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m Conventional Questions ]

Solution : 23
Given: D =50 mm, L = 600 mm, P =150 kN, & = 0.23 mm, Torque (T) = 1.4 kN-m, 6 = 1°
PL
6= —
AE
3
023 = 155)t><10 x 600
— (502 x E
4
Elastic modulus, £ = 199.289 = 199.3 GPa
TL
And 0 = a
(1ox U ) 1.4x10° x600x10°
180° | = s
Gx—(50)*
32
Modulus of Rigidity, G = 78.44 GPa
E
Al G =
50 21+ v)
1+v = £:ﬂ:1.27
2G 2x78.44
ie. v = 1.27-1= 0.27 (Poisson’s ratio)
we know. K = E__ 193
' - 3(1-2v) 3(1-2x0.27)
Bulk modulus, K = =144.42 GPa
Solution : 24

When o, is applied along the two lateral directions,

©=%TETEE
However, if 6, is not applied, e, = —%
Op MOy MOy _ MOy Gpy %(1_1)
E E E 3 E E E 3
2 u
Hence c, = §m51

Net strain in the longitudinal direction :

, 61 MOy MG, _ G 2_u
= — — - = — 1 - 2 X =
“TFTE ETE [ " ]

, Q[B—Su—4u2

or e = E 3(1 _M) :| compressive.
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4 Mechanical Engineering @ Strength of Materials
. 1 .
Substituting m= the above expression reduces to
. 0y|8m°-3m-4
& = E| 3mm-1)
Solution : 25
We have E=2G(1+p)
E 1.9x10°
i = ——-1=—"—"—"—"-—_—-1=0.267
From which H'= 267 " 2x075x10°
E 1.9x10° s
= = =1.359x10 2
Also, K= 3a-20) ~3(1-2x0.267) N/mm
For maximum percentage error in the derived value of y, the error in the values of Eand G should be of
different sign. Let % error in Ebe +1 and that in G be —1.
E
= - = 1
Now n e
H o EL
ence W= oo
where, E’ = incorrect value of E=(1.9 x 10%) x 1.01
G’ = incorrect value of G =(0.75 x 10%) x 0.99
and W = computed incorrect value of 1
5
= 1.9%x10 5><‘I.O1 1200923
2(0.75x10° x 0.99)
wo—p 0.2923 -0.267
° i = —x100=—7——""—"x%x100=9.475%
Joerrorin = n 0.067 o
Solution : 26
Given: K, = Kg=K Eg=101E,
F ti h E = OKG
rom equation, we have = G13K
or EG+ 3 EK = 9KG
. EG
or 3 K(BG-E) = EG, from which K = m
Hence _EGa  _ Ko EsGs

E,G,(3 Gg-Ep)
3E,G,Gp-E,G,Es
GH(3E, G, 3E,G, + E,Ep)

or
or

E,G(3G,~E,)
3E,GyG - EAE4Gy
EAGAEB
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From which Gy =
or Gy =
Solution : 27

A =
0o =
Now, lateral strain =
But lateral strain =

o
mE ~
or mE =
Now E =
or mE =
or 41.26 x 10* =
From which m =
E =
Also, K =
Alternatively from equation K =

Solution : 28

(a) Volume of bar, V =
v
=
. v
=

I Rank Improvement Workbook 5

EAGAEB
3E,G, —3EG, + ELE5
1.01E,GE,,
3E,G, —3%x1.01E,G, +1.01E, -E,
1.01E,G, 101E,G,

1.01E, -3(1.01-1)G, 101E, —3G,

%(12)2 =113.1mm?
14x10°
113.1
3d _36x10°

d 12

=123.79 N/ mn?

=3x10™*

o | 'td'lt'—ixA—L
mE(uxonglumasram_m L)

3x 104

c 12379
3x10™% 3x10™

26(1 + l)
m

2G(m+1)
2x05x10°(m+ 1)

=41.26 x10* ()

y
3.126 and — = 0.32
m

41.26x10* _ 41.26x 10"
m 3126

5
E_ 182X10° 4 o5 105 Njmm2

3(1_;) 3(1 - 3.1226)

1
26(1 * m) _ 2x05x10°(1+0.32)

=1.32x10° N/mm?

=1.22 x 10° N/mm?2

3(1_2) 3(1-2x0.32)
m
7L
3b L
2?4-?: 26b+eL

26 © c( 2)
—_— —=—]1-—
mE E E m
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6 Mechanical Engineering @ Strength of Materials MRDE ERSY

26(1 + l)
m

E _,_ 2x10°
2G 2x0.81x10°
= 4.263

™
Il

Now,

—-1=0.2346

or

<|£ 5 3=

%(1 _2x0.2346) = — 12990 5309

Hence 1600(2 x 10°)

= 2488 x10°

1%

% reduction in volume RVA 100 = 2.488 x 10™° x 100 = 0.00249

(b) On the cube, p=06=wh

Here, w = 10080 N/m3 (for sea water) and h = 4 km = 4000 m.
o = 10080 x 4000 = 40.32 x 10 N/m?2 = 40.32 N/mm?2
mE 4.263x2x10° 5 5
_ = =1.256 x10°> N/ mm
Now, K= 3m-2 34263-2
oV o o
= — = —(by definition
Now e, v K( y )
c 40.32 3 3
= —xV=—"—x(100)" =321mm
V=% 1.256 x 10° (100)
Solution : 29
L) 2 3
Volume of bar, V = Zd L =0.785x (30) x 1500 = 1059750mm
i 1
Given Ialtera'l strain B B YR
longitudinal strain 4
E=2G(1+v)
50
= G =15 Ans
E = 3K(1-2v)
100
= ——=66.7GPa )
- K= 3{-2x025) Ans
K = ﬂ:>ﬂ=&3=1.499x10*3
(d\/) vV 66.7x10
V

Change involume = dV=1059750 x 1.499 x 1073
dV = 1588.83 mm3

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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8 Mechanical Engineering @ Strength of Materials MRDE ERSY

m Conventional Questions ]

Solution : 20
A B B c C D
150 kN £ 150 kN 50 kN E 50kN  25KkN[ ™" """TTFTTTTTTTT 25 kN
—> E «— — IS — 110 mm —>
134 ~« e
Hollow
Considering compressive stress as (-ve),
1 .
O = —% = —-240 MPa (square section)
50,000
= —— =-125 MPa
Orc 400
Op = +ﬂ =+83.33 MPa
400-100

G0y = —240MPa  (in portion AB)
240 125% 2000 83.33x 2000
| - = o000-
Changeinlength = =557 500 200,000 200,000

= —2.4-1.25+0.833 =-2.817 mm (contraction)

Solution : 21
Given: d,=1.8cm = 18 mm, (d,), =2 cm =20 mm, (d_), = 3 cm = 30 mm, / = 50 cm = 500 mm,
E, =2 x 105 N/mm?

E = leS =1x10° N/mm?
2

c

Let the compressive force developed in copper be P_. Then, the force developed in steel is P..
From equilibrium condition;

P, = P,
O XA, = O, XA,
T Y
os x5 x(1 8?2 = o, x 7% [(30)2 - (20)2]
o, = 1.5430,
As, nut is turned through 45° against the washer and pitch is 0.24 cm
Displacement = ggo x0.24 =0.08cm =0.3mm

.. Due to tightening of nut,
0.3mm = Extension of bolt + Contraction in tube

= %xL+&xL=[(1'54SGC)+( ¢ )]x5OO

E, E, 2x10°  (1x10°
03 = (885.75x 10%) x o,
6. = —-33.86 N/mm?

o, = 1.543x0,=52.26 N/mm?
where, 6_and o are the compressive stress in copper tube and tensile stress in steel bolt respectively.

MBDE ERSY @Copyng@
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Solution : 22
(i)

Elongation, A = nahdoE

4P1 4Pl
TEd1d2E - TCO’ZE
d = Jddy

Maximum stress for tapered bar

0. = = -
bar A’ﬂlﬂ s TCO’Z

P
Maximum stress in uniform C.S. bar
P 4P
8P
Gmax =2 Gavg = Ttd2
(ii)
T
da| P d P
o MR RS —
i I
Solution : 23
Force on central bar = 200 kN (tensile)
Let the diameter of central portion be d.,.
T 2
200x10% 254648
Stress = a = >— N/mm?
EdZ d2
2
4
But this should not exceed 150 N/mm?.
254648
150 =
ds
From which d, = 41.2 mm. Hence A, = %(41 2)? =1333.3 mm?
Also, A = %(50)2 = 1963.5 mm?

Let the length of middle portion be L, mm
Hence total length of the two end portions = 2L, = (500 - L,) mm

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




10 Mechanical Engineering @ Strength of Materials
A —
But A is limited to 0.3 mm.
03 =
or 2407 L,x 10 =
From which L, =
L, =
Solution : 24
Area of cross-section of wire, A =
Extension of wire due to the load, A, =
Extension of wire due to self weight, A, =
Here, w =
A, =
Total elongation =
Solution : 25

MRDE ERSY

PleL, , L _200x103[500—L2+ L ]
E[ A A | 200x10°L 1963.5  1333.3
500-L, L,
1963.5 1333.3
0.2546-5.093 x 1074 L, + 7.5 x 10* L,
0.0454
188.62 mm
%(500 —188.62) = 155.69 mm
7007 =78.54 mm?

3 3
PL _25x10 ><150><1(5) o341 mm
AE ~ 7854x2.04x10
w
2F

p g=7950 x 9.81 = 77.99 kN/m3
77.99 x 10%/10° N/mm?® = 7.799 x 107> N/mm?

7.799 x 107°(150 x 1000)?

2x2.04%x10°
A, + A, =23.41+4.30 = 27.71 mm

=4.30 mm

Let us use suffix 1 for aluminium wire and suffix 2 for copper wire.

The extensions A, and A, of the two wires will
and Fis given by

1

be different. Hence the displacement A between points £

A = §(A1+A2)
Also, from statical equilibrium, by taking moments about plane AC, we get t P
P,xAB = PxAE | Py |
p, = pAE_] A E B
AB 2 s o
2 o
P o
15 = 3l ¢
Hence P, = 3 2
) f~ dz
PL 2 2PL I e i
Now Ay = = = | 1F |
E, = 2
A e ok c —
P
2PL
Similarly A, = 5
ndyE,
vaw.madeeasypublications.org MRDE ERSYH ©Copyrigha




MRDE ERSY I Rank Improvement Workbook 11

1 11 2PL 2PL
A= oA A==
2 2| ncPE, ndlE,
PLI 1 1
or A= _d$E1 +d§E2 , which is the required expression.

If, however, both the wires are of the same material, £, = £, = E
Ao P
T nE d12 dg
Solution : 26

As the material is FG 300, o, = 300 MPa
P =25000 N, G, =300 N/mm?2, FOS =3

oyt _ 300 2
= ——=——=100N/mm
%~ Fos 3 /
25000(10 + 1)t
5 - %+W:25OSO+ 1 10+9C_ 100
Lz Li(at)?
12
12500  37500(10+1)
= —+ - =100
t t
or t3-500t-3750 = 0

Solving the above equation by trial and error method, = 25.45 mm, say 26 mm.

Solution : 27

Given:
16 m =16 x 108 mm

Length, /
Cross sectional area, A = 4 mm?
Weight of the wire ABC, W = 20N
Modulus of elasticity, £ = 200 GPa = 200 x 103 N/mm?.

