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CE8395 - STRENGTH OF MATERIALS FOR MECHANICAL ENGINEERS

SYLLABUS:
UNIT I - STRESS, STRAIN AND DEFORMATION OF SOLIDS 9

Rigid bodies and deformable solids — Tension, Compression and Shear Stresses — Deformation of simple and
compound bars — Thermal stresses — Elastic constants — Volumetric strains —Stresses on inclined planes — principal

stresses and principal planes — Mohr’s circle of stress.
UNIT Il - TRANSVERSE LOADING ON BEAMS AND STRESSES IN BEAM 9

Beams — types transverse loading on beams — Shear force and bending moment in beams — Cantilevers — Simply
supported beams and over — hanging beams. Theory of simple bending— bending stress distribution — Load carrying

capacity — Proportioning of sections — Flitched beams — Shear stress distribution.



UNIT 11l - TORSION 9

Torsion formulation stresses and deformation in circular and hollows shafts — Stepped shafts— Deflection in shafts

fixed at the both ends — Stresses in helical springs — Deflection of helical springs, carriage springs.
UNIT IV - DEFLECTION OF BEAMS 9

Double Integration method — Macaulay’s method — Area moment method for computation of slopes and deflections

in beams - Conjugate beam and strain energy — Maxwell’s reciprocal theorems.
UNIT V - THIN CYLINDERS, SPHERES AND THICK CYLINDERS 9

Stresses in thin cylindrical shell due to internal pressure circumferential and longitudinal stresses and deformation
in thin and thick cylinders — spherical shells subjected to internal pressure — Deformation in spherical shells —

Lame’s theorem.
TEXT BOOKS:

1. Bansal, R.K., "Strength of Materials", Laxmi Publications (P) Ltd., 2016.

2. Jindal U.C., "Strength of Materials", Asian Books Pvt. Ltd., New Delhi, 2009
REFERENCES:

1. Egor. P.Popov “Engineering Mechanics of Solids” Prentice Hall of India, New Delhi, 2002.

2. Ferdinand P. Been, Russell Johnson, J.r. and John J. Dewole "Mechanics of Materials", Tata McGraw Hill
Publishing ‘co. Ltd., New Delhi, 2005.

3. Hibbeler, R.C., "Mechanics of Materials", Pearson Education, Low Price Edition, 2013.

4. Subramanian R., "Strength of Materials", Oxford University Press, Oxford Higher Education Series, 2010.
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THIN CYLINDERS, SPHERES AND THICK CYLINDERS

1) How does a thin cylinder fail due to internal fluid pressure?

Thin cylinder failure due to internal fluid pressure by the formation of circumferential stress and longitudinal
stress.

2) Name the stress develops in the cylinder.
The stresses developed in the cylinders are:

1. Hoop or circumferential stresses.

2. Longitudinal stresses

3. Radial stresses

3) Define radial pressure in thin cylinder.

The internal pressure which is acting radially inside the thin cylinder is known as radial pressure in thin
cylinder.

4)Differentiate between thin and thick cylinders

S.No Thin Thick

Ratio of wall thickness to the Ratio of wall thickness to the
diagram of cylinder is less than |diagram of cylinder is more than
1 |1/20. 1/20

Hoop stress is assumed to be
constant throughout the wall Hoop stress varies from inner to
2 [thickness. outer wall thickness.

5) Describe the lame’s theorem: [MAY/JUNE 2016][NOV/DEC 2014] [MAY/JUNE 2017] (Apr/May
2018)

(Apr/May 2019)

Ratio stress, o -b/r%-a

Hoop stress, oc =b/r’+a

6) State the expression for max shear stress in a cylinder shell

In a cylindrical shell, at any point on it circumference there is a set of two mutually perpendicular stresses
6.0, which are principal stresses and as such the planes in which these act are the principal planes.



_pd
Tmax_ 8t

7) Define-hoop stress & longitudinal stress
(i) Hoop stress: (oc)

These act in a tangential dirn, to the circumference of the shell.

e}
®|g

(i) Longitudinal stress: (a%)

The stress in the longitudinal direct due to tendency of busting the cylinder along the transverse place is called
longitudinal stress

8) State the assumption made in lame’s theorem for thick cylinder analysis. [APR/MAY 2015]
[NOV/DEC 2017] [NOV/DEC 2018]

1. The material is homogeneous and Isotropic.

2. The material is stressed within elastic limit.

3. All the fibers of the material are to expand (or) contract independently without being constrained by the
adjacent fibers.

