1. SIMPLE STRESS & STRAIN

10.

Sol.

11.

Sol.

22.

Sol.

23.
Sol.

Ans : (b)

We know the relation
E=2G (1+p

E=2G (1+p

S _o04
E

Ans : (a)

The bar is free to expand, no stresses
are produced.

Ans : (c)

[=250 mm
P=20x 103N

E =200 10° MPa
c =100 MPa
6/=0.1 mm,A="7?

3
c=§:100=—20“0

A =200 mm? — (1)

20x10°)(250
81=P—l:>0.1=( i )( )

AE Ax200x10°
A =250 mm?— (2)

Least cross-sectional area is maximum
of above two values i.e. A = 250 mm?

Ans : (d)

For a solid cube

e =¢gtegte

v X y z

Forcube ¢ + € + ¢
X y z

soe = 3e
v X

26.
Sol.

29.

Sol. E

35.

Sol:

(4.45x10°)(30,000)
(28.5)(E)

187 x 10® MPa
187 GPa

Ans : (c)

25 =

E=

In composite bar

6 lsteel = 61

(0,)() _ (0,)(0)
200 100
0, 1200 _,

100

brass

Oy,

Ans : (b)

_ 9KG
3K+G

9K (40)
3K + 40

300K + 4000 = 360K
4000 = (360 - 300) K

100 =

K= 4000 =66.67 GPa

60
Ans : (b)

P = 40N / mm”’ :P:¥:4—20:20N/mm2

suddenly = 2xgradual will be doubled
40=2xg :>g=4—20:20N/mm2

If a load ‘P’ is applied suddenly to a bar
then the stress and strain Induced will
be doubled than those obtained by an
equal load applied gradually

Suddenly = 2xGradual
40 = 2xG = G=20N/mm?
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GATE MASTER’S ACADEMY )

36. Ans : (d)
Sol. E =2G (1+p)

2 x 105=2 x 0.8 x 105 (1+p)

pu=0.25
43.Ans : (a)
alateral _Slat
Sol. M= = 0.2 = |t
© alongitudinal O N 2 5
g,=0.050
47. Ans : (d)
Sol: Vv=1A

V=30xntxDxt

V=30xnx20x20
V=37699.11 kg
49.Ans : (a)

T

8t P

I AE

80x10°
T 82x10°
4

1.59 x 1073

dd = 0.00318
52.Ans : (c)

Sol. Not yielding, 6 = 0
A=Lat

12x107°x (100 — 20)x3x102x2.1x10°
= 60480 N = 6048 kg
= 6057 kg

55. Ans: (d)
Sol. Young's Modulus, E;

c Pxl
E:—:—: 6 2
e Axol 8 x 10° kg/cm

4%x0.01
= 8x10° kg/cm?
Rigidity modulus (G) ;
E=2G (1+y
8 x10°=2x G (1+1/4)
G = 3.2 x 10° kg/cm?

57. Ans : (b)
Sol. ¢ =0
y
_9% /O
y E HE
o, 1000
= -0. X
2x10° 2x10°

o, = 250 kg/cm? (tensile)
59. Ans : (b)
Sol. Stress developed = E a t
=2 x10%%x 1.5 x 10 x 20
= 60 kg/cm? (Compressive)
Compressive because bar is fixed at both
ends
60.Ans : (a)
Sol. Maximum stress,
o= P _ 9x10°
A 90x10
79. Ans : (a)
Sol. We know the relation
E =2G (1+p)
= 2G (1+0)
E=2G

=10N/mm”
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GATE MASTER’S ACADEMY )

82. Ans: (a) 95. Ans : (c)
Sol. Given: G =K Sol. K=E
We know the relation We know the relation
E=2G (1+p) e (i) E = 3K (1-2 )
We know the relation g 1-2u
E=3k((1-2n ... ii
( ) (i) L o
Equation (i) and (i) u=1-2=3
2G (1 + ) = 3K (1 —2p) 1
n=—=0.33
2K (1 + ) = 3K (1 - 2p) 3
ST 97. Ans: (b)
g ) Sol. We know the relation
u —3
E =2G (1+p)
n =é 125 = 2G (1+0.25)
83. Ans: (b) G =50 Gpa
Sol. We know the relation | 98.Ans : (c)
E - 2G (1+y) Sol. We know the relation
= i
E = 3K (1-2p)
1.25 x 10° = 2G (1 + 0.34)
R P E = 3K (1-2 (0.25)]
. X = 4.
G = 0.4664 x 10° MPa g b L 1
L E 3x0.5 1.5 3
85. Ans : (No option is correct) 99.Ans : (b)
Sol. We know the relation Sol. The relationship between stress and
E = 2G (1+u) = 2G (1+0.4) modulus of elasticity
= E
E=28G °m
cx E
%:%:% .. (o, > 0,) when (E, > E,))
91. Ans: (c) 100. Ans : (b)
Sol. We know the relation _ oL
Sol. S—T
E =2g (1+p)
200 = 2 x 80 (1+1) 102. Ans : (d)
= 1+ u A Gh AS
160
2
u=0.25 LN _(Dj
P 4 2
Gh - EDQ
4
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GATE MASTER’S ACADEMY )

4
oy, = EP N/cm?