Deflectionat C
We know that deflection of wire at C due to self weight of the wire AC,

Wi _ 20x(16x10%
c T 2AE  2x4x(200x10°

dl ) =0.2 mm

Deflection at B
We know that the deflection at B consists of deflection of wire AB due to self weight plus deflection due to
weight of the wire BC. We also know that deflection of the wire at B due to self weight of wire AB

(VZV)X(;) ) 10%(8x10°)

ol = = =0.05 mm N (
! 2AE 2x 4x(200%10%) 0
and deflection of the wire at B due to weight of the wire BC.
(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




12 Mechanical Engineering @ Strength of Materials MRDE ERSY

(Vzv)x(é) 10x(8><1o3) )
8L, = AE = 4><(200><103) =0.1 mm (i)

Total deflection of the wire at B.
dlg

8/,+06/,=0.05+0.1=0.15mm

Solution : 28
Longitudinal pull, P = 125 kN
Considering equilibrium of the bar, we have
P+ P, + P, =FP=125kN (1)
Pk Pl Pl
Aoy AumFa  AsEn

zZn—zn

E,, A, 100 375 . 15
Fan = Fo g a =130 280 "0 =13 e
cu cu
Ay Ex_ 500 80 16
P A, E, ¢ 250 130 ¢ 13 ¢

Now, substituting the values of P, and P, in equation (i), we get
15 16

PCU +§PCU+EPCU =125
44P,,
or 3 =15
13x125
PCU = 44 = 3693 KN
15 15
P.n= 13 =153 %36:93 = 42.61 kN
16 16
Par= 1o =75 %3693 = 45.45 kN
P, 36.93x10° 147 72 MPa
G = == = .
™ A, 250x107°
P, _42.61x10° 113,63 MP
Om = A 375x10°
Py _ 45.45x10°
= A= — _909MPa
A= A, 500x10°
[ 1 1]

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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14 Mechanical Engineering @ Strength of Materials MBDE ERSY

m Conventional Questions ]

Solution : 34

1L ole—

A B (Simply
& supported
[ L2 L/2 | beam)
wi2
(SFD) 2 C B
L/2 L2
—wi2
WL/4
(BMD)
A B
v C
M_ﬂi
Deflection diagram:
3
_ow
Omax = 8 £
w
A i B
l i
+W
SFD
(SFD) A L 5
A c B
(BMD)
—wir2
A I ¢ B
Deflection diagram:

3
(o558
Structural members subjected to compression and which are relatively long compared to their lateral
dimensions are called columns or struts. Generally, the term column is used to denote vertical members
and the term strut denotes inclined members.
Columns are generally fixed at the both ends while strut can have any end fixation conditions like both
end fixed, both ends hinged, one end fixed other end free, etc.

According to Rankine’s formulage,
1 1 1

_ = — 4+ —

PH ’De Pc

vaw.madeeasypuincations.org MRDE ERSYH © Copyrigha
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where P, = buckling load
P, = crushingload
For short column P_>>>> Pc
i 11
or p <<< — = — canbe neglected
e R
LI
P = R,
Pp = P,=Ac,
For long columns P, >>> P,
1 1

_ _ 1
<< —
P p, = P can be neglected

2
EI.
Po=P, = %
e
o A
Pr= 15 c(Sep

where, ¢ = Rankine’s constant and Se = slenderness ratio

Solution : 35
16 kN-M l 16 kN
—~ B c
/E oS
f4ml4ml4m 4m I4mf (a)
2kN 9 kN | BEAM
5 kN
11 11 kN
(+)
2 2
|
-)
5 5
30 KN-m
A (*) B B.M.D.
g0 c
Considering L.H.S Mg =0=R,x8-16
16
Ry= 5 =2 kN(T)
Considering R.H.S,, Mg = 0=R,12+ R,.4-16x6
or R-+3R, = 24 (D)

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




16 Mechanical Engineering @ Strength of Materials MRDE ERSY

16
16-2 = 14 - (i)

For the whole beam Ry+ Ro— Ap
F?C + F?D

From (i) and (ii), we get

Ry =5 kN(T) and R,=9 kN(T)
S.F. Diagram: ForaC:F_ = 2kN, which is constant from Ato C.
For CF: F. = 2+9=11kN, which is a constant from Cto F.
For FD: F. = 2+9-16 = -5, which is constant from Fto D.
The S.F. diagram is shown in figure.
B.M. diagram : For AE : M. = 2x, whichis a linear variation
Atx =0, M, = 0. Atx =4m, Mc(left) =2 x 4 = 8 kN-m
For EC: M_ = 2x-16, which is a linear variation

X

Atx=4m M =2x4-16=-8KkN. Atx =8, Mz=2x 8- 16 =0, as expected.
Atx =12, M =2 x12-16 = 8 KN-m

For CF: M. = 2x—-16 + 9(x - 12), which is a linear variation.
Atx=14m M__ =2x14-16 + 9(14 - 12) = + 30 KN-m

For FD M. = 2x—16 + 9(x - 12) — 16(x —14), which is a linear variation.
At x = 20m, M=2x20-16+9(20 - 12)-16(20-14) =0

as expected.
The B.M.D. is shown in figure.

Question : 36
Deflection at C due to UDL,

wit wid
= —+—-BC
Ye 8E1 T 6EI
_ 10x4% 10x4°x2
T 6EI
1600
e = 5Er
Deflection due to vertical force at C.
Rc-1°  Rg-216

Yo = 3E T 3E

. Equate defl" as net deflection zero.

1600 _ 200
= =S kN
Ao = %16 = 27

Solution : 37

R, = R;= 3 KN but opposite in direction
S = R, —%~2x~x: 3—x?

S = 0atx=+3

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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y
i . 5 X% 3
Solution : 38
Rgand R, be the vertical reactions at supports B and E respectively
Rg+ R = 20 x 0.5+ 50 + 40 = 100 kN
Taking moments about B
From Mg = 0, we have

(20x0.5)x0.25 = -~ 100 + 50 x (2+1) =R x 4.5 + 5 x 40
Solving we get, R = 55KN
Rg = 100 -55 = 45KN

40kN ____40kN
35kN 35kN
10 kN
15kN 15kN
Bending moment
0.5
At B, BM = (20 x 0.5) x - =" 2.5 kKNm
At C, BM = —(20 x 0.5) x 1.25 + 45 x 1 -100 = - 67.5 kNm
At D, BM = 40 x (1.5 +0.5)-55x 1.5 =-25kNm
At E, BM = 40 x 0.5 =20 kNm
At G, BM = BM=0

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




18 Mechanical Engineering @ Strength of Materials MBDE ERSY

6.75
00\\0 25 25
@,@
]
BM Diagram
20
Solution : 39
M
VAR
A |4 ] A
3m 2m
RA RB
Above is the loading diagram as observed from the bending moment diagram.
R,x3-M = -8 (1)
R,+R; =0 (i)
R,x56-M =0 ..(iii)
o M
From equation (iii), R, = 5
From equation (i), 3R,-M = -8
3m
— M = -
5 8
3M-5M 8
5 - _
Mg
= =
M = 20 kNm
M 20
R, = M_20 _ 4 kN
AT 5 5
4kN
Lo\ l
A 4 )
20 kN/m
3m 2m |
4kN
4 KN S.FD. |

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha
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Solution : 40

36 kN
10 kN/m 10 KN/m

C D E

preteeeettttettteeet
N

w

Let wbe UDL generated due to uniform ground level
EFy = 0 (for whole beam)
AC = CD=DE=ED=09m
36w-09%x10-36-09%x10 = 0

or w = 15kN/m

forAto C(0<z<0.9m):
15x-10x-V =0 M
V = bx l )
1 1 EEEE ,
M-—(15x)x+—=(10x)x = 0 D
2 2
At c, V = 45kN
and M = 2.025kNm
fromCtoD(09m< x<1.8m) 10 KN/m y
ZFy =0
= 15x-9-V =0 l
V = 15x-9 v
ERRERERA
IM =0 15 kN/m
f x |
= (—15x)%+9(x—0.45)+/\4 -0

M = 75x2-9x+4.05=0
At D, V=15%x18-9=18kN
M = 12,15 kNm
form Dto B — we can use symmetricity of the given loading.

18

V(KN)
45

45
|v

max

=18 kN

-18

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




Mechanical Engineering @ Strength of Materials MBDE ERSY

S.FD.
M (kNm)
Parabolic curve
|Mpper| = 12.15 kNm
| 2025/ 2.025
i ! Parabolic curve
| } | } X
A c D E B
[ 11 1]
[www.madeeasypuincations.org MRDE ERSYH © Copyrigha




Shear Stress
and Bending Stress

w Objective Questions ] g m Objective Questions ]
(1. 8 % EN ©
Bl © ; EN

(b) g (b)
3| % Ex
B © ; EN ©
5. M8 : 24. 03
(. MO ~ 25 ED
7. K@ ll 26. EEXE)

)
s O 4 . [0
0. KB % EN 625
[ 10. MG > IO
]

BN o E EN 625
EN o g EN 2ss67)
[ 13. ) i EN »
14. B g EN te667)
o o B
o =T
17. [{0) ? EN 020
g @) Pg (T

(b) &
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22 Mechanical Engineering @ Strength of Materials MRDE ERSY

m Conventional Questions ]
Solution : 37

Having same material and equal weight per unit length means same area of cross-section for all three
beams.

|-section
Area of cross-sections = 2 x 150 x 20 + 260 x 12 = 6000 + 3120 = 9120 mm?

150x300°  138x260°

lo = 12 12
= 337.5x 109-202.124 x 10° = 135.376 x 10° mm*
6
Z, = Ww.go%mo?’ mm®

Rectangular section
Area = 2B° = 9120 (same area of cross-section)

B = 67.53mm
D = 135.055m
2 2
z, - BD _ 67.53x135.055 — 0.20529 x 10° mm?
6 6
2
Circular section, % = 9120
Diameter, d = 107.758 mm

ng®  x(107.758°%)
32 32
Z,:Zy: Zy = 0.9025:0.20529 : 0.122845 = 7.346 : 1.671 : 1

=0.122845 x 108 mm?*

Solution : 38
Given: a = Side of square = 10 cm, F = Shear force, d = diagonal of square

AS, T = @ /\
b

4 NJ

a
= — V=F
Here, Iy = 15 x_/

Consider the section at distance ‘y’ from neutral axis.
0 = First moment = Area x (Distance of CG from neutral axis)

Area = l><(g—y)><b
2 2
Distance of centroid from neutral axis,

1 d 1 vy 2y d
+—=x|=- + === —+—
=Y 3 (2 y):> y 6 3 = 3%

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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1 d 2y d
VG_FXZX(Z y)xbx(3 +6)

’ Ib 4
(dJ X b
12
d
As, a= ﬁ
1 (d 2y d
szx(Z—y)xbx(3+6)
v at
45
Here, T = Function (y) [As value of force F, diagonal d are constant]
For maximum shear stress,
art
a = °

VR
N Q
|
<
N————
VY
wlnN
N————
|
VY
N
o &
+
olQ
N————
I
o

33 3 6 0
6 3

a _ 4

6 3

_d

Y= %

d = axy2=+2x10=10J2 cm
Position of the layer at which shear stress is maximum is,

10v2 .
y = OT\/_ = 1.76 cm from neutral axis.
Solution : 39
fe———— 300 MM ——|
20 mm_f“ | |
| 200 |
mm
450 mm
NLA - m oo oo oo

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ
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Second moment of area of whole structure

Ly, = 35,O6O+2|:%><30><23 +30><2><23.52]

= 101370 cm*
Now as maximum stress will be near supporting plates
My
= Omax =
Permissible stress = 125 MPa
M x24.5x1072
126x 106 = ——————
101370%x10
= M = 517.19 kNm
(i) Letthe central load be W
o WL . .
If joist is simply supported M = e at mid point
W x5
108x517.19 = 4
W = 413.76 kN

(i) Letthe plates be riveted at a distance x meters from each support.