4. Plane section perpendicular to the longitudinal axis of the cylinder remain plane after the application of
internal pressure.

9) What is meant by circumferential stress? [NOV/DEC 2014]

The stress in the circumferential direction in due to tendency of bursting the cylinder along the longitudinal axis
is called circumferential stress (or) hoop stress.



_ pd
2t

Cc

10) A storage tank of internal diameter 280 mm is subjected to an internal pressure of 2.56 MPa. Find the
thickness of the tank. If the hoop & longtudital stress are 75 MPa and 45 MPa respectively

o, =75 MPa, o, =45MPa, d = 280 mm, p = 2.5MPa
o, >0, = USe G,

o D0
¢ 2t
t_pd _ 2.5x280
20, 2x75

11) A spherical shell of 1m internal diameter undergoes a diameter strain of 10* due to internal pressure.
What is the corresponding change in volume?

oV =g, xV

=3xexV =3x10" x " x(1000)’
6
8V =157.079 mm?

12) A thin cylindrical closed at both ends is subjected to an internal pressure of 2 MPa. Internal diameter
is 1m and the wall thickness is 10mm. What is the maximum shear stress in the cylinder material?

p:2mPa:2—N2 d=1m=100mm t=10mm
mm

c = FE: 23000 _ 150N/ mm2

¢ 2t _2x10

c:FE:ZMOOO:SON/mm2

b4t 4x10

. _G6c—or _100-50 _ 50

mex 2 2 2

Toe =25 N/ mm?

13) Find the thickness of the pipe due to an internal pressure of 10N/mm? if the permissible stress is 120
N/mm? and the diameter of the pipe is 750 mm

p=10 N/mm?, ,=120N/mm?, d=750mm

U
¢ 2t
t= pd = 10x750 =31.25mm
20, 2x120

14) A spherical shell of 1m diameter is subjected to an internal pressure 0.5 N/mm?. Find the thickness if
the allowable stress in the material of the shell is 75N/mm?.
d =1m =1000 mm, p=05N/mm? o, =75N/mm?
o = FE
¢4t
t=Pd
4o,
~ 0.5x1000

05400 _ &7
4x75




15) Define thick cylinder

When the ratio of thickness (t) to internal diameter of cylinder is more than 1/20 then the cylinder is
known as thick cylinder
16) In a thick cylinder will the radial stress is vary over the thickness of wall?

Yes, in thick cylinder radial stress is maximum at inner and minimum at the outer radius.
17) Define thin cylinder. (Nov/Dec 2017)

If the thickness of wall of the cylinder vessel is less than 1/15 to 1/20 of its internal diameter, the
cylinder vessels is known as thin cylinder.
18) In a thin cylinder will the radial stress over the thickness of wall?

No, In the cylinder radial stress developed in its wall is assumed to be constant since the wall thickness
is very small as compared to the diameter of cylinder
19) What is the ratio of circumference stress to longitudinal stress of a thin cylinder?

The ratio of circumferential stress to longitudinal stress of a thin cylinder is two.
20) Distinguish between cylinder shell and spherical shell.

S.No. | Cylindrical shell Spherical shell
1. Circumferencial stress is twice the longitudinal stress Only hoop stress presents
2. It withstands low pressure than spherical shell for the same It withstand more pressure than
diameter cylinder shell for the same
diameter

21) What is the effect of riveting a thin cylinder shell?
Riveting reduce the area offering the resistance. Due to this, the circumferential and longitudinal
stresses are more. It reduces the pressure carrying capacity of the shell.