105. Ans : (d)

ol 2 3
e =2 =2 _1x10
Sol- & =7 =%000
8},=8—l=_—1=—1><10’3
l 1000
szﬁz#zlxlo-3
d 1000

€ =ax+ ay+ €,
1x10%-1x103%+1x 103

=1 x 1073
8V
g, v
1x1072 = S,
2000 x1000x1000

8 =2 x 10° mm?3
107. Ans : (b)

Sol.
A B .
—> P
< 2L/3 o< L/3 o
it
SO
i
Rye = L

RAB= L :l
Rue P[QLJ 2
3
L
108. Ans : (c)
8L _4
Sol. 5, 6
E _o M
E, o, Al
B, AL
F, A, Al
E _o
E, 4

116. Ans : (d)
SO].. (SZ)steel = (SZ)brass

[P_l} _[P_l}
AE Steel AB brass

cSsteel _ c;brass

200 100
cSsteel — 2
cSbrass

117.Ans : (a)
51=P_l=[iji
AE \AJE

100

Sol.

y 500
2x10'%*%x10°°

5x10*

X

STRENGTH OF MATERIALS >n



GATE MASTER’S ACADEMY )

121. Ans : (c)
Sol. Load is suddenly applied,

2P

Normal stress; 0= A

100x1000
=l —)(2
1000
o =200 N/mm?

The maximum stress, ¢__ = 200 N/mm?

135. Ans : (c)

Sol. Free expansion of bar = la t

(1000) (1.8 x 10-5) (100)

1.8 mm

Yielding allowed = 1 mm

. Stress develops |

Expansion prevented causes stress

1.8-1=9x!

(1.8-1)(120x10°)
1000

o, = =96 MPa

137.Ans : (c)
Sol: [=1m A = 300 Sqg.mm
W =6kN E =200 GPa

WL  6x10°x1
2AE 2x300x200

= i =0.05mm
20
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2. COMBINED COMPLEX STRESS

6. Ans: (d) 2
Sol. o, + Gy Oy — Gy 2
= + +
6O(BKMPa
—— 400
2
_ 6000 -4000 N (6000 + 4000) +1000°
2 2
1200 MPa 1200 MPa = 6099.1 Ksc
18. Ans: (d)
\/
+ —_
600 MPa Sol. O = Ox 3 %y J{GX > % ]cos 20 +1,,sin0
Maximum Normal stress 'c'
! A [SOOJFSOOJ+(500_800j0031200
o, +0, o, —o, ) 2 2
Gl — + + 7T -
2 2 xy = 725 Ksc
|
_ : 800 K
_ 1200+600+\/(1200 600) + 400° sc
2
= 900 + 500 = 1400 MPa N 300
500 Ksc 500 Ksc
8. Ans: (a)
Sol. Radius of Mohr's circle 6O°T
r =2"% 800 Ksc
2
5 p 20. Ans: (c)
= w =100 MPa Sol.

16. Ans : (d) 10 t/em
Sol. 5_= 6000 Ksc T

c,= —4000 Ksc X
4—%\% — 10 t/cm’

t. = 100 Ksc
Xy

4000 Ksc

———— 1000 Ksc l

6.+0. o©. -0
6000 Ksc Oy = ———+——>c0s20+ 1, 8in20
2 Xy
—
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10+10
2
10 t/cm?

6, -G, ) . )
o:[ y]SII’IQG—‘C sin26 =0
2 Xy

tan 20 = 0
20 = 90°
0 =45°
o, = +5 t/cm? (tensile)
c, = -5 t/cm? (Compression)
In pure shear condition, principal

stresses are equal to shear stress only
22. Ans: (b)

Sol. Centre of Mohr's circle = ?

24,
Sol.

26.
Sol.

5t/cm’

5t/cm’

10 t/cm? 10 t/cm?

5t/cm’~

52
\/12.0; ©

-2.07

= 12.07 t/cm?

6, =5-5% +52 =-2.07 t/cm?

2
Tinax :\/[GX Gy] +1,° =5V2 t/cm’

2
Ans : (b)
Maximum shear stress,
. _o6,-6, 3-(-3)
T .. = 3SMPa
Ans : (a)
Maximum shear stress,
T = G, — GOy
2
GX+Gy+ GX—Gy 2+( )2
0,.0, = + T
e 2 2 o
2
_ P+P + (P—P) 40
2 2
c,0,=P
P-P
Tmax =45 = O
2
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28. Ans : (b) SR
P +P, P +P/ -2P.P +4P P,
Sol. Given = 5 T 4
c,= 120 MPa, o = 40 MPa, 1= 30 MPa
We know principal stresses c,, o, P +P, N P, +P ?
_ T2 2
c,+0 G,—0C 2
2 \/[ 2 ] () P,+P, [P +P,
= T
2 | 2
120+40 | |[(120-40Y’ ]
= i\/( 3 j +30° P,+P,| [P, +P,
Loy = 2 + 5 =P, +P
= 130 MPa, 30 MPa, (both tensile) )
29. Ans : (d) s Z{PerPy}_{PXJFPy}:
Sol. Volume = 10° mm? ’ 2 2
Hydrostatic pressure, P = 90 MPa 34. Ans : (a)
Bulk modulus, k = 180 kN/m? Sol.
R | 400
€, (SV /V) "_> 400
90
180x10° = ————
(8,/10°) 400 1000
8, = 500 mm? Y
32. Ans : (d) D 400
Sol.
P B 2
'y o - 10002+ 400 +\/(1ooo 400) o
a

41_ _?,P = 700++9x10* +16x10*

=700 + 500 = 1200 MPa

q <] 35. Ans: (d)
Py
27 2x7.5
tan2a = X = =1
ol c, -0, 35-20
o,| _P+P (B -P 2+q2 tan 20 = 1
G2 2 2 20 = 45°
45°
P 4P P _p V o= 5 =22.5
_ X vy lZx Ty | 4pP
2 2 —
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37. Ans : (d)
Sol.