[—— X —> l—— X —|

Bending moment at this reaction

w 413.76
= Sxx = x10% xx = 206.88 x kNm
Now as 1 =35060cm?*
35060
Z= i = —— =1558 cm3 = 1558 x 106 m3
y 22.5
M
E = Omax
= 206.88 x x 108 = 125 x 10° x 1558 x 107
125x1558

x= —222 997  _0.9415m = 0.942 m
206.88 x 10°

Minimum length of plate = 5-(0.942 x 2) =3.116 m

Solution : 40
w kN/m

oo n L
= i
| L | b—b—
. 5w
Given,L=8m, P=60kN, § . =10mm, E=210GPa, 6., =50MPa,§__ = 384E] [ P=w]
5P
So, Svax = 3gaET
vaw.madeeasypuincations.org MRDE ERSYH ©Copyrigh9
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25
3 3. a3
7o 5P _ 5X6OX1S x 8 - —19x104nf
384E8  384x210x107 x10x 10
Maximum bending moment,
wl>  PL 60x10°x8 3
Mmax = ?=§=T=6OX1O Nm
Mmax
Gmax = Z
3
So, 7 = Mra_80X10_, 5, 109 1
Orax  90x10
b b
12 6
r_d
z 2
-4
g - 221900 5467 m
Z 1.2x10
-4
b= 1231212><1.9><1g) 00718 m
d (0.3167)
Breadth of beam, b = 71.8mm A
Depth of beam, d = 316.7 mm ns.
Solution : 41
| 14.12 |
| |
—4. 71—
\ —— T__=14.71 Nimm’

)

Shear Stress Distribution

Maximum shear stress occurs at the neutral axis.

Distance of neutral axis from the top edge :

y
Centroidal position is given also.

Thus, Tax

(150 50) x 25+ (150 x 50) x [75 + 50]
(150 % 50) + (150 x 50)

25+125

= =75mm

2

= ixAy

b
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. 190xT000 450 50)x 50+ (50 % 25) x 12.5]

5312.5x10% x 50
= 14.71 N/mm?

Shear stress in the flange at the junction of flange and web,

_ _100x1000 150 %50 x50)

5312.5x10* x 150
14.12 N/mm?

The shear stress distribution is shown in figure.

Solution: 42
R,+ Rg; = 60kN
or M, = 0
= 25 x 150 + 35 x 750 = Rgx 950
30000
= ——— =31.58kN
= s = 550

R, = 60— Ry =28.42 kN
My = R, x 150 = 28.42 x 10° x 150 = 4.263 x 10° N.mm
M, = Rgx 200 = 31.58 x 10° x 200 = 6.316 x 10° N.mm

M, = M,=6316x 106 N.mm
Mmax _ 32Mmax
Omax = 77T pgl
32x6.316x 10° 3
3 = = 643668.79
d 100x3.14 mm

d = 86.3mm say 90 mm
Solution : 43

W(Load intensity)

!

20 cm
4m
R :M R =M l
L 272 |<15cm—|
Maxdimum bendi s atth (%) Lwee_we
aximum bending moment is at the centre = 5 > 5 4_ 5
Maximum bending st M Mpax X012 _ 6 Mpyay
FAMEMBENANISIEss = %=1y = ba® bd®
12
6w 3 w2
- B0x100 = oL S SxWx1b
8bd” 4 bd®  4x0.15%(0.2)
- W = 15kN/m
F

Transverse stress Tnax =

16———=3
150 x 200

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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Shear force, F = 60,000 N = 60kN = %
60 = Wx?2
W = 30kN/m

Allowable load, W = 15 kN/m (taking lower of two)

Solution : 44
Let the diameter of rod be “D” m.

Weight of rod = p x volume x g

786Ox%><D2><3x9.81 =181,678.15 DN

181,678.15D°
3
Maximum bending moment for simply supported and uniformly loaded beam

Weight per unit length of rod N/m =60,559.38 D2N/m

8 8
M,
Gmax = ;ax
2
28 % 106 = 68129.303D
Z
I T D4 T 3
= — =" = —D
z y 64D 32
2
68129.303 D%
28 x 10° = B ——
= xD?
32
D= 0.0248 m = 24.78 mm
Solution : 45
Let D = inside diameter of the drum (1.25m)
d = diameter of rod (6 mm)
| = radius of curvature of centreline of rods when bent
As the rods are coiled inside the drum,
o - D-d _ 1250-6 622 mm
2 2
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1= Zot =314 (6)* — 63617 mm
64 64
As per theory of simple bending,
S_M_E
Yy T I p
E 200x10° .
SO, Oy = Eymzwx3=964.63 MPa Ans. (i)
3
M = E= 200x10° x63.617 90455627 Nmm

p 622

Bending moment corresponding to maximum stress,
M_,. = 20.455Nm

m

Solution : 46
MOI about neutral axis: ;»@
1 3 2 110 mm T
I, = §x200X12 +200x12x(104) __@ 104 mm
N1 I _L A
I, = 25.9872 x 108 mm?* e,
1 3 : @
I, = EXBX(196) =5.0197 x 108 mm4 L ] thmm
|«<— 200 mm —|
Iy =1,=259872x 10°mm*  (from symmetry)
I=1+1,+1,
I=(25.9872 +5.0197 5 + 25.9872) x 108 mm® = 56.944 x 108 mm?3
M
Gmax = ?

Largest bending moment, M = 6, x Z
M = 155 x 0.5177 x 108 Nmm
M = 80.24 x 106 Nmm

or M = 80.24 x 108 Nm

Solution : 47
Calculating reaction forces
IF, =0
Ry+ R = (2x3)+4=10kN
R, + Rg = 10000N

M, = 0
3
E’AXB—(GXE)—(4X1) =0
3R, = 9+4

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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Calculating bending stress at “C”

Bending moment at

I Rank Improvement Workbook 29

13
Ry = 5N
13 30-13
- 10-—==222°
A 3 3 3
4 kN
2 kN/m |
13 17
3 3
4 kN

-
w

!
i

M = gXx—Zx%‘v’xe(O, 2)

= EkN

M= B ok _4(x-2)Vxe (2 3)
3 2
x=2m
13 2
= —X2-2Xx2x= = -4 =
M, 3 7 8.67 — 4 = 4.67 kNm
1
Y
d D
b,
|
: B |
B = 75 mm, D =200 mm
_ 5 15
2 2

d = 200-20 =180 mm
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_ 30 mm
=5 =
;. BD® _2xbd® _ 75x200° 2x30x180°
12 12 12 12
= 20840,000 mm?3
_ 1 _ 20840000 203400 mm3
Y= 7 T H00 T
M
Bending stress, c= =
V4
0. = M =22.4088 N/mm2
b 208400 T
Itis compressive in nature
Calculating shear stress at location “D”.
_ My
YTz
13
F=R,+(2x2)+4= ?+4+4 =12.33 kN
I B |
I |
I o |15
95 % : 120 ¢4O
50
15 — |~
All dimensions are(in mm)
AY = Ay + A,

Principal stresses

= (75 x 10 x 95) + {(90 — 50) x 15 {20 + 50}
= 71250 + 42000 = 113250 m?

22.4088 Nmm”

22.4088 Nmm”

4.47 Nmm”

MRDE ERSY

_ F(Ay)  1233x10°x113250 a7 N
U= Zx1 T 20840000x15 A7 N/mm
4.47 Nmm’

[www.madeeasypuincations.org
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Gb+1 2 2
= L+ ot +41
2 T 2oVP

6, , = L:O%i%\/(zz —4088)° + 4 x 4.472

= —11.2044 + 12.063
o, = —23.3674 N/mm?
G, = 0.8586 N/mm?
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Torsion of Shafts

m Objective Questions ]
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m Conventional Questions ]
Solution : 27

Torque Tis applied at section B and is shared by shaft AB and BC, as shown
T,+T,=T (1)

0,5 = 05 (since 8,,=0)
T,x04  T,x04
GJ, GJ,
J; =16 J, as d; = 40 mm, d, = 20 mm(d, = 2d,)
L_ T
T, = 167,
So T, =094117T
T, = 0.05883 T

Assume that maximum shear stress occurs in AB,

T, = %rx403 = %><100><4o3 = 1256637 Nmm = 0.94117 T

Torque, T = 1335186 Nmm = 1.335 kNm

Then, T, = 78540.35 Nmm = %x % 20°
v = 50 N/mm?in portion BC. (Less than permissible hence, OK)
Hence, T = 1.335kNm
Solution : 28

Given: d = Diameter of solid shaft, df,= Diameter (outside) of hollow shaft, d. = Inside (diameter) of hollow
shaft, d,/d, = 2/3
As both shafts transmit given torque with same maximum shear stress, then,
(Zp)s = (Zo)p
Z, = Polar section modulus

4
ld3=10’8>< 1—i ;
16 16 d,

4

2

3= aEx|1-]=2
o= {5

d=0.929d,
a, = 1.076 d
= %do = %x 1.076d = 0.7174d

A, = Cross section area of solid shaft = %d2
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A, = Cross section area of hollow shaft

LY R B L 2 _ 27 _ T 2
_4@% q)_4duuﬂm (0.7174F] = (06431 x 7 d

Comparison of weights of equal lengths and same material, % =0.6431
S

.. Weight of hollow shaft is 0.6431 times the weight of solid shaft.

Solution : 29
Mean torque to be transmitted

P 600000
T = %= 2nxiio - 52087.07 N-m
60
Max. torque transmitted
T = 1.2x52087.07
= 62504.5N-m
T T Go
R J I
Considering shear stress
T Go
R~ I
T
@=@ _ 84000 x 1.4 x 180 _ o .opu1s
R ) 3000
, 63
R = outer radius = 068417 = 92.08 mm

3
r = Inner Radius §><92.08 =34.53 mm

Now consider maximum torque

T8 _oesia
J T
62504500
————— = 06814

J
J = 91729527.44

T (@2 -d?) = 91729507 44
32
3
d = 34
8 2

}
4

' 4 3

—xdy[1-]= =

30 2|: (8):| 91729527 .44
d, = 175.7mm

d

r, = outer radius = = 87.85mm

2
2

MRDE ERSY
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3
r, = grg =32.94 mm