PART-B

1) A cylindrical thin drum 80cm in diameter and 3m long has a shell thickness of 1cm. If the drum is
subjected to an internal pressure of 2.5 N/mm?, determine (i) change in diameter (ii) change in length and
(iii) change in volume E=2x10°N/mm? and poisons ratio=0.25 (Apr/May 2019)

d =80cm

L =3m=300cm
t=1cm

p = 250N/cm?
E=2x10" N/cm?
p =0.25

Change in diameter ($ed)
s Pl
d: 2”55(%1;882J r 0.25]
2><1><2><107||_ 2 U

od = 0.35cm
Change in length (®£)

5= defl T

_ 250 L80 X 308

[05-0.25]
2x1x2 ><1O7

o0 =0.0375cm

Change in volume (V)

BV _,8d 8l
\ d I

3V _,0035 00375 _ o

\Y/ 80 300

original volume, V = T2 =Tx802x300
4 4

V =1507964.473cm?
8V =0.001 x V =0.001 x 1507964.473 = 1507.96 cm®

2) A spherical shell of internal diameter 0.9m and of thickness 10mm is subjected to an internal
pressure of 1.4N/mm?Z. Determine the increase in diameter and increase in volume.
E=2x10°N/mm? and poissons ratio=1/3 (Apr/May 2019)



d = 0.9m =900mm

t=10mm
p = 1.4N/mm?
E = 2x10°N/mm?
1
p=_
3
Change in diameter: ($d)
5 Pdl i 1
= ~md
T

4510 2510° 3J
&d =0.0945mm

Change in volume (6v)

e =3X 6d_= 3x 0.0945 315x10°®
v d 900

=315x10°

sV

v

v = e = ™ xo00°
6 )

8V =12028.5mm?

3) A boiler shell is to be made of 15mm thick plate having tensile stress of 120 N/mm? If the efficiencies of
the longitudinal and circumferential joints are 70% and 30%. Determine the maximum permissible
diameter of the shell for an internal pressure of 2 N/mm? (Nov/Dec 2018)

Maximum diameter of circumference stress

_pd
B 2tn,

120~ _2xd
2x15%x 0.7

_ 120 x 2x15%x 0.7
2
d =1260mm

G

d

Maximum diameter for longitudinal stress

__hd

- 4t xn,

120 = _2xd
4x15x 0.3

_ 120x4x15%0.3

B —

d =1080mm

G

d



4) A thin cylindrical shell with following dimensions is filled with a liquid at atmospheric pressure.
Length=1.2m, external diameter=20cm, thickness of metal=8mm, Find the value of the pressure exerted
by the liquid on the walls of the cylinder and the hoop stress induced if an additional volume of 25cm?® of
liquid is pumped into the cylinder. Take E=2.1x10°N/mm? and poisons ratio=0.33 (Nov/Dec 2018)

L =1.2m =1200mm

D =20cm = 200mm

t=8mm

d=D-2t=184mm

8V =25cm? = 25000mm?

E =2.1x10°N / mm?

pn=0.33
Volume,V = E4>< dZx0
= 314 %1842 x1200
=31908528mm3
6V = pr_d(E_E\
2tE(2 m |_5 _I
25000 = 31908528x px184 - 2(0.33)
2x8x 2.1x10° | | 2 |J
p =7.7N/mm?
o = P4 _TTXI84 _ g9 40N/ mm?
¢ 2t 2x8

5) A cylindrical shell 3m long which is closed at the ends has an internal diameter of 1.5m and a
wall thickness of 20mm. Calculate the circumferential and longitudinal stresses induced and also
change in the dimensions of the steel. If it is subjected to an internal pressure of 1.5 N/mm?
Take E=2x10°N/mm? and poisons ratio=0.3 (Apr/May 2018)

| =3m=3000mm

t =20mm

d =1.5m =1500mm

p =15N / mm?

E = 2x10°N / mm?

p=0.3

o = pd _ 1.5x1500 _ 5695
Hoop stress, ¢ 2t 2x20
G, = 56.25N / mm?



o G = pd _1.5x1500 _ 28.125
Longitudinal stress, © 4t 4x20
o =28.125N/ mm?