5,600 MPa

— 1=400 MPa
4

6,=1200 MPa
A
<—
. —o. ) 2
Tmax :\/[ X2 y] +(TX}’)
2
_ \/(12002— 600) + (4007
= 500 MPa
39. Ans: (b)
Sol.
0,=45 N/mm’

2

— =50 N/mm
A 4

6,=55 N/mm*

Minor principal stress, o,

2
S GX;GY _\/[GX;GYJ +(TXY)2

2
_ 55—45_\/(55—45) + (50"
2 2

c,= 65.71 N/mm? compressive

STRENGTH OF MATERIALS >n

41. Ans: (a)

100-0
Sol: 7., =

=50MPa

43. Ans : (¢)

. |[ox—oy 2
Sol: Radius = > +1,,

c, =100MPa; 6, =-20MPa 1 =0

2
Radius - J[wj 0 - 60MPa

55. Ans: (b)

Sol: 1, . =35MPa o,=-20MPa

- 61;62:35: c, +20

2

70=0,+20=0,=70-20

c, = 5S0MPa



3. SHEAR FORCE & BENDING MOMENT DIAGRAMS

10. Ans: (b)
Sol. If a = [/2 BM at mid span is zero

aT z Ta

12. Ans: (c)
Sol.

23. Ans: (c)
Sol.

ACY YV B

12 12 ”&’

e ——
e

We know

wl
R, + RB=7

Taking moments about A
l

RBxlzwix—
2 4

30.
Sol.

31.
Sol.

34.

Sol:

For maximum B.M, S.F must be change
sign Shear force at x = R,-wx = 0

3—Wl -wx=0
3l
X =—
8
Ans : (b)
\W
Q/VVW\“;WYY”L
1
< |
Given :
W = wL

The maximum bending moment always
occurs at fixed support = WL + W L/2

= 1.5 WL
Ans : (b)
In economical design, support must be
placed at a distance of 0.207 [ from free
ends
Ans : (d)
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35. Ans: (b) In cantilever maximum B.M. occurs
Sol. always at fixed end.
14 T—rrﬂ 37T/m B\10 T-m Maximum B.M. =3 x 6 x (4+3) = 126 kN.m
47. Ans: (d)
oAt S Sol.
=< 10m >=
8 m , 8m 8m
Take moment at B; l I l l
I
10+3x10x%+14—RA><10=0 A Bgy, 1 C A
|
_ e—e———————>]
RA_17'4T 1m ! 8 m 1m
36. Ans : (c) 5 X B
Sol. 2 B
1.5T
A 8T R l It is symmetrical section
Y Y YTV
A A s <R, =R, =12 kN
le—3m 22| | P.O.C occurs at a section XX from left
5 N ‘ and at a distance x from left end
™~ g
BM@XX=-8x+R,x(x-1)=0
Take moment at B,
8xx=12x - 12
IM, =0
“x=3m
R, x6-8x45+15x2=0 60. Ans : (c)
R,=55T Sol.
37. Ans : (c)
Sol. SkN SkN
y a ! !
(‘21:/1’11 a
T 6m T 2m | 3m |
A B C B o
The beam BC part is subjected to
hogging moment 5¢1.5=7.5 kN-m
The hogging moment at B
2
= 5x2+2x2x—==14 t-m
2 65. Ans: (b)
45. Ans: (b) Sol. We know
3 kN/m ) Wab
Sol. 7 YN L Eb Ui BHU B
j |« 6m | |
3 10 m R _ 100%2x3 150 kN-m
™= =1
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71. Ans : (a) 99. Ans : (a)
Sol. Sol.
M w/m
A N B Y Y Y Y Y Y YN
Q </ Q A 7 B
le 3m |
L/2 L/2 ™= 1
[fe——>le——> .
L Taking moment at 'A'
I I
3 S _ 9
Bending moment at L/4, wx XE_
ML/4:RBX£ W=2kN/m
4 101. Ans : (b)
B MXE Sol. The B.M at the centre of the beam will
L 4
M, , = 0.25M be zero for a )
84. Ans : (d)
k
Sol. | mvmww
8kN/m v2 | z I
4kN/m |
A 7 B
> 3m > B.M.D
108. Ans : (b)
Maximum shear force will occur at t he | SOl
support Sk
R, = 4x3+8 = 20 kN
86. Ans : (c)
Sol.
A B
) N A . 5,
3 . 4 ¥
SFD < 7m 7l
87. Ans : (d) Vi Ve
wl
(F o )pe 2 Take moment at A;
Sol. Wl 1
(SFmaX)SS —_— 1 3 5
2 VB(7)——xwx3.5[3.5+;j
2 3
—lxwx3.5x2x3.5=0
2 3
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7V, - 8.167w - 4.083w = 0
\Y

B

1.75 w

\Y

A

V,= 1.75w

Maximum shear force will act at the
supports.

.. Maximum shear force = 1.75 w

109. Ans : (a)
Sol.
a w/m
Aa YNV
[P 2 m e 4 m |

The maximum bending moment will |
occurs at fixed end.