Consider maximum combination out of two so the answer is
r, = 92.08 mm, r; = 34.53 mm

or d, = 184.16 mm, d, = 69.06 mm

Solution : 30
Given, d=60mm, D=100mm, G,=2 G,

<— 60 mm —>

100 mm
4 4
(Z) — 'JHOIIOW — l(D _d )
P/Hollow shaft D/2 16 D
Jsolid _ T A3
(ZP)sofashatt = D,/2 16
From the given condition, D45d4 = D3
4 4
D3 - 100" -60
! 100
or D, = 95.5mm Ans.
GJ J
Ratio of torsional rigidity = (Wses = oSkl
(GJ)AIon JAIon
2(D* —d* 4_ppt
or Ratio = ( v )=2 100 SSO =2.093 Ans.
D; 95.5
Solution : 31
We know,
2nNT
Power = —= kW
60x10°
250 2rx 150 x T
- 60x10°
or T = 22.282 kN-m
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T d?
For the hollow shaft J, = mo(dt-d*) = 220 [(1-(0.7)*] = 0.0746 d_* m*
32 ° ! 32 0
For the solid shaft J. = o= g
’ s 32
N k that L%
ow we know tha TE XS
but T and t are equal for solid and hollow shafts, hence
I _ s
d, d
o 0746dy  nd*
d, -~ 32xd
or 0.7599d 32 = o3 (D)
Also, for solid shaft
T d
T.= &7 X =
S JS 2
22.282x10° x dx 32
or 90 x 106 =
nd*x2
or d = 0.108m
now, from equation (i), we have
0.7599 x d ® = (0.108)3
d, = 0.1183m
Hence d. = 0.7x0.1183=0.0828m
Now, area of solid shaft
A, = g % (0.108)2 = 9.16 x 10-3 m?
Area of hollow shaft A, = g(0.11832—0.08282):5.607 x 1073 m?2
. . , A — A, 9.16 - 5.607
Hence, percentage savingsinweight = 2 x 100 = 916 x 100 = 38.78%
s .
Solution : 32
Given
a _ 0.7, P =500 kW,
D - -y - 3
N = 300r.p.m., T uanie = 65 N/mm?
6 = 1°= — radian
- ' T g 9
G = 8.2 x 10* N/mm?
From, P=To
P Px60 500x10%x60
Torque T=—-= = = 15923.6 N-m
q ® 2nN 2x 1 x 300

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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where polar moment of inertia, J

For shear stress, T

For angle of twist, )

180

D

I Rank Improvement Workbook 37

6o _z
=
T
— (D*—- g4
32 ¢ )
D
2
Lr
J
15923.6x10° A
L(Dél _d4) 2
32
117.98 mm
10
GJ

15923.6 x 10° x 2.4 x 10°

8.2x10% x * (D* — )
32

137.57 mm

Hence minimum external diameter of shaft = 137.57 mm (taking bigger one value).

Solution : 33
Diameter of solid beam = D
Diameters of hollow beam = D, and D,
Let L = Lengthof each beam
W = Weight of each beam
p = Density of the material of each shaft
Weight of solid beam = Weight of hollow beam
Y
= pxgx%D2><L = pxng(DS—Df)xL
- D2 = [R-[P (i)
T A3
Zoolid = ED
T 4 4
= Dy - D
Zho\low 16D0 [ 0 ! ]
Zs D D®  DxDyxD?
Zy  Dg-D} (D +D?)(D§ -D?)
or Zs _ Dx Do x (Dg _ D,2) [from equation (i)]
Zn  (D§+D?)(D§-D7)
Zs DD, Dx Dy
or 7 T 2L 2 (am? 2
ho Dh+DF (eDf -DP)
(@ Copyright MRDE ERSY www.madeeasypuincations.org]
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Solution : 34
Torque on the segment AB = 1020 + 1020 + 1360 = 3400 Nm
Torque on the segment BC = 1020 + 1020 = 2040 Nm
Torque on the segment CD = 1020 Nm
Maximum shear stress in the segment,
3
AB = m= 41.05N/mm?
TX75
Maximum shear stress in the segment,
3
BC = M = 42.56N/mm?
T X625
Maximum shear stress in the segment,
3
CD = M = 41,56 N/mm?
Tt x50
Maximum shear stress in the shaft = 42.56 N/mm?
600 x 3400 x 10% x 32 .
Twist of the segment AB = 2 —— = 0.008210radian
8x10" xtx75
600 x 2040 x 10% x 32 .
Twist of the segment BC = 7 -— = 0.010213radian
8x10" xtx62.5
600 x 1020 x 10° x 32 .
Twist of the segment CD = 7 7 = 0.012468radian
8x10" xt x50
Twist of the end D with respect to the end A = 0.008210 + 0.010213 + 0.012468 = 0.03089 radian
= Wdegrees =1.77 degrees
Solution : 35
L AT, +Tx}dx
o= Y,
Given fx) = Ax + B (varies linearly)
at X = t(x)=0
at = HL) =t,

W O =
I
> Q » - O
o
+
w

O"F
I
—
+
o

>
I}
~|
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tO
tx) = —

Let T,and T, be the reaction torqtes. " (' (/Y (/Y (\/\/\f\/;) |

Considering “dx” element length at a distance x from end “A”. C
|
1 . I X dx
T = EX (x)x x
2
T = lXxXto— = tox
x 2 L 2L
L L 2
t.x< | dx
oo Joo= [l 50)E
1 t LSH 1 [ tLZ]
= T L o = — O—
Ga| b 2L[3 v/ R
As shaft is fixed 6=0
1 tL2
0= G_J_TA.L-FO?}
t1?
=T,L+-2
0 AL+ 5
7= Lt g
8 6 %L;\ s /7 /
O
Ty= sxLxt,+Tg
Lo GL_
6 = 2 8
T - L tL _ t,L—3t,L
B~ 6 2 6
A [ ‘
o3 T, o s /// "
Expression for ¢(x) O)( ( ( \ \ \ \ @
X(TA+TX) dx
ox) = .([ GJ
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Tocalculate : ¢,

-2k afe]
dx ~ GJ|dx 6 dx[ 6L

o T G o]

GJL 6 6L
%L _ Ox2
6 2L
2
L2
x="73
L
OIS atx = N [Location of ¢, along the bar]

r 3
— 1 tOL to x3:| _i[_ixi_{_t_oxlx(i)]
e = Gl "6 T3 TGI8 VB 2L 3 \B

if_toL2+tix£ RS [_1+1] 1 [—3+1]
T GJ| 63 6L 3J3]| T GJ| 63 3]~ GJ|eJ3]l 3
LL] IR A
- GJ|L 93] T ofzas 271G

Solution : 36

The given shafts are connected in series. The ratio of the torque to the angle of twist (7/6) is defined as
spring constant.

(9AD:91+(92+93

0= 1k

6xm 11 1 1

K K K
T GJ
=TT
3 4
K, = X0 XXM _ 505, 107 Nmmirad
64x 800
3 4
k= LA XEXUEE) 57 467 Nmmrad
64 x 800
3 4
k, = 82XA0°xmx(8) 505, 107 Nmmyrad
64 x 400
Torque = 1.1 kNm
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Solution : 37
Angle of twist will be same for this case.

., GdJs 80 0.04*

s _ s S UM 04475
T, = G, 447 006%— 004 0
T.= 1 ><%><o.o43 (i)
T_TZ =1 Xlxw (|||)
b= bTHT 674G 0.06
T, 24

% - €X£= 0.4475 from equation ....(J)

b

Ts

., = 1212

It is therefore evident that the bronze will reach its limiting stress of 38 mN/m? before the steel reaches
its limiting stress of 60 MPa. The maximum stress in the bronze is therefore 38 MPa and the maximum
stress in the steel is 38 x 1.212 = 46.1 MPa

Therefore, T, = 46.1x 10° x % x (0.04)°
T, = 580Nm from equation ....(ii)
0.06* - 0.04*
d T = 38x10°0 x x——2 ==
an T 6 T 006
= 1293 Nm from equation ....(iii)

T=1293 + 580 = 1873 N.m
Power = Torque x ®

_ 1873 x 2%X900 _ 95w
60
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m Conventional Questions ]

Solution : 33

For6=0%¢ =¢,=1100x 10°
For 6 = 40°
€, +E

e —¢€ (0]
e, = Y+ X Y cos 20 +—Ysin28
S 2 2

Substitute &, = &, = 1496 x 10°6
and e = 1100 x 10°5;

Then simplify and rearrange: 0.4132 g, +0.492400¢,, = 850.52 x 0 (i)
For @ =140°

e +¢ g —¢ (0]
e, =— Y Vcos20 +—Ysin2o
2 2 2 2

Substitute €, = e, =—39.44 x 1076

and g = 1100 x 10°5;
Then simplify and rearrange:
0.4132¢,-0.492400¢,, = —684.92 x 06 (i)
Solve equation (i) and (ii)
e, = 200.4 x 10 and 0,, =1559.2 x 106

E
Hooke's Law, 6, = -2 (Sx + Hﬁy) =91.6 MPa

Solution: 34

Given: o,, 6, are the principal stresses.
(i) According to plane stress transformation equations

’ Oy +Gy (O _Gy . .
6 = + cos26 + 1., sin20 (D)

X 2 2 y

’ Gx +Gy Gx _Gy . ..
o,/ = 5 - 5 cos26 - 1,,sin26 .. (i)

Adding equation (iy and (ii),
G + G = G +G

Similarly, o, =

+15, (i)

2

J J w
Adding, ()and i),

G1+62=Gx+6

y

— ’ ,_
Gx+6y_6x +Gy_6x+6y
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(ii) Mohr’s circle for pure shear stress state.
T

Radius = 1
‘EJ [‘E >
-1 T
T T
Mohr’s circle for hydrostatic state.
TG
[¢) o
P — = (G‘ O)

lo

. Mohr’s circle in this case will be reduced to a point.
Solution : 35

Givendata: D=100mm; R=50; t=5mm; T=1000N-m

Moment of area
J = 2nR3t=3.925 x 108 mm
Shear stress = Tx80 1000 10% x 50
: TT 30925x10° T 3.925x10°

T, = 12.73N/mm?
Principal stress
6 = T,,Sin20
6, , = 12.73sin 20
o, = 12.73N/mm?, 6 = 45°
o, = —12.73N/mm?, § = 135°
0’s are with direction of torsion moment.

A

~12.73 N/mm2

MRDE ERSY

7

.

—"12.73 N/mm?

12.73 N/mm?

= —12.73 N/mm?

-~ AN
Solution : 36
Rectangular strain gauge rosette
gp =—220x 105 g,.=120x10°
g =220 x 1076, E=2x10°N/mm?; u=0.3
Now, principal strains are given by H
_ €90
e - S0 S0 S0~ Sa c0s20+2sin2e
45 2 2 2 €45
120x 106 = ¢f2
.. Principal strain
2 2 45°
_ ST, [So=Cw0) (& ——J
€1€2% 7 2 2 o
2 2
= i\/(220><10_6) +(120x107°)" = +2506 x 10
vaw.madeeasypuincations.org MRDE ERSYH ©Copyrigh9
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Principal stress
2x10°
1-0.09

x175.42x107% = 38.5 N/mm?

E
o, = (e +uey) = (250.6x 10 - 75.18x10°°)

2x10°
0.91

E
o, = T_3(% *He) = -38.55 Njmm?

