applying boundary condition.

Atx=0; y=0

. B = -3
dy

Also, i = Aocosox — Bosin o
d

Atx =0, A 0
dx

= 0 =Aa0-0

= A=0
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y = —dcosox+3=35(1-cosou)
Also, atx =L, y =29
8 = 3(1-cosal)
= cosolL =0
I = cos = cos?’—TE cos5—TE
= cos oL = 5 or 5 or 5 or,
. %t 5
= oL = 5 or &~ or &~ or, .
o 3n
For second critical load, ol = o
P 3n
—xL, = —
= EI 2
P 2 97'52
i i —xI[r = =
Squaring both sides, I 1
9n’El
= P = T 5
4L
20. (d)

The loading diagram for the given SFD is

10 kN
2 kN
A | 48kNm
A D
T B ¢
SN 13 kN
} 3m } 3m } 3m—

Total downward load = 10 +2 x 3 =16 kN
21. (b)

" The rigid connecting plate remains horizontal

.. The strain in all three bars remains same

Ccu T €z T €Al
- Ocu _ Ozn _ Oal
ECu EZn EAl
- Eznxc =0.7690 :
= 0y, = cu =Y Cu...(i)
Cu
_ ﬂx 6. =0.6150 ;s
Gy = - cu =Y Cu ...(ii)
Now, 100 x 10° = Pe,+P, + A,
= 100 x 103 = GCuAcu + GZnAZn + GAIAAI
= 100 x 10° = ©0¢, [Ac, +0.769A,, +0.615A ]

www.madeeasy.in
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22.  (a)

From figure,

Twisting torque, T

From torsion equation:

23.  (b)

Apply a horizontal load (Q) at tip.

M:

X

oM

X

0Q

100x10°

100x10°

=61.34 N/mm?

1630.3

1x05+1x03=0.8kNm

GO

L
TL

0.8x10° x 3000

= [600+0.769x700 +0.615x800]

Glp  28x10° xix(1504 -120%)
32

292x107° rad= (

2.92x107
T

0.167° ~ 0.17°

PR sin 0 + QR (1 - cos0)

R(1 - cosb)

P=25kN

o=

El

%j{(PRsine +QR(1-cos0))R(1- cose)dx}

1
EI-0

PR® n/2

El

1 M dMde

0

X dQ

0=0

sin6(1—cos6)d0

><180J

~[** PRsinOR (1~ cos®) Rd0

Q=0
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Given P
Dia. of cross-section, d
Ay

24. (o)

PR® (n/2
EI Jo

(sine

3

B sin20

PR cos20 /2
—-cosO+———
i 4,

)de

3
PROf 51 (4,1
EI 4 4
PR®
2EI
25kN, R=4m, E=200x10°N/mm?
150 mm
25x10° x (4000)°
2x200x10? X%X(150)4

160.963 mm ~ 160 mm (nearest multiple of 10)

Consider an element of length ‘dx” at a distance x from A,

dx

ISR

]

L

X

|l<—
|
1
1

L

|

Increase in length of element dx due to temperature increase, AT is given by,

as
= as
- Total elongation of bar, &
= 5
= d
= d

Compressive stress

(dx)(%) (AT)

dx(

t [ ATlxz
3 312

gj ATle
3) 32

dx

0

L
3
X_

3

oA Tl
912

0
oAT; L2
X_
92 3
OLATlL

27

A Tl

)
— =2Ex
(2E)><L 7

2

= EOLATl
27

www.madeeasy.in

© Copyright: MADE EASY



MADE EASY [ - strength of Materials | 19

Lending Instituts for IES, GATE & PSUs

25.  (b)
3
{80(100) 6’1(60)4} 6.03x10°mm*

EI
£
&

g
NE
20 mm =
g
g
(C?lI —
80 mm
Q= IydA =y.A

= [(80x50x25)]- [5(30)2 X @} =82000mm°
2 3n

vQ  (20x10)(82000)
Lo Q

Now, =
I (6.03x10°)x(20)
= 13.599 MPa =~ 13.6 MPa

=
26. (b)
3 3
oA = 2000360)° _ 1606820)° _ 341603333, 3 mum*
12 12
| 200 mm |
g
g
S
N A
Shear ~ vQ  (3.2x10%)(200 % 20 x 170)
car o T (340693333.3)
= g = 6.387 N/mm
Shear flow x spacing = 250 x 2 N
) 500
= Spacing = 6387
= Spacing = 783 mmc/c
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27.  (d)
wkN/m
ALY Y Y Y Y NYNY Y Y Y YNB
L
B 4
y= = 2x3—x——36x}
EI 6
dy 1 6x2—14x3—36}
dx EIl 6
d2 B 2
Ly 1 123(_12x}
dx EIl 6
dz?/ 2
M = EI—=12x-2x
X de

MX
wkN/m
A B|
) t | M
2 V.

X

wL  wx?
M = —x——
- T
By comparing (1) and (2),
2. 2
o
= w = 4kN/m
, =
= L = 6m
28. (d)
—>d x |
T,L
Torque Tx
diagram (+)
B
A | |

A L2
Ty dx
Urorar = .[ AUsprip = .([ 2GJ

www.madeeasy.in
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L2 2
TO X
= uTotal = .(l; 2GJ
2 13 273 2713
. g - B Ll Tl
total - 2GJ 3 6G]J GJ
29. (b)
After perfect plastic yielding, if the load is further increased, the steel begins to strain harden.
During strain hardening, the material appears to regain some of its strength and offers more
resistance, thus requiring increased tensile load for further deformation. This is so because the
material undergoes changes in its atomic and crystalline structure in the strain hardening region.
30. (o)
We know that at internal hinge deflection will be same at just left and right of hinge.
So,
w per unit length RCl I
A IM%C C I B
R
I L I I L I
wl' R ,
(Sc)left\l’ = 8EI - 3CEI (1)
R .
(SC)righ’t\L = 3CEI “'(11)
So from eq. (i) and (ii)
wl' RLC  RL
8EI  3EI 3EI
_ 2RI} wl
3EI 8EI
3
= —wL
= R, 16
EEEN
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