M, =Wx4x[2+gj

M =16 W

max

112.Ans : (a)

1 W b4
e« M, =R, xX——XxX| —XxX|x—
SOl. X A 2 [( :| 3

T
6 6L
10x(4)°
M, = 10x6x4 () (.. x= 4m)
6 6x6

M_= 22.22 kN-m
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4. SLOPES & DEFLECTIONS

16. Ans : (c)
Sol.

XYY Y VY Y VYV R
wit  (6)4)
384El 384(20x10°%)

Vimax = =0.2 mm

18. Ans: (d)

1
yocI and yoc?

1 1
28
Reduced by 8 times
Ans : (d)

Sol.
yo

19.
Sol.

[
NI 0 0 10 0 10 0 0

o

Deflection at free end due to vertical
load

~wlt
' 8EI
Deflection at free end due to support P

.- r(3) . A(3) (L

3EI 2EI
_ P PP’ _2PP+3PP 5P
24E1 16EI 48EI 48EI

. The deflection at free end is zero

5P’
48EI

wl*
+
8EI

ll+§=0.83
8 6

20. Ans : (c)
Sol.
4 4
Y e =1[5Wl Lo 0026 ™!
S| 384ElI | El
21. Ans: (d)
Sol.

> _ 5wl®
- Ymax = 3ganmT
y, _ 1 384 _8_

=—.—= 1.6
y, 48 5 5

wi®
(Yonax oo, = 48EI

5wl
(Yoo )uar = 384EI

(Ymax )conc — L 384 = § =
(Yoo Joar 48 55
26. Ans : (d)

Sol. Central deflection of a simply supported
beam carrying point load 'w' at mid span

1.6
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GATE MASTER’'S ACADEMY ) siopes & Deflections |

5wt 5wl*x12
384ElI 384E xbd?

A oc—
b
A _ Db
A1 b2
4 _ b
1 2‘bl
A
A, =31
27. Ans: (c)
Sol.
\WY
a )
a A
P
The deflection at P = 0
Downward deflection due to load W
3l
< 3 Jw
| f 4E1
El |
EI '
|
1wl 3, 3, 13wl 3, 2(3
 =——x=Ix=l+=———x—=Ix=| =1
4EI 4 8 24EI 4 3\4
B owl® +27wl3
128EI 192EI

27w’ +54wl® 81w’
384EI 384EI

STRENGTH OF MATERIALS >n

J

3 3
Pl 2
2 o
3EI 192EI

2 =
81wl® 27PI°

384EI 192EI

Pzgw
2

34.
Sol.

Ans : (c)

37.
Sol.

)

Total deflection at free end.

wl®
8EI

B wl®
3EI

max

3

\4
= T 5aEl (upward)

max

40.
Sol.

Ans : (b)

™YY

2 /2 /2

_W(l/2)4+W(l/2)3 [1]
~ 8EI 6EI |2

max

_W_l“[L;}
" EI|128 96

7wl
T 384Kl

™YY Y Y Y Y YN
3




GATE MASTER’'S ACADEMY ) siopes & Deflections |

_wlt
ymax 8EI
| Y
3
12 )

_wlt 7wl

Y max 8EI 384EI
_ 41wl’
384EI

41. Ans: (b)
Sol.

AN
o

wl® wl?
=1->
3EI EI

=3

1
Total load, W= EWZ = wl =2W

_owlt 2Wx[®
~ 30EI  30EI
_wl®> 3
T 15EI 15
0 =0.2 cm
42. Ans: (b)
Sol.

w
Y Y Y Y Y Y Y Y Y
A BA

5wl WP
= +X
384El 48EI

w
But central support takes a load of ——

3
Kl A
5wl (3

= +X
384El  48EI

Wl4[ 5 1 }—x
ElI | 384 48x3

Twl*
X =
1152EI
43. Ans : (a)
Sol.
M
CA B
M
El
M
M 2EI B
El
I ]

lMl(l 1lj1Mll(lell

Rpxl==—x=x| -+ == |+ ==—x=X=| = |+ — X=X —

2EI 2 \2 32) 22EI 2 3\2) 2EI 2 4
MP>  MIPP  MP

Ry xl = + +
6El 48EI 16EI

_8MP+MPE+3MIE  12MI2  MP

Ry x1

48EI ~ 48El  4EI
R o ML
B 7B 4E]
44. Ans : (a)
6EIS
Sol. M= (6 =4-2 = 2cm)

l2
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GATE MASTER’S ACADEMY

45. Ans: (b)
Sol. 2 2

l l
T T

I
2 :\ BMD Diagram
Tlm 4m 1m
\
! M Diagram
lmT EI

Slope at B = due to symmetry

=1L

1 M
— x Area of — diagram
( 5 A f d )

EI
2 EI EI
I 5 180
= — radians = —x
EIl El =
~ 900 .
5] S
48. Ans : (b)
4
Sol. §o Ly WL _ 120x16x4
4 48EI 4x48x2000
L1000 oo
50
55. Ans: (c)
Sol.
10kN

El = 1060 x 10°
wWi? 10x25x%x12

> Slopes & Deflections

64. Ans : (a)
Sol.
W
2 \
L
2 2
R L G
2 \
L/2
WL / % Diagram
4EI

16EI 16x1060x10°x0.15x0.25
= 0.000754 radians

. . = —X———X—X—| —
Deflection at hinge 2 41 2 3l2o
_wL?
| 48EI
‘ 69. Ans : (b)
Sol.
4 M
2
M
EI
2
5= Mo LML smr2
EI 2 2EI
71. Ans: (b)
Sol.