Direction of principal stress

o 240

@26, = e —440
20, = -28.61,151.4
0, = —14.3°,75.7°

Solution : 37
The maximum principal stress is given by

o, = %( x+cy)+%\/(cx—cy)2+4fc§y

1 1 2 2
150 = 5(1OO+6O)+§\/(1OO—6O) +472,

L 2
150 = 80+§,/1600+4rxy
140 = /1600 + 412,

19600 = 1600 + 415,
1,, = 67.082MPa

The principal planes are given by

2t  2x67.082

= = 3.3541
c,-o, 100-60

tan 20 =

4 =36.6992, 6,=126.6992°
The minimum principal stress is given by

Gx+6y = 04+0>

100 +60 = 150 + o,
o, = 10MPa
OR
1 1 2 2
o, = §(100+60)—§ (100 -60)~ + 4(67.082)
o, = 80-70 =10 MPa

1 1
Maximum shear stress, T, 5(61 -0,)= 5(150 -10) = 70MPa
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Solution : 38
Ifo,,, 6,,, 045 DE the three principle stresses, then the principle strains t,,, t,,, t,; obtained by Generalized
Hooke’s law as:

_ G141 G2+ 033 -
€ = (1)

E mE
_ O 033+ 014 -
€2 = T pE -0
c 61 +0
€4 = %—% ...(iii)
where, E = Modulus of elasticity
1
and — = Poisson’s Ratio
m
on (i _ s D22 Y ;
From equation (i), we have Ee,, = o4 o m .(iv)
c o
From equation (ii), we have Ee,, = 6,,— =331 (V)
m m
ion. (iii .St S22 i
From equation, (iii) we have Ee,, = 044 o = ... (vi)
Subtracting equation (v) from equation (iv), we get
1+-2 i
Ele 1 —€,5) = (0,,-0,) +F ... (vii)
From equations (i) and (iii), (vi), we get
1 1 1 13\ 1
Ee, +€e,) = 0y _F ~0,, +F o ... (viii)

y
Multiplying equation (vii) by (E) and subtracting from equation (viii), we get

1 1 1 2 1 2
E|:(1—E) €14 +E}(E11+E33) = (511(14-;—?) = 04 (14—;)(1—;)

m m

1 1
E|1-— —
( m)ess +m(€11 +€22)

Similarly, 633 = (1_1)(1_2)
m m
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Solution : 39
Given that, o, = -8 kN/cm?, 6, = 14 kN/cm?, t, = -5 kN/cm?
the principal stresses can be found as

2
c,.+0 0, -0
G _ x y + X y +,cx2
1,2 2 - 2 y

2
-8+14 -8-14 2
= —5 ¢ \/( 5 ) +(-5)" =3+ J121+ 25

= 3+12.08
= 15.08,-9.08 kN/cm?
Strain in the direction of 6, is given by

1

e, = =(6,-Vo,) = [15.08 + (0.28 x 9.08)] x 103

E 2.1x10°
= 8.39x 1073
Strain in the direction of o,
1 1
€, = E(GZ_V (51) = m [—9.08—(0.28 X 1508)] x 103
= —6.33x 1073

Change in length of the diameter along o,

= €, x100=28.39 x 103 x 100 = 0.839 mm
Change in length of the diameter along o,

= €,%x 100 =-6.33 x 10 x 100 = -0.633 mm
Hence major axis of the ellipse
100 + 0.839 = 100.839 mm

Minor axis of the ellipse
100-0.633 = 99.367 mm

Principal planes’s direction is given by
2t,, 2x(-5)

tan26 = = =0.455
G, — Oy -8-14
20 = 24.44
hence 0, = 12.22°
0, = 1222 +90=102.22°
Principal planes are shown in the figure.
14 kN/cm?
5 kN/cm?
EE
8 kN/emZ—>f - oo 8 kN/cm?
of ! \\01
5 kN/cm?
14 kN/cm?

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




48 Mechanical Engineering @ Strength of Materials MRDE ERSY

Solution : 40
o to, 1 . 130 MPa
() O, = x2 yiE\/(Gx_Gy) +41%, ‘ —~ 40MPa
_ 2004189, 1 270 - 130) + 4 x40 5 F
2 2 270 MPa ~—— P > 270 MPa
= 200%\/1402 +4x1600 J
= 200+ 80.62 40MPa  <— ‘
G,.,(0,) = 280.62MPa 130 MPa
6., (0,) = 119.38MPa
21
tan20 = xy 240 - 20=29.74°
6,-0, 140
8, = 1487°
and 0, = 104.87°
1 1
(i) Maximum shearing stress = E(Gmax —Gmin) = 5(280.62—119.38)
= +80.62 MPa
Direction of shearing stress = 6, + 45°and 0, + 45°
ie., 59.87°and 149.87°
Solution : 41 6,=-110 MPa
Given: o, = 160 MPa
o, = ~110MPa —y—» T 120MPa
T = 120 MPa T=120 MPa

Gip = %(Gx+6y)i%\/(6x—6y)2+412 ‘ 0. = 160 MPa

- %[(160—11O)i\/(270)2 +4><1202]

- 1[501361 25]
2

6, = 205.625MPa, o,=-155.625MPa Ans. (i)
21 2x120
tan26, = = =0.889
P~ o,-0, 270
20, = 41.63°and 221.63°,

0, = 20.815°and 110.815° Ans. (i)

6, +0, 160-110
2 2

Centre of Mohr’s circle 25
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(=110, 120)

“/ 26
oY) 26,

(160, — 120)

2 2
c,—C 160 +110
Radius of Mohr’s circle = \/( x y) +r2y = J(%) +120% =180.6239

2 X
cosa = 2
~180.6239
o = 8204
20 = 20, + 180 — o= 139.58
Position of the plane on which normal stress is zero.

= 0=69.8°

EEEE

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




Strain Energy and
Thermal Stress
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N - % EEN e7)
= (d)
B o : 14|
B - g [ 15. G
n (a) % m (@)
m——— g 17. {0
m (@) g m (d)
B (B
g EEEN
[ 10. O §
§
]
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m Conventional Questions ]

Solution : 20

Given: A B

Simple supported beam loaded by uniformly distributed load.
Let U, be the elastic strain energy due to bending of beam.

L MPdx
Vo= looEs
wiL
Ra= >
«
NEEEREEEE
R, :
b W _we®
T2 2
U ] o
e~ pFrlo|2
U = < o - 2Lc
g WL L 28] w ><[20+12—30]L5
e~ 8EI|3 5 4| 8EI 60
wils ) w215 WS |
Ue - 240 EI | 1 3 _20Ebh3 (1)
240% Ex__ bh
2 2
Now, o = My _6M _6xwl” _ 3wl

mex T I pd? 8xbh® 4bh?
Volume of beam = Ax L =(bx h)L

2
(GW ]x (Ex volume of beam)

= | 2 ['|45
w2t 8 w2L°
- & A)xl = ———==U,
32b2h4Ex45x(bX ) 240 Ebh® ¢

This expression is same as obtained by equation (i).
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Solution : 21

Mechanical Engineering @ Strength of Materials

The bolt is tightened so as to reduce the length of tube by 1.5 mm.

Bolt (steel)

15 mm /
E Brass tube

Here length of the tube is not given. Assume length = 1000 mm

Case-1: Before heating
Let, o
O
Therefore,
651 x As
where, A s
Ay
Oy X 78.5
c

sl

stress induced in steel bolt
stress induced in brass tube

Ohi XA,

T

Area of steel bolt = Zx(1 0)? = 78.5 mm?

Area of brass tube = %><(252 -15%) =314 mm2

Oy x 314
40,

Since change in length of tube = 0.15 mm (given)

Assume, length of tube

Strain in Brass tube

Stress induced in tube

Oy
where E,
O

Ot
After heating
682

Case-2:
Let,

Opz

Ob %5

Eb Es

Ay

&,

aS

G, %314

Ogp

Opo

1000 mm

() - (o)

= (Etube)x(s)tube
Young's Modulus of elasticity of brass tube = 1 x 10° M/mm?
0.15
1x 100 (_) = 15 N/mm?
* 1000

46,,=60N/mm?

stress induced in Steel Bolt
stress induced in Brass Tube

(o, — o)t

632 As

coefficient of thermal expansions = 1.9 x 1075/°C
coefficient of thermal expansions = 1.2 x 1075/°C
0, X785

4o,,
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b, Os,

+
1x10° 2x10°
20,,+0, = 2x105x 0.7 x 1075 % 40

(1.9-1.2)x 105 x 40

26,+06, = 56 .. (ii)
from equ. (i) and (ii), we find the value of 6,, and 6, —
Put, o, = 40,, inequation (i), we get
206,,+406, = 56
6o,, = 56
0, = 9.33N/mm? o, =37.33N/mm?

.. Total stress induced in Brass Tube:
o, = 9.33+15=24.33N/mm? (compressive)
and total stress induced in steel bolt
o, = 37.33 + 60 =97.33 N/mm? = 97.33 N/mm?
o, = 24.33N/mm? (tensile)

Solution : 22

]

T / el
£ £ S
u‘; Copper Rod S cg
N — —
1N =

o 1—Steel Tube o

A, = 0.785x (1.6 x 1092 =2x10%m?

A, = 0.785x (2.52-1.8%) x 1074 = 2.3628 x 104 m?

Let L is the length of the copper bar and steel tube.
Due to increase in temp copper will be in compression and steel will be in tension.

Let o, = Compressive stress in copper rod
o, = Tensile stress in steel tube
Now A, = A,
LaT+250 = La,7-2001
ES EC
G, ©
o -o) = =2+==2 L
(o, — o) ETE, (i)

and compressive force in copper = Tensile force in steel
GC AC = ASGC
26, = 2.3630,

Cc
o, = 1180, (i)

C
os . 1.180,

210x10% 100x10°

From eq. (i), (20-12) x 10%x 190 =

8x 106 x190x 10° = O L"'m
210 100

12520 x 10° = 0.01650,
o, = 91.77MPa (tensile)

6, = 108.3MPa (compressive)
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Solution : 23

Free elongation of copper section =
Free extension of aluminium section

Free extension of steel section

Total free extension of the composite bar

Mechanical Engineering @ Strength of Materials

atl,=16x10°6x 60 x25=24 x 103 cm
otl,=20x 10 x 60 x50=60x 102 cm
ol =12x10%%x60x25=18x 1023 cm
(24 + 60 + 18)10° =0.102 cm = 1.02 mm

MRDE ERSY

Since this extension is prevented by the rigid supports, therefore, compressive stresses are induced in the bar.

Let Pbe the compressive force in the bar in N.

Stresses are: c, =
c, =

o, =

Strains are: g, =
e =

Extensions are: Al =

Al =

Al =

(i) Now Al, + Al, + Al = 1.02

P [4+@+2] =
nx108 9

oel4+2222+2]
X

P x 8.222
nx10°8

c =

P 4p 5
— = /mm

A.  mx2500
P 4P4N/mm2

A; mx10
P _ 4P fm?