Change in diameter ($ed)
2
s Pl
d=_ |1~ |
_sake

2><20><200><103|L 2 U
&d =0.7225mm

03]

Change in length (¢)

52 defl__MT
22 )
_ 1.5x1500 x 3000
2x20x 200x10°

30 =0.16875mm

[05-03]

Change in volume (®V)

8V _ pd [56 2]

vV 2] [2 m |J

original volume, V = T2 0 = T 15002 x3000
4 4

V =5301437603mm?
\/ _ 15x1500x5301437603[ 5, o ,]

2x20x200x10° || ]
|5V = 2832955.72mm3|

6) A compound cylinder formed by shrinking one tube to another is subjected to an internal
pressure of 90MN/m?. Before the fluid is admitted, the internal and external diameter of the
compound cylinders are 180mm and 300mm respectively and the diameter at the junction is
240mm. If after shrinking on, the radial pressure at the common surface is 122MN/m?. Determine
the final stresses developed in the compound cylinder (Apr/May 2018)



Solution. Internal pressure in the cylinder,
p, =90 MN/m?

180
Internal radius of the cylinder, 7 = T =90 mm = 009

300
External radius of the cylinder, r3 = E =150 mm =015 m

240
Radius at the junction, ol R 1200mm =012 m

Radial pressure at the common surface after shrinking on,

p =12 MN/m?

Final stresses developed:

Let the Lame's equations be:

For inner tube: o, = % -a
r
b

and, G, = r—z +a
b,

For outer tube: G, m— =g
2

and, b '

ﬂQ
[}
p |
+
1S



wﬂm‘ism
o
| wl r-r‘:()-(”m‘o =0
= 2 -a=0
00081
123456 b-a=0 :
: r=r,=012m, ~Ai)
o, = 12 MN/m?
oobm'“'2
=y it i)
From eqos. (1) and (D), we get

==0222 and a = - 2741
Heace circumferential stress at any point in the inner tube will be given by

O =~ 0232 - 2741
r
The minus sign indicates that the stress will be wholly compressive.
AL r=r= 009 m,
Ocoom =~ %:‘-”?%' - 2741 = 5482 MN/m? (comp.)
A, r=012m,
0222 % N
Co12) =~ a—z':z' ~ 77-41 = 4282 MN/m* (comp.)
Outer tube:
AL r=015m,0,=0
b == a=0
015 i
- 4444b'-a'=0 LA
- r=012m, 6,= 12 MN/m®
s
WAiv)
2 6944 b'-a' =12 (

W)W =2
Mh&mfmwmumvvﬁmm“mmwmummw

048 .
o, 5-72-—4’2‘33
5 r=012m,

g 80
o _048 +2133= 54.66 MN/m (tensile)
e ™ o192

r=015m,

_048 oym;= 42,66 MN/m? (teasile)
O 019 = 5182



650 = Strength of Materials

(b) After the fluid is admitted:

Let the Lame's equation be:
g iy
r rz
At, r=009 m, o, = 90 MN/m?
90=$--a
or, 90=12345b-a
At, r=015m,0,=0
- b e
048?
or 0=4444p-qa

From eqns. (v) and (vi), we get
b=1-139 and a = 50-61

L.

"

Hence, the circumferential stress at any point in the compound tube is given by,

b+a
’.2

0‘. =
AL r= 009 m, O‘dm, =
r=012 m, 0".(0,,2) =

r=015 m, oe(ols)

012

=W+5061-
The final circumferential stresses at different points are tabulated below:

1139
2

1139

+ 5061 = 191:23 MN/m? (easik)
+.5061 = 12971 MN/m* (teasik)

O, o1z = 18431 MN/m? (tensile)

Tensile stress........ 4 p
‘/.
Ouer tube :
rzo-lzm —‘:ﬁ‘
— 5
+54~66___.$‘:]{j
" (if) Due to fluid ) somn | *!
: | +191.23 + 12971 +1 #%;
~ Final £, + 13641 + 86.89 + 18431
Hence the final circumferential stresses are:
Inner tube: O, 09 = 136441 MN/m? (tensile) '
% 012) = 86:89 MN/m? (tensile) (Ans.)
Outer tube:



7) Determine the maximum and minimum hoop stress across the section of a pipe of 400 mm
internal diameter and 100 mm thick, when the pipe contains a fluid at a pressure of 8 N/mm?2. Also
sketch the radial pressure distribution and hoop stress distribution across the section.