L2

S .
8EI

EIl

L L
X —=xX—=
2 4
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GATE MASTER’'S ACADEMY ) siopes & Deflections |

73. Ans : (c)
Sol.

|p

T T

pPI?
16EI
P
48EI

Slope =

Deflection =

77. Ans: (b)
Sol. Maximum deflection (y)

wl®
48E]

4.8x10°
48 x2x10®x20x107®
2.5 m

79. Ans: (b)
Sol.

A
Y

Maximum deflection of beam A,

_we
Y2 =48Rl
Maximum deflection of beam B,
5Wie
Vs =
384EI
wie
Ya _ _48EI
ys SWI°
384EI
_ 384 8
48x5 5

80. Ans : (d)
Sol.

Deflection at C;

_5wl®

4 48EI
e
y I ) y d3

Yo =§><y
81. Ans: (b)
Sol.
i
(i)
3

Width b, depth d

Max deflection =

P P 4P
3Bl [ba®] Eb Y
3E
|
(i)
2

b
Width = 5 depth = 2d

STRENGTH OF MATERIALS >n



GATE MASTER’'S ACADEMY ) siopes & Deflections |

N P P
ax daellection = =
3EI [gjﬂdf
3E| 24
12
_ PP
Ebd?

3
Max deflection reduced by Zth times

84. Ans: (a)

Sol.
W
\ } .
AN C AY
/2 /2
[e——rf——>

Deflection of the beam at point C

wee
48EI

1

YOCT

y=

=
Cat

<

N

1]
N |~
«

85. Ans : (c)
Sol.

90kN

I 1

~ Wab?®

A_l—2

M

B 90x2x16
36

Wa’b _90x4x4
? 36

93. Ans: (a)

Sol.

=80 kN-m

MB = = 40 kN_m

w/unit run
A‘ Y Y X ¥ ¥ ¥ Y B
3 l

|l »|
™= 1

Rp°
3EI

Upward deflection due to prop =

wl’

8EI

Upward deflection = Download deflection
R°  wl'
3EI 8EI

Download deflection due to U.D.L =

94. Ans : (c)
Sol.

L/2 L/2

Equating upward and downward
deflection
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GATE MASTER’S ACADEMY ) siopes & Deflections |

V.2  5wLd 97. Ans : (b)

B —

3EI 48EI Sol: ©=20 kN/m=20%x10°N/m, [=5m
EI = 30000 kN.m? = 30000%103N-m?

_ 5wl*  5x20x10°x(5)*
T 384EI  384(30000x10°)

S, =9.42mm

4EIR) _, 0

2L —=

_3x5
2

M = 7.5 kN-m
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5. THEORY OF SIMPLE BENDING

9.
Sol.

4.
Sol.

Ans : (b)

200mm

—»{ 10mm [<—

280mm
300mm

S
5
le—>|
w

Due to symmetry,

100 mm
y =150 mm

X

=[200x103

12 12

I _=102426666.7 mm*
I, 102426666.7

XX

¥ 150

Z =

= 682844 .44 mm?

Bending stress
M-=1{Z
100 x 10° = f x 682844.44
f=146.44 N/mm?

5. Ans: (a)
Sol. Maximum tensile stress,

f="
Z

10x10°
_ (1x200°
32

f=12.73 MPa

3
+(200><10)(145)2]><2+[M] | 10.
Sol.

11.
Sol.

12,

Ans : (b)

I

1

1

I

I

I

SN I P I i

1

I

I

I

I
M=f><l
y

100 x 2 (50" — 40%) x
12 25

= 33£><104 = 1.23 kN-m
Ans : (b)
For circle we know
nd? nd? nd?
[, =—,1 =—, =I_+1_=
64 Y 64 ° w32
_ nd*
diagonal — a
nd?
I
P — 324 =2
Idiagonal ﬂ
64
Ans : (d)
Square size (d) = 10 mm
4 4
_a 10 63333 mm®
12 2
Ans : (c)
a3
3
6\/45 2 122 404
a’ 62 a*2
12
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GATE MASTER’S ACADEMY )

19.
Sol.

Ans : (b)
The strength of section is uniform
M=fxZ

2
M=f><bd

Moxb
M oc d?;

doc\/ﬁ

21. Ans: (d)

For strongest beam, b= D _400

NG

Sol.

22.
Sol.

Ans : (c)

h/2

h/2

h
(str), _ 2b[2j 1

(str),  (b)(h%) 2

25. Ans: (¢)

Sol: & = 5N / mm?

concrete

Esteel — 1 5
E

concrete

E=2
€

h/2

RN
f, 15
f,= 5x15 = 75 N/mm?
33. Ans: (b)
Sol. Z__ =17
circle square
nd® _a®
32 b
a® = O g0
32
a=0.838d

weight of circular beam Area of circular beam

weight of square beam ~ Area of square beam

_nd® _nd® _ nd”®
4 4a®> 4x(0.838d)
a2
k=1.118
34. Ans: (d)
Sol. Bending equation
g
R I vy
M 300
2127 7
M =91,157.143 kg-cm
=911.571 kg-m
w/m
Y Y Y Y YN
Aa B
| o 2.5m |

= g

Maximum bending moment occurs at A.

M, = Wx2.5 x%
M,=3.125w
Substituting M value,
3.125w=911.571
w=291.7 kg/m
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35. Ans: (d) 400 2x10°
Sol. = 1 B R
yYy
R 10000 cm
b 7
h d 50. Ans: (b)

Sol: Bending moments are equal.