A mx2500
o 4p ~ 4p
E., mx2500x100x10° mx25x10’
Oy _ 4P B 4P
E, mx10*x90x10% mx90x10’
o5 _ 4p ~ 4p
Es mx2500%200x10° 7 x50x107
e ) - APx250 _ 4P
CTC T nx25%107  mx10°

4P x 500 20P

= 6I’]’]I’T]

tx90x10" mx9x10

4P x 250 oP

= mm

nx50x107  mx10°
1.02
1.02
1.02

nx 108 x1.02
-2 2 2 = _389.727kN

8.222

4% 389727 _ 198 486 MPa

7 x 2500
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o, = 4x3872T _ 40 conipa
nx10*
= Ax389727 _ 198 486MPa
T x 2500
(ii) When the supports yield by 0.05 cm, then Al, + Al, + Al; = 1.02-0.50 = 0.52 mm
nx10° x 0.52
pP=————""—=185176N
8.822
6. = G, _ Ax185176 _ o1 angMPa
s 7t x 2500
% = gpx10t T a
Solution : 24
Take lexural rigidity of the rod be EI.
s
cose0° = —
X
X
s = xcos60° =0.5x= 5
X
MAB =Pxs= PXE c
Mg _ x
oP 2
TMinx
Uss = 1721
s _ ij‘/\/l xaMABxdx—iL[Pxf]xixdx
oP  EIIMET 2P CEIJL 2]
L L 3
= ——— PXx2de=i x2xdx= PL
4ET 5 4EI, 12E1
P
L
Mge = = Px (x - Lcos60) = —Px(x—g) !
IMge ( L) L !
I |
o
[ Mec dx | | c
U= |28 . pp— —
f«~— L cos 60° _>;<—>|x
AU 1L oM (x - L cos 60°)
——BC _ __(m BC d
P EI(J; e X op X
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L L 2
-1 —P(x—A)X(—(x—A))dx = L (x—é) dx
EI 2 2 EI 2
o o
_ E[L_ZL_ZxL_ngXL_j _ ﬁ[ti L_3_L_3]
CEIL3 4 2 2] EIL3 4 2
~ P_L3[4+3—6]_ pL®
- EI 12 12E1
_ , WUng Uge P P2 PIB
Vertical deflection = + = + =
' ' oP " OP T 12EI 12EI ~ BEI
Solution : 25 T L
The statement of the problem can be shown as T L
- 52 ,— Steel
A=A = Zx(6x107) = 2827 x 106 m?
s b= 4 1.3m ~— ¢ 6 mm
Initial stress/residual stress which can be carried by composite bar LMN is
35x10° T M } 1.3kN
= = ———— =123.8MPa ’
917 %01 = 5857 %107 im - 6mm
As the load is tensile, so 6, and o, are also tensile stress. N ,~— Brass
Now load of 1.3 kN acts at junction M:
P,+ P, = 1.3kN
d[ = 6, (both bar will undergo equal elongation)
’DsLs _ 'DbLb
AsEs - AbEb
p oAbl p
s Ab Eb Ls
200 1
= IX—x—xP, -
P g5 <13/ 1.81P,
So, 1.81P, +P, =13
or P, = 462.6N
and P, =837.4N
Stresses due to application of 1.3 kN are
P, 837.4 .
6,=—=——"— =29.62 MPa (tensile
25 Ay 28.27x107° ( )
A, _ 4624

o, = =——— =16.36 MPa (compressive
A 2827x107° (comp )

In the absence of fixtures, the rod LN would have expanded freely due to temperature rise to NL’.
But the pressure of fixtures effectively compress the rod LN by an amount LL" which is equal to
(og Iy + o 1)t Thus if o is the compressive stress in steel and brass (it will be same in both as the
cross sectional areas are the same) due to temperature rise, then we have
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ok , oLy
E E, = oL t+o,L,t

S

1.3 1
c + - -6 -6
|:200><109 85><109:| 30(12x 107°%x 1.3+ 19x 107° x 1)

i[E+i]—30 10-5(12 x 1.3 + 19
or 10920085—>< (12x1.3+19)

30x10° x 34.6

© 65x10°+11.76x107°
Final stress before temperature rise,
6, = 123.8 + 29.62 = 153.42 MPa (tensile)
o, = 123.8-16.36 = 107.44 MPa (tensile)
Final stress after temperature rise,
o = 153.42-56.84 = 96.58 MPa (tensile)
6, = 107.44 - 56.84 = 50.6 MPa (tensile)

= 56.84 MPa (compressive)

or

Solution : 26

[«——200 mMm——— |

|

E
I S —= 40 kN
e—x——
dx
Referring to above figure:
d= di+ @x
= d, + kx k = —
6
Total extension of the bar, A, = 4PL__ 318510
ndd,E E
6
As given, Ar= M =0.0004 m
E = 79.6 GPa

Strain energy stored in the bar,

L
I/32dx _ f2P%k T 2Pk 2_P2[ -1 ] AL
Yr= JoOAE " {ndPE T {xE(d+k? ~ TE k(d;+kx) | = mddbE
= 8N-m
For a bar of uniform diameter 0.018 m, extension under a load of 40 kN is given by

3
A = DL A0xXA07X02 4660395 m

U~
AE %x 0.0182 x 79.6 x 10°
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ratio of strain energy = ratio of extensions for the same load
Note: Strain energy of prismatic bar due to axial load is given by

;
U= EPA =7.9N-m

Solution : 27

Initial stress in steel = Initial stress in aluminium

- SOX—Q'_861 =61.3 MN/m? (tensile) £
8x 10 . 3 3
o = 2
Load sheared by each wire = Tkg =50kg <
Let 6,,and o, be the stress in the aluminium and steel respectively due 150 kg

to the temperature rise only. Then,
tensile force in steel wire = compressive force in aluminium wire
20,a,=0,4,

i.e. 26,=0, Q)
Mso —b % o0 10)5106 x50
210x10 70x10
c,+30,=126 .(i)
firom (i) and (ii), o, = 18 MPa (tensile)

Ga

Resultant stress in aluminium
= 61.3-36 = 25.3 MPa (tensile)

Resultant stress in steel = 61.3 + 18 = 79.3 MPa (tensile)

When aluminium wire becomes slack,

36 MPa (compressive)

o, = 61.3 MPa (compressive)
Therefore, since o, is propoOrtional to the change in temperature,

61.3
= ——x50=285.138°C
AT 36

Solution : 28
Let suffices 1 and 2 refer to the square and circular portions respectively.

3
6 = 219" _ 200 MPa
1 (0.07)
3
G = M= 0.08 MN / m?2
2 T 2 nd?
—d
4
2 2
Strain energy, U = g—;_:x ‘/1+S_EX V5
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6 2
_ 2_1E (200x106)2xxxo.o12+(%) ><24><‘|O_6}
T

As given, volume of circular part

=24 x 108 m3 @

KL ) 6 @

7 (02-x) = 2410 100mmsqI d
96 x 107 e

nd? = % J«——— 200 mMM— ]
L= X
1 0.08 5
Now, U= —{4x><1012+|:'—(O.2—x)><1012:| ><24><1O’6}
oF 96
1012 5
U= ﬁ{1oox —16x+4}

For the strain energy to be minimum,
au _
dx
200x-16 =0

x = 0.08 mor 80 mm
length of circular portion = 0.12 m or 120 mm

96x107°

= 102-0.12)

d = 0.0255mor 25.5 mm

12
strain energy = Lg{mo x0.082 —16x 0.08 + 4} =14
12x200x 10
EEEE
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Deflection of Beams
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m Conventional Questions ]
Solution : 30

Given: Simply supported beam with uniformly distributed load ‘W’ per unit length.
Let the reaction forces be R, and R;.

R,+ Ry = wL
L
and Rgx L = WL><§
wil wil
R, = —; R,= —
B 2 A 2

Consider a section at a distance x from A,

Wx2

M+T = RA)C

A A
x |
RA
B oo W we®
2 2
d?y
Also, we know, El— =M
dx
L__Io’zy _ WLx_Wx2
X2 2 2
2 3
dy _ Whx© wxT A
Eldx = 2 6 1
wia®  wx?
Ely = —/—————
V= o g oG
Boundary conditions at, x =0 y=0
and x =1L y=0
g G, =0
wt wtt wl
d 0= M o= oL
an 12 24 T g T
3
o -
24
3 4 3
Equation of elastic curve: Ely = %—%—%x

L
Due to symmetry, maximum deflection of beam occurs at (x = 5)
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So,

Solution : 31

Case-l

Strength of Materials

MRDE ERSY

When uniformly distributed load w/unit length covering the length L between the supports.

Let R, and Rz be the reaction forces
F?A + F?B

and Rg- L

Rp

and M

M

c

and M, =0, Mg=0

o %(5)3_£(£)4_W_@(£) ot wt !
Ymac = 9212) "24\2) " 24\2) T 96 384 48
—5u*
e = 34
o sw!
Ymax = T384F]
w/m
— Ay iiiilivile
2 c &
= 5 —a— L t—a —+
wL
= 5 and F?A_?
2
_ Ry(r-a)- =9
2
vl (x-a w,_ .
- ?(x—a)—w 5 = 2(x a)L-x+a)
= %(x—a)(L+a—x)
_ W(a#—a)(ua-a-é) _ﬂ(éxé)_W_Lz
2 2 2) 2\272) 8

Therefore the curve of area moment diagram between A and Bis parabolic in nature.
Using area moment diagram between C and B

C
MIEI diagram

2+ )(5)
3 8 2
5wt
384E71

.

-1 5_L}
Er 10

5wt
384E71

(downwards)

vaw.madeeasypublications.org
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Case-ll
When load is covering only two overhanging lengths

&
|
e
Il
S

Between section Dto Aand Bto E

and between section Aand B
a
M_+ Wa(x—EJ—Wa(x—a) =0
M, +W&x—€—W&x+W32 =0
D A C B E
Using area moment diagram
1 [_Wa2 L L} MIEI diagram
— = ——] —X—X—
Yo~ Yo Eill 2 273
0y watl?
Yo = HeEr
2,2
Yo = - :v6a ELI (upward direction)

Solution : 32
For portion AC, taking distance x from the fixed end.

10000 kN

Er=2 = 10000(300 -x)
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integrating and putting the same end conditions before,
PI? 10000 x (300)° 9
0. = = T = rad
2EI  2x40000x20x10 1600
3 3
and Ve = PI= _ 10000 x(300) _=1.125 om
3EI  3x40000x20x10
2
For portion CB, Eld—)z/ =0
dx

MRDE ERSY

a
Eld—); = constant, which shows that slope in the portin BC is constant as the bent portin B'C” is straight

while AC’ is curved.

So 05
g
Solution : 33
I
Deflection due to UDL, Y

Due to point load. VB2

Total deflection of B
Solution : 34

radians

= 9= T600

9
= yc+y2=-10125+ecXBc=1125+1600

= %><100(200)3 =66.67x10% mm*

wl fwld i
_ _ L-L
8E1 l8E1+6E1( 1
4 4 3o _
_ 20001@° 7 (0°=1 000y
EI | 8 8 6
12
- 3417107 where Eand 7 are in mm units.
Er
12
_ 3.4157><1o =488 mm
0.105x10° x66.67 x10
WE 1000(2)%(1000)°
_ _ =3.81 mm

3EI 3x0.105x10° x66.67 x 10°
= 4.88 +3.81=8.69mm

X
| : =
A D ¢ E i B
| | |
30cm I 30cm I ' 40cm
50 cm I i
X
Taking moment about A,
20kN x 30 = Rgx 100
Rg = 6kN
R, = 20-6=14kN

x100 =1.6875cm.
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At a distance x from A in the DB portion,

I Rank Improvement Workbook

65

R, x—W(x-30)

N

2
E1ﬂ -
dx?
Integrating, (For BD section)
A
dx
Again integrating, (For BD section)
Ely =
Boundary conditions,
Atx=0,y=0,S0,C,=0
Atx=L, y=0 0 =
3 3
[@xmg 14100 ]10 10—
6 6 100
Putting value of C, in equation (2) and (3),
1Y _
dx
Ely =

For slopes at different points,

Slope at point, A, 6,

Slope at point B, 0,4

Slope at point C, 6

6¢

Slope at point D, 6,

Slope at point E, 0

W

HA%—E(X—30)2+C~| (2)
RE W a0Pscusc 3)
A6 2x3 v
RE W 0 crv0

6 6
C, [C,=-1190]
RAX—Z—V—V(x—soF—ﬁgo .(4)

2 2

3
RAE——(x 30)% - 1190« ..(5)
_1190 radian

2 3

EL[M 10° —1020 x 107 - 20107 ><(70)2><1o4—1190}

i[7000 —4900-1190] = 210 radian
EI El

3
i[14x1o3 50° 1os - 20x10° ><202><1O‘4—1190:|
E 2
é[1750—400—1190]
+@radian

El
1[14 3 oo a4 ] 560
x10° x30°x 107" - 1190 | = ——=radian
EIl 2 El
3
i[mxoﬁz 2O><103><032—1190:|
EIl” 2 2