(May 2017) (Nov/Dec 2017)

Solution,
Given:
Internal dia =400 mm
400
- Internal radius, r=__= 200mm
2
Thickness =100 mm
600
~ External radius r e =300mm
Fluid pressure, po = 8N/mm?

or atx =ry, px = po = 8N/mm?
The radial pressure (py) is given by equation (18.1) as

b
px:XTa

Now apply the boundary conditions to the above equation. The boundary conditions are:
1. At x =r; =200 mm, px = 8 N/mm?
2. Atx=r,=300mm, px=0

Substituting these boundary conditions in equation(i), we get

b
8= ~-a=-——-a (II)

i 2007 " 40000
0= _,-_b _, ..(iii)

3002 90000

subtracting equation (iii) from equation (ii), we get

g- P _ P o4 b
40000 90000 360000 360000
p— 399908 _ 5760000
5

Substituting this value in equation (iii), we get



5760000 5760000
0=——————-a ora= —=6.4
90000 90000

The values of ‘a’ and ‘b’ are substituted in the hoop stress.

Now hoop stress at any radius x is given by equation (18.2) as

b 576000
+a= +

= 6.4
X X_z X2
Atx=200mm, ¢ = 576000 +6.4=14.44+6.4=20.8N/ mm?. Ans.
200 2002

Atx=300mm, g = > 0000
™ 3002

+6.4=6.4+6.4=12.8N/mm2Ans.

Fig.15 Shows the radial pressure distribution and hoop stress distribution across the section. AB is
taken a horizontal line. AC = 8N/mm?. The variation between B and C is parabolic. The curve BC
shows the variation of radial pressure across AB.

20.8 Nimm?

Hoop
siress (o)

Fig. 15

The curve DE which is also parabolic, shows the variation of hoop stress across AB. Value BD = 12.8
N/mm? and AE = 20.8 N/mm? . The radial pressure is compressive whereas the hoop stress is tensile.

8) A cylindrical vessel is 2m diameter and 5m long is closed at ends by rigid plates. It is subjected to an
internal pressure of 4N/mm? of the maximum principal stress is not to exceed 210N/mm?. Find the
thickness of the shell. Assume E=2x10°N/mm? and poisons ratio=0.3, find the change in diameter, length
and volume of the shell. [MAY/JUNE 2016-8 marks]

Given data:
Diameter, d=2m=2000mm
Length, 1=5m=5000mm

Initial pressure, p=4N/mm?



Maximum principal stress means the circumferential stress=c.=210N/mm?
Young modulus =E=2x10°N/mm?

Poisons ratio=u=0.3

To find:

1.) Thickness of the shell (t)

2.) Change in diameter (/d)

3.) Change in length and (¢)

4.) Change in volume (Jv)

Solution:
s - Pd
¢zt
_ pd _ 4% 2000 —19.047mm
2xc, 2x210

Change in diameter (Jd)
| pd>[ 1 ]

d=" _|1-~
el "M
_4x2000°
2x19.047 x 2x10°
[d=1.785mm

[l— 0.5% 0.3]

Change in length (Jt)

I[:J@rl_uw

aell2 ) .
_ 4x2000x5000 -0.3

2x19.047 x 2x10° | | 2 U
J0 =1.050mm

Change in volume (Jv)

v_ PATS ol aa000  ®-2x03]
vo2el2 || 2x19.047x 2105 1| 2 I

|— _TE d2 L
v /v =1995x10"°mm? V=

[v =1.995x10% X x2000% x5000
4

[/ v = 313121500mm?3]




9) A spherical sheet of 1.50m internal diameter and 12mm shell thickness is subjected to pressure of
2N/mm?. Determine the stress induced in the material of the shell [APR/-MAY/JUNE 2016-8marks]

Given data:

Internal diameter, d=1.5m=1500mm
Shell thickness, t=12mm

Pressure, P=2N/mm?

To find:

(1) Stress induced in the material of shell

c_P
1ot
~ 2x1500
C4x12
=62.5N / mm?

10) A spherical shell of internal diameter 1.2m and of thickness 12mm is subjected to an internal pressure
of 4N/mm?. Determine the increase in diameter and increase in volume. Take E=2x10°N/mm? and p=0.33.
[APR.MAY/JUNE 2016] 8marks

Given data:

Internal diameter of spherical shell, d=1.2m=1200mm
Thickness of spherical shell, t=12mm

Internal pressure, P=4N/mm?

Young’s modulus, E=2x10°N/mm?

Poisons ratio =u