Y —
- Gp\Z, =0ply

d 2 b x b? b x b*
b =—7: h = _.d =
NER 3 GBX4><b an2><6
b=32_1732 cm G4 =205
V3 51. Ans: (d)
43. Ans : (a) Sol. Bending equation
3
Sol. Ploose — pIntegral — b(nd)3 — n2 — 32 =9 E ® M _ i
pIntegral ploose n(b d) R I y
|
f—&— 2x10° x50
44. Ans : (b) R 10000
e - 1000 N/mm?
) 62. Ans: (b)
1600 kg/cm™ Sol. BM, M = 2 x 2 kN-m
A
6
- 2x2107 166 67 N/mm?
. (40x60°/6)
’ 63. Ans : (c)
15cm Sol.
Nam===%7f7~ 10kN
15-x, < l
X AL AB
800 kg/cm” 1.25m C
P "~ Sm N
By similar triangle R,=5kN R,=5kN
1600 800 Moment at quarter span,
x, 15-x, M =5 x 1.25 = 6.25 kN-m
24.000-1600 x = 800 x Maximum bending stress,
x =10 cm
2
47. Ans:(c) 6.25 x 106 =fx 220" 400"
f E
—=— f=1.172 N/mm?
Sol. vy R /
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67. Ans : (c)
Sol.

Y

| d,=60mm |

€

Internal diameter,
d=d -2t
=60 - 2(12)
= 36 mm
Section modulus of hollow cost iron pipe,

m(d}-df)x2
- 64 xd,
nx&m4—3€)x2

64 x 60
Z = 18,457.49 mm?

> Theory of Simple Bending

81. Ans: (b)
Sol. Bending equation
N
R I y
R—&— 2x10°x260
f 110x2
R =236.36 x 10° mm
R =236.36 m
85. Ans : (b)
Sol. I, = 0.11924 r*
A
X ~ 1y x
|
| 86. Ans : (a)
Sol.
30mm
Al >
ey —
:
|
I
: 1 90mm
:
I —
2 |§30mm
I: b :I
A, =30 x90 = 2700 mm? y, =45 mm
A,=30xb=30hb;y,= 90+%=105 mm
5 = Ay, +AY,
A +A,
90 — (2700x45)+(30bx105)
2700+ 30b
243000 + 2700 b = 12500 + 3150b
b =270 mm
127. Ans : (a)
Sol. Modular ratio = 20
Width of the equivalent section
= i =0.4 cm
20
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6. SHEAR STRESS DISTRIBUTION

5. Ans: (b)

Sol. Maximum shear stress

3 F
"> " 2 bh
S
2 100x200
F =40 x 10°N
=40 kN
17. Ans: (c)

T

T -7
9% more = —ma&x av
T

av

Sol.

Sl 33.33%
3

21. Ans: (a)

wl  40x4

max SF=? =80 kN

3 _3( 80x10°
Tinax __(Tavg) S S Y
2 21 200x400

= 1.5 MPa

Sol.

23. Ans: (a)
Sol. 7, =5 N/mm?

T =7?

max

For circular section, t = — Ty
max

= i><5
3
= 6.67 N/mm?
24. Ans: (d)
Sol. t__ =7
E =2 x 10° kg(f)/m?
Shrinkage factor = 0.002
o_sE
2 2
_ 0.02x2x10°

=

=2000 kg(f)/m?

27. Ans : (d)

zlo-(2)]
50

Tsolid  _

Sol.

T hallow

_ 5. 0.94
16
29. Ans: (a)
Sol. Triangular section :

35S
Thmax = 37
bh

= Eravg at 5 from apex or base

T at N.A=8—s=iralv
3bh 3 **

h/2
h/2| /===~~~ X" """ "77
36.
3
Sol: Max.shear stress T, = ETavg
3
3= ETavg
Tovg = 2 MPa
_Load _,_, A/ _9
C/s area 2x100x2000
W=80kN
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7. TORSION

6. Ans: (a)

_(%),

(strength);
Sol. (strength), (ZP )A

8. Ans: (c)
Sol. Given,

P =540 kW
N =720 r.p.m

_ 2nNT
60

P

2nx720xT
60

540x1000 =

~ 540x1000x 60
21 x 720
T=7162 N-m
10. Ans: (d)
Sol.

T

>

T, 300 kN/m

/t i

3m 6m

 300x6

T, =200 kN-m

 300x3

T, =100 kN-m

-. Maximum torque = 200 kN-m

15. Ans: (c)

(Strength)s _ 16

=—=1.07
(Strength)h 15

Sol.

N
=
)
ES
|
VR
o]
N——
S
—_
Ul

16. Ans : (d)
Sol. Given :

d = 200 mm
G =100 GPa
Torsional rigidity = GJ

= 1x10° xl(zoz“ ~200°)
32

=6.378 x 10° x 105 N-mm?
= 637.8 G N-mm?
25. Ans: (b)
Sol. Given, d=10 cm
[=2m =200 cm
T = 800 kg-m
T = 800x100 kg-cm
_ 16T

max Ttd3
16 x80000
nx10°

16x 80
= - = 407.43 kg/cm?