430 .
—— radian
Erl
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Deflection at different points,

MRDE ERSY

Deflection of point A, vy, = 0
Deflection of point B, yg = O
1 5% 20x10°
Deflection of point C, Vo = 5[14 x10% x 297 _ % % 0.2% = 1190 x 0.5}
-1150
= 35 units
. . 1 3033 294
Deflection of point D, Vp = 5[14 x10° x —— -1190 x 0.3} = units
3
Deflections of point E, Ve = é[1 4x10% x % _ 20000 % 0.3% - 1190 x O.6:|
-300 .
= units
Solution : 35
Slope due to load at free end of cantilever beam:
_we
2F1
Deflection due to load at free end of cantilever beam:
5. M2
- 3EI
Deflection at any other point at a distance L from free end.
VVLS
= —+0xL
3E1
Loadpoint | Load | Length L from A m | Slope, 6 | Length L from D,m Deflection
B W 2 2W/EI 4 %JFM _ 32W
3El1  EI  3EI
C 2W 4 16W 2 128W . 32W  224W
El 3Er  EI  3EI
D 3W 6 54W 0 216W
El El
0, = (2+16+54)ﬂ=w
El El
8, = w(g+%+216J _ 301.33W
EI\ 3 3 EI
3
op = —2X10 __56410%rad Ans.
200x10° x 10~
3
5, = —2198X19° ¢ 01506m = 15.06mm Ans,
200 x 10 x 10~
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Alternate
Given, E
1
W1
W2
W,

Flexural rigidity

(i) Slope of the free end

I Rank Improvement Workbook

= 200 x 10° Pa

= 1x10*m*

= 3w =3kN

= 2w = 2 kN

= w=1kN

= EI

= 200 x 109 x 1 x 1074 =2 x 10" Nm?

0, = 6, +60,+ 0,
Wgf  Wois Wals 1 re e 2
= =+ =+ =_Wl +Wl +WZ
OF1 ' 2FI = 2FI 251[” ol + Wil
- %x103[3><62+2x42+1><22]
2x2x10
= 3.6x 103 rad
(ii) Deflection at the free end
&) = 8, +0,+ 0,1, — 1) +8;+ 0, x (I, —1,)
W3 W2 W1
l l \ 4
A D
e 3=4m ——— !
§<—J1=6m I :
Wid  Wel3 Wi Waid Wil
- + + Iy —lo) + =23 4 =33 (1,
3Er ' 3EI 2E1(1 2) 3EI 2E1(1 3)
W W Wlg gy Wl | WIS
EIl 3 3 2 2
1 8 ox4® 2x4? 1x2% 1x2°
- _x10% | 2XO 2XA L 2XA g4y X2 IXE (6 5)| 2 0.01506 m = 15.06 mm
2x10 3 3 2

67
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m Conventional Questions ]

Solution : 30
Given: Axial Pull, P =10 kN, Shear force (V) = 5 kN
Let d be the diameter of rod.

o, = % kN/mm?
T, = % kN/mm?
5, 5Y,(5°
o,, 6, be the principal stresses, o, , = A™4| A + 2
12.071
o= "4 and o, =
(i) Strain energy theory
2
2., 2 Oyt
67 +05—-2060y = (m]
12.071Y _(-2.071Y *
( y) J+( 2 )—2><O.3 ] (27())2
x10° = [ —
« 12.071) -2.071 3
A A
1457 4289 15]
[—Az T TR x10° - (90)° = 8100
164.989 x 10°
———5—— = 8100
A

A = 142.72 mm?
§d2 = 142.72 mm?

d = 13.480r14 mm
(ii) Shear strain energy theory

2
Oyt
(07 +03-0102) = (@)

(=M= R ()

1457 4.289 25 108

A2 + A2 +? X = 8100
174.989x10°
— " = 8100

A2
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A = 146.981 mm?
Y
Zd2 = 146.981 mm?
d = 13.68mm
Solution : 31
(i) According to Von-misses criterion.
(6,-06,)2+(0,-6,)? + (6,-0,)? < .2(csy)2 [Considering bi-axial stress]
For stress state, o; =0
(51 =
(52 = T
[T- (=) + 12+ 12 < cy2
6Ty32 < chrz
Gyr . . .
N Ty [Relation between tensile and shear yield stress]
T = Shear yield stress
o, = Tensile stress
(i) Accroding to Tresca criteria:
6-0 _ %
2 -2
For Stress State, c, =71 [Considering bi-axial stress]
0, = —1,05=0
() _ o
2 -2
c, ] ] ]
T = > [Relation between tensile and shear yield stress. ]

Solution : 32

Given: C = 2

G =80 GPa = 80 x 109 N/m?
Let the spring stiffness be K.

w
K

Let the Wahl's correction factor be K,
We know, k.,
Also, T
350
d
Coil diameter

7" 6, 8 = Deflection(s) is 30 mm under a load of W= 500N, 7 =350 MPa = 350 N/mm?

K&
w

o

= 200 _ 16.67 N/mm
30

0.615
+

4C-1 0615  4x(6)-1
= 4x(6)-4 6

ac-4" C
8 WC
k‘”( nd? )

8x 500><6)

=1.2525

nd
5.229 or 6 mm (say)

6 x 6 =36 Mm

( .2525)(
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As, K =

Total length of wire = Length of one coil x no.

I Rank Improvement Workbook 71

Ga*
8D°N,
No. of active coils

~ 80x10°x6

8x(6)° xN,

16.67 or 17 coils

of active coils

ntDxn=3814x36x 17 =1922.65 mmor 1.92m

Solution : 33
, 25 100
Direct stress, Sd = 7P/ " ndf kN/m?
Shear stress T = 15 co kN/m2
’ T ondPa T ond?
The principal stresses are given by
Og4 d
Gis = o t \,(?)
50 \/( 50) (60 )2 50 78103
T ond® T o )  nd® T nd?
40.78
Hence o = T2
o, =0
8.95
o, = - e kN/m?
300
Given that, 6= 5 = 100 MN/m2,
() According to maximum principal stress theory
(51 =0
40.78 x 10° )
£ - 100 x 10
d=2029%x102m=20.29m
(i) According to shear strain energy theory
2¢0° = (0,-0,)+(0,-06,)°+(0,~-0,)°
But o,=0
Hence, 26° = 2(6,° + 6,°- 6,0,)
¢ = 6°+06,7-0,0,
o 40.78 (-8.95) (40.78)(-8.95 )
(100) x 10 = d2 + d2 - d2 d2 x 10
1
10° = —;[2108.092] x 10°
d
d = 0.02143 m=21.43 mm
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Solution : 34
Given, W= 120N, d =80 mm, T=500 N.mm, 6 =90°, D =25 mm
. , , 8WDn
d(Deflection of close coiled spring) = ——2—
Gd
8WDn : .
or 1 = ——— (forunit deflection
Gd4 ( )
0 64T Dn
~ Ed*
, . 64T Dn
for unitangular rotation, 1 = W

8WD3n  64TDn

Gd* = Ed*
T D2E_D2><2C1‘(1+v)_D2(1+v)
w -~ 8G 8G T4
. . 500
Torque/unit angular rotation, T= — i = 318.3 N-mm/rad
0O x——
180
Axial load applied/unit deflection,
120
= —=15N/mm
W 20 /
T D?(1+v)
W= Tor, 1+v= 5
4x318.3
= ———=1.358
o vl = T5xess
or v = 0.358

Solution : 35
Let M = Bending moment and T = Twisting moment
(iy Equivalent bending moment

M, = %(/\/H\/l\/lz+T2):%(3T+\/9T2+T2)
- £(3+M)=3.08114T

370

Safe stress in bending, o = T= 92.5N/mm?
nd®
M, = o—
e 32

100° 1

= 9251 x ——— x —=kNm
3.08114 T T X s

T = 2.947 kNm
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(i)  Equivalenttorque, = JM2+T72 =\oT2+72 =T 10
92.5
Safe stress, T, = %z 22 = 46.25N/mm?
nd®
[T
i = 46.25mx2%% 1 um
' 16 10°
T = 2.872kNm
Solution : 36
W = 500N, D=10d,
Taow = 79 MPa
- 8WD 8x500x10d 12732.4
nd’ nd’ a?
a2 = 12732'4:169.765
75
or d = 13mm (wire diameter)
D(mean diameter) = 10d = 130 mm
Solution : 37
d=120mm
T=20kNm
M = 12kNm
o, = 220 MPa
2M  32x12x10°
g, = o2 _92x12X10° _ 74 74 MPa
nd”®  3.14x(120)
167  16x20x10°
- =X 5895 MPa
nd”  3.14x(120)
Principal stresses are given by
G 6, \’ 7074 (7074 2
00 Lx (2] v - B [O74) s ss95)
= 104.12 MPa or — 33.38 MPa
N(c,~o0,) = o, (According to maximum shear stress theory)

o, 220 16
o,—c, 10412+33.38
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w Objective Questions ]
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m Conventional Questions ]
Solution : 18

Structural members subjected to compression and which are relatively long compared to their lateral dimensions
are called columns or struts. Generally, the term column is used to denote vertical members and the term
strut denotes inclined members.

Columns are generally fixed at the both ends while strut can have any end fixation conditions like both end
fixed, both ends hinged, one end fixed other end free, etc.

According to Rankine’s formulae,

1 1 1
—_— = — 4 —
Pr P, P,
where P, = buckling load
P, = crushing load
For short column P_>>>> Pc
1 1 1
or p <<< — = — canbe neglected,
e P

e

For long columns

y
P, << p = Fo can be neglected

2
nEl .
p~p = FElmn
R e Li
G A
Fr = 1+ c(Se)?

where, ¢ = Rankine’s constant and Se = slenderness ratio
Solution : 19

(i) Buckling of columns under axial load with four different end conditions
(a) Pinned Ends:

_ w°El
==

cr
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(b) One end fixed, other end free

_ EI
cr 4L2
(Le=2L)
(c) Both ends fixed
l P - 4rPE]
L2
(L,=Li2)

(d) One end fixed, other end pinned

Solution : 20

) w°El
For both ends hinged P, = 2
ATPE]
For both ends fixed P, = 2
do di
=0 —125and =038
a. dy

1
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Now if Pis load for both ends hinged and P + 300 is load for both ends fixed

w°El ATPE]
P=——and P+ 300 = —
L I
2 2
A ET
weget, = fl +(300x10%) = rc2
L L
3n2E]
>— =300 x 108
L
300x10% x9
= XY - 94189 x 107
3xm° x100x10
[=912x107"m*
Now I= édéﬁ—k“) for hollow column.
T at(1-k*) = 912 x 107
64 ° 7
dy =749 mm
Solution : 21

Here, we can calculate I, as follows :

3
L = %: 112.5%10% mm*
L = 2000 mm

Using Euler’'s equation, we get

mEl  (n®x2x10°x112.5%10°%)

P: =

o2 (2000 x 2000)
P, =5551x10°N
’Dcr 2
and O, = 723701 N/mm
roo= (Imf) =8.66 mm
and L = 230.94
rmin
or, using Equation
2
G, = "LEZ = 37.01 N/mn?
’
L E
Since,cor<6p, — > T (—] = 88.86
r Sp

( Where k = i = O.8J
do
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oL
i.e.— > 88.86
As 0, <0, ( r
Euler’s expression is valid for limiting value of minimum length
Loin _ 88.86
Iin

L = 769.5 mm=0.77 m which is minimum length.