T

26. Ans : (d)
Sol. Given, P = 80 H.P

N =60 r.p.m

B 2nNT
4500

_ 2nx60 x T
4500

80
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~ 80x4500
21 x 60
T = 3000 kg—m
T
T =1.3><3000 _ 3900kg_rn
T T
28. Ans : (d)
D
Sol. Given d=—
2
T N3
T, _ (Zp)s _ 16D _ D*
T. (Z,), L(D“—d“) D* -d*
16D
T, D* B D* B D*
T D4—94 + D' 154
2 16 16
T, _15
T, 16
T, =221,
15
N=10
15
31. Ans: (b)
Sol. Given N = 150 r.p.m
T =150 kg.m
_ 2nNT
4500

Where, P = Power transmitted in H.P
N =r.p.m

T = Average torque in kg-m

37.
Sol.

_ 2nx150x150
4500

2nx150
T30
P=10xn
Ans : (b)
Solid and hollow sections have same
weight
Wh = Ws

P

yxV, = yxV,
Ah=As

(D) =2l

d
assume kK=—

D
D? (1-k?) = d?,

D*(1-k*)

- D“(m)(l—kQ)

1-k*

- o)) [4=5 k=53

2
Z, 14Kk 1+(2) 53
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40. Ans: (b)
2nNT
Sol. P P=
o ower, 60
190x10°% = 2nx200T
60

1=9.071 kN-m

16T 16x9071
= 3 = 3
nd ntx 200

x10°

t=5.78 N/mm?
43. Ans: (b)
Sol. Torsional rigidity,

T (2024 - 2004)
32

GJ=100x10° x

= 637.8 x 10° N-m?
= 637.8 GN-m?

51. Ans: (c)

Sol. J « d*

65. Ans : (a)

Sol. Polar moment of inertia

I =1 +1

7z XX Xy

= 1x10°+2x10°

I.= 3x10°
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8. COLUMN & STRUTS

10.

Sol:

16.

Sol.

Ans : (c)
left = 3m = 3000 mm
[_bd® _(30)(30)°
12 12
_ I
min A -

r .= 8.66 mm

free standing column means fixed free
condition

left = 2L = 2x3 = 6m = 6000mm

= left _0099 _ 695 54
I, 8.66

min

Ans : (a)

Ny

P M, M

o, = —+ =P HAx)
AL
k)
4

2M(x)
I

+
v M=M.e=e,l =1)
X y x Ty’ °x y
8 2x8x1x1
_+—
4 2*
12
8 8x2x12
_+—

=2+12=14 kN/m>
4 16

18.

Sol.

22.
Sol.

23.
Sol.

25.
Sol.

Ans : (b)
’EI
Euler's load, P = nl—Q

P,

2
hinged-hinged — lﬁxed_ﬁxed
Pﬁxed—ﬁxed lhinged—hinged

_ (l/_2 L
IR/ 4
Ans : (d)

The equivalent length of column fixed
at one end and free at the other is 21

(i.e. 1:4)

Ans : (a)

Given, [ .= 4m

Cross sectional area, A = 145.3 cm?
Radius of gyration, r = 6.25 cm

f = 5500 kg/cm?

1
Rankine' ffici = —
ankine's coefficient a 1600

fA
1+ a)r?

[ 400

T . 6.25

min

Rankine's crippling load, Py =

Slenderness ratio, *= 64

5500x145.3

1 2
4
1600 (&%)

P, =

1+

= 224.5 tonnes
Ans : (d)
Given
[=1766 cm*
[=6m
E =0.8 x 10°kg/cm?
Cross sectional area, A = 1.7 cm?

Euler's crushing load,

p _ ©°El B 12 x0.8x10° x1766

e o = 38732
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33. Ans: (c) 81. Ans: (a)
Sol. P_ o« M.I Sol: Dia of core = 2xeccentricity
For the given options o D? + d2
M.I of hollow > M.I of I . B 8D
55. Ans: (c
() D? +d?
Sol. P=cA_+ moc_A, = 4D
=5 x 10,000 + 20 x 5 x 1000
2 2
= 50,000 + 100000 _ 200" +1007
800

150,000 N = 150 kN
63. Ans: (a) _ 500 — 62.5 mm
Sol: left =2m A = 1000 mm?1I = 1x10"mm?*

, 91. Ans: (c)
h=—— Sol: I=4m A=2000mm? I =720 cm?,
I =80 cm*
- yy
- z\ﬁ _ 210 1 60mm | left = 0.5L = 0.5x4=2m = 2000 mm
= VA V1000
), left
_2000 _, . r_
100
72. Ans : (c) f [80x10°
1aminz -~ = —ZQOmm
Sol. A=1,/r__ A 2000
I.min = I/A
7.=2900 100

[ 40x40° 40 20
“ \12x40x40 12 92. Ans : (d)
Free standing column means fixed free | Sol: 1= 3m

condition L =21=2x3=6m
l,=2L=2x4=8m

93. Ans : (d)
C = 8000 x 12 Sol: Euler’s Critical load,
’ 40
2
= 692.8 P - TEQEI
80. Ans: (¢) L
Sol: If both ends fixed
P, [(le),T [ ¢ 7T
4nEl T (S 0 =4
(Pcr)=£—2=50 kN P, {(leﬁ)l} L/Q}
If both ends hinged
m°El 50
(P), === =125 kN
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9. STRAIN ENERGY

1. Ans: (a)
Sol. Ogudden — 2 x cygra\dual
8. Ans : (d)

Sol. E =2 x 10°MPa
c=1{f =250 MPa

Um=l><250>< s
2 2x10

U_=0.156 Nmm/mm?
11. Ans : (No option is correct)
Sol. o= 10 N/mm?

E =1 x 10°N/mm?

V =2 x 10°N/mm?

62

U=—xV
2E
2
U=L5><2><105
2x1x10
= 100 Nmm
12. Ans: (d)
Sol.
g
g (
3
X
la l |

STRENGTH OF MATERIALS

P2 l3 P213
- E{E} " 6EI
17. Ans: (b)
Sol. Length = 1m
Area = 4 cm?

Force = 80 kN
E = 200 kN/mm?

Pl
Total i = —
otal strain energy stored AR
2
_ 80 X1 _gy kN-mm
4x10%x 200
22. Ans: (a)
Sol: 1=200MPa; ¢ =100GPa
e 200x10)°
U= ol = A200X10) gy
2G 2x100x10
U =25 N-m

» 3



10. THIN VESSELS

2. Ans : (b)
Sol. Bursting pressure = P.D.L
62
1000
= 23.56 MN/m?

= 380 x x1

5. Ans : (b)

PD

2t

_ 1.2x1500
2x15

Sol. Hoop stress, o}, =

=60 N/mm?
6. Ans : (a)

Px2.5x100
2x5x%x10

P = 3.2 N/mm?
7. Ans : (a)

Sol. 80 =

PD _ 700x10°x1000
2t 2x25

8. Ans : (c)
Sol. ¢, = 30 N/mm?; o, = 45 N/mm?
D = 1250 mm
P =2 N/mm?
PD
=E=4

=14 MPa

Sol. o, =

~ 2x1250
2xt

=27.7 mm = 2.77 cm
PD 2x1250
"2t 0T A
t=20.8 mm = 2.08 cm
Considering maximum thickness
9. Ans : (c)

Ch

G;

Sol. Pressure in the pipe, P = yH
=9810 x 100
= 981000 N/m?
= 0.98 N/mm?

Max permissible stress,

13.

15.

| Sol:

17.

22.

26.

10.

Sol.

Sol:

Sol:

Sol:

Sol:

0.981x800
- 2xt
t=19.6=2cm
Ans : (b)

20

300 1.5xD
3 2x1.5x10x0.8

D =1600 mm = 160 cm
Ans : (a)

d=100mm t=5mm P =10 N-mm?

oy, zﬂzwzlool\]_mnﬁ
2t 2x5
Ans : (c)

d=1m t=Imm p=0.2 MPa

Pd  0.2x1
8t 8x1x107°

Toox = =25MPa
Ans : (a)

o, = 24N/ mm®

&=2:>%=2:>%:0/
o, c, 2 ‘
o, =12N /mm’
Ans : (a)
.
y R
95 _2x 10°
y 1800
y = 0.855 mm
Internal diameter = 3600 — 2x0.855
= 3598.29
Ans : (a)
P=40 MPa ¢,=60MPa o_(or)o,

5.=20, =2x60 =120 MPa
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4. Ans: (b)

Sol: t__ =5N/mm?

max

dia(d) = 40 mm
T=?

16T rt_ xnd®
Toax = T = =T
nd 16

T =62.83 N-m

07. Ans: (c)
Sol. We know

64WR3n
Gd*

Where n is the number of turns

Deflection, &=

13. Ans: (b)
Sol. We know that

axial load (w)

Stiffness k = - -
elongation of spring (J)

= %zQS N/mm

15. Ans: (a)
Sol.

N

STRENGTH OF MATERIALS

Equivalent stiffness of 1st set of springs

1 1 1
— e dE =
k, k k
k., =0.5k
The overall equivalent spring constant
=k, +k+k
=0.5k+2k
=25k
21. Ans: (c)
Sol: Given,
N=100r.p.m
P=1H.P
T="7
p_ 2nNT
4500
1- 2nx100x T
4500
-2 _716kg-m
2n

T=7.16%100 kg-cm

T =716 kg-cm
22. Ans: (b)
Sol. We know

Gd*

Spring constant k=———
pHng 64R*n

ko — (-+ R = Radius of core)

»
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1.25
Where R, =—2="+—
2
g _Di_25
2 2
23. Ans: (b)

Sol. Given :
Strain energy stored in spring U=80N-mm
Deflection (8) = 4 mm

1
U=— W5

) W
Stiffness (k) =5 5

o Axial load W = 2x80

=40 N

= 40 =10 N/mm

L g=N_20
5 4
24. Ans: (d)

Sol. Ph= %WS

1000x10 =%><K82

= %><200><82
8= 100 cm
25. Ans: (b)
Sol. Assume dia of wire 'd'

Given

Axial load on spring W = 500 N
Mean diameter of coil D = 10d
.. Mean radius of coil R = 5d

Since axial load on spring causes torque
in spring wire.

Torque in spring wire (T) = WR
We know

16T
nd?

Shear stress T=

_ 16x500x5d

80
nxd?

.. dia of wire d=12.6 mm
35. Ans : (c)

Sol. Deflection of a closely coiled helical
spring is given by

_ 64WR’n

S
cd*

36.

64WR3n

Sol:
° Gd*

Deflection, &=

doan

0, _nA

Oy Ny

66.

Sol:
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D*- —
T, _ 81 __ 81
T, D* D*
T, _80
T, 81
77. Ans: (d)

Sol:
T. =Vm® + T2 =/8% + 6% = /64 + 36

=4/100 =10 kN-m

78. Ans : (b)
Whollow Ah _ 1 _ k2 k _ i
SOI Wsolid As (1 — k4 ) g D
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