Solution : 22

MRDE ERSY

)forL:2m

Shown in the figure is the composite section of the column. As the column section is symmetrical about the
axes x-x and y-y, the centroid ‘'C’ is given by the intersection of x-x and y-y axes. It will be seen that the

dimension parallel to the y-y axis is more. hence M.I. will be minimum about the y-y axis.

10 x 240° 12x200% | 276x10°
] =2 +2 +
vy 12 12 12

= 3.91x 10" mm*
But, it is always better to calcualte I _also.
I_=1_offlange plates + I  of flanges + I of web

3
- 2[M+240x10x(150+5)2]
3 3
+2[—2001X212 +2OO><12><(150—6)2:|+—1OX1276

I = 21.495x 10" mm*

_ _ 7 4
I > Iyy, Hence Iyy_ I,=391x10"mm

Y
i

| 240 | £10 mm
l

[ J 1

276 / web 10 mm Thick

For column with both ends fixed,
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6000
or l, = T=3000 mm
Using Euler’s formula,
1t2Elmin
Crippling Load = P = 2
e
1% x 2x10° x3.91x 10’
(3000)°
= 85.76 x 10°N

= 85.76 x 10°kN
For the given column, Euler's buckling load = 8576 kN.

Solution : 23
Length,/ = 4m
UDL,® = 30kN/m
Deflection atcentre,d = 15 mm =0.015m
For a simply supported beam carrying UDL over the whole span, the deflection at the centre is given

5 ot
b § = — —
Y 384 EI
4 30 % (4)*
Ero 5 o | 5 S0x(4) s 67 km?
384 § 384 0015
_ 2n’El , , 1
(i) P, = 2 (for one end fixed and other hinged, e _ﬁ)
2
_ 2xBIXBO0667 _ g5 A,
(4)
. n’El )
(ii) P, = 2 (for both end hinged, [, = 1)
2
3.14)" x 6666.67
= (3.14) ><2 = 4108.167kN Ans.
(4)
Solution : 24
I = %(24O><8803 ~220x800%) = 4242.8 x10° mm?*
1, = %(8OO><203 +2x40x240%) =92.7x10% mm*
-
-~ 384E7
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. 384EI 384 x 205x 10° x 4242.8x 10° x 12
1% = E
Sw 5x 50
L =11252mm
L, = i=ﬂ=5626mm
2 2
2 2 3 6
P = b 2EI= (3.14) ><205><102><92.7><10 — 5995 6x10° N
L2 (5626)
3
Safe load = i=w=1185.12 KN
N 5
EEEN

MRDE ERSY
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m Conventional Questions ]

D
In a pressure vessel, Dis internal diameter and tis wall thickness, if T > 20 thenitis a thin shell. When

Solution : 21

the shell is subjected to internal pressure, the hoop stress developed in the shell does not vary much

D
across the thickness. If 7 <20 . Thenitis thick shell; i.e., thickness of shell is considerable in comparison

to diameter, then there is variation of hoop and radial stresses across the thickness of thick shell.

Figure shows a thin cylindrical shell with hemispherical ends, subjected to internal pressure p.

In cylindrical portion:
Hoop stress, Op, = pb
2t
Axial stress, Og, = pD
4t,
Hoop strain, &, = pD _vpD _ pD (2-v)
2tE AL E  ALE
In hemispherical portion at junction
pD
Hoop stress, 0p, = —
P LTS
. pD
H train, €, = 1-v
00p strain, €, 42‘2E( )
For no distortion, &, = &p
D 1
LN P
4t.E 4t, E
or t, ~1-v _1-03 _07_ 7
ty,  2-v 2-07 17 17
. . o . pD
Maximum stress in cylindrical portion = o = Op,
1
. . . . . pD
Maximum stress in hemispherical portion = A =0,
2
th = Ghs
PD _pD L g
2t, 4, 4
Solution : 22 l 2.5mm
Ap = 0.1 N/mm? —— %
o - - - ApxD 0.1 MPa —
Reduction in volumetric strain of cylinder = AE (5-4v) 37KkN=— 150 mm 0.1 MPa —
Reduction in volumetric strain of water = 22 = —L l .
eduction in volumetric strain of water = === 2=
Axial force = 37000 N
vaw.madeeasypublications.org MRDE ERSYH ©Copyrigha
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Axial stress =
Increase in volumetric strainduetoc =
Substituting the values, we get
0.1x150 0.1
———(5-4v)+—— _
4% 2.5E( ) 2200 ~
0.1x 140000
15(6-4v)+ —mF— =
= 5=+ =500
= 7.5-6v +6.3636 =
= 56.812v =
Poisson’s ratio, v =
Solution : 23
For steel ring. R, =5cm
R, =5cm
Ry =7.5c¢cm

Let,
Circumferential strain at outer surface
€, =155 x 104

I Rank Improvement Workbook

87000 _ 87000 oo
mDt  mx160%x2.5
S (1-2v) = 220 (1-2v)
E
31406, )
E

31.406 (1-2v)
31.406-62.812v
31.406-6.3636 - 7.5 = 17.5424
17.5424
56.812

=0.308

P = Pressure developed at interface

.. Circumferential stress at outer surface

G, = €, E =31
According to Lame’s equation

Circumferential stress at outer surface

2PR?
(e} =
»TR-R

2P x 5°
3= =2

75° -5

P = 19.375 MPa
Force required to push the rod
F=2rRt. p.u,

MPa

.

83

2RI

02

t = Width of ring

u = Coefficient of friction
F=2n x 0.05x 0.06 x 19.375 x 108 x 0.25 = 91256.2 = 91.25 kN

Solution : 24

Givendata: d=1m; t=10mm; P=15MPa; u=03; I
E=200GPa; L=3m 1m P=1.5MPa
Pd
| A P )
Change in length 4tE[ u] I T A |
6 | 3m |
_ 1510 [1-2x0.3]x3
4x10x107° x200x 10
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= 225 % 10%m
PP 1.5x10° x 1
Change in diameter = —[2-pu] = [2-0.3] =3.188 x 104 m
g 2E 2 M = 0% 107 x200X10°

Pd _ 15x10°x1
2t 2x10x107°
Pd  15x10°

4 4x10x1072

O1tP _ 75+ 1.5 =38.25 MPa (Considering the effect of internal pressure)

Now hoop stress =75MPa = o,

longitudinal stress

= 37.5 MPa = o,

Maximum shear stress

2 2
Changeinvolume, o - L[5 ay] _ 1.6x10° x 1 [5-4x03] =7.125x 10
? v 4E ~ 4x10x107° x200%10° AR

8V = 7.125 ><1O‘4><(%D2L) - 7125 x1o-4x(%x1x3)
&V =1.67x103 m3

Solution : 25
Given that, d = 0.5 m, thickness, t=0.005m, P = 3.5 MPa
Longitudinal stress due to pressure P,

_Pd_35x05 .
% = "4 T 4x0005 - °/oMa

When the pipe is closely wound with a wire of diameter (d,) 2.5 mm, carrying a tension T =75 MPa, then
compressive hoop stress induced in the cylinder

T d,
(GC)W——4X ; x T
n 25x107°
= —— X X 75
4" 5x107
= -29.45MPa (compressive)
Let (c,), and (o,), be the final stresses in the cylinder and the winding respectively due to pressure P,
then
T
dxp = (6),x2t+(c,),x Edw
50x 10?x35 = (6.),x2x5x10° + (0, ), ¥ g x25x%x 103
175 = (o,),+0.3927(c,), (D)
Change of hoop strains in the cylinder and the winding at the junction are equal. Hence
(Sw)p-T 1
£ = g o)), v.0]
Where E, = E_=Modulus of elasticity of winding and cylinder
Also v, = Poisson’s ratio of cylinder
v. = 025
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Hence,
(6,),-75 = (6),+29.45-0.25x 875
(0,), = (6,),+82575 ... (i)
From equation (i) and (ii)
175 = (0,),—82.575+0.3927(c, ),
(0,), = 184.95MPa
and (6), = 184.95-82.575=102.37 MPa
Solution : 26
Let the radial pressure and the hoop stress at any radius be given by
. 2b b
Radial stress (p,) = —3 — @ hoop stress (f,) = — ta
X X
At x = 75mm, p,=20N/mm?
b _, _ o (i)
421875
At x = 75mm, f =100 N/mm?
b +a = 100 -.(i)
421875
Solving equations (i) and (ii), we get,
a==e60
and b = 16875000
Let the external radius be r,
At x=r, p,=0
2 X 168375000 _60 = 0
n
r, = 82.55mm

Thickness of the shell = 82.55-75 =7.55 mm

Solution : 27

Additional quantity of fluid pumped in = Increase in volume of pressure vessel + Compression of fluid
Let K be the bulk modulus of fluid.

WV _ 3R R
v 2tE K
000 x10° _ 3x5:5x10°7x0.4(1-0.286)  55x10°
ﬁ7t(0,4)3 2x10x107° x204 x10 K
3
6
3.3572x 1078 = 1.155x1o—3+%
6
K= LmszzAnga
21791x 10"
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Solution : 28
Diametral strain = Circumferential strain
€p=€o= %(1—\;) =0.0005
P 4tEx0.0005  4x 3%x200x10% x 0.0005
D(1-v) - 600x0.7
P = 2.86 N/mm?
Solution : 29

Dia. of cylindrical shell, d = 800 mm
Thickness of cylindrical shell,
t=10mm
length of shell, L = 2 m or 2000 mm
Internal pressure, P = 1.5 MPa
Elastic modulus, E = 205 GPa
Poisson’s ratio, v = 0.3

Pd 1.5x800
Hoop stress, 6, = o T oxi0 - 60 MPa (tensile)
T Pd 1.5x800 .
Longitudinal stress, 6, = 2 axi0 30 MPa (tensile)

Maximum shear stress at any point in the thickness of metal

o,+P 60+15

Trax = 5 5 =30.75 MPa Ans. (i)
G = 5 =30 MPa (it Pis neglected) Ans. (i)
Change in diameter, 6d = € .d = Gc_—EVGL-d
dd = %x 800 =0.199 mm (+ve means increases)
SL=¢l= OL= Y0 _ SO_O'SX:?OXZOOO =0.117 mm(increase) Ans. (ii)
E 205x10
3V Pd(o5_5y) = %e(25-2v)
% 2tE E
60 T
= ——(25-2x0.3)x - x800% x 2000
V= S06x10° 4
8V = 559050 mm? (increase) Ans. (iii)
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Solution : 30

Iy = 150 mm i
r,=125mm
r,=75mm I

P,=28 N/mm? (radial pressure at junction)
Radial interference is given by
3(,2 2
2P (£ -r)

E(S - )5 - 1)

2% 28x(125)° (1502 — 752)

=0.12784 mm
210x10°% (1502 - 1252)
Solution : 31
Circumferential stress, o . = Pd = 1.25x2 =104 MN / m?
¢ 2m; 2x0.015x0.8
Pd 1.25%x2 — 695 I\/IN/m2

Longitudinal stress, 6, = 4m T Ax0015%x06
c : .

450
Factor of safety = 02 4.32

Note:
e X-Y:Longitudinal joint resisting hoop stress
e A-A: Circumferential joint resisting longitudinal stress
(i) Ifthe cylinder is made up from riveted plates and the efficiency of the longitudinal joints is n, then the
average stress in the joint is given by
Pd
°7 om,

(i) Ifthe cylinder is made up from riveted plates and the efficiency of the circumferential joints is n, then
the average stress in the joint is given by

oo Pd
I 4m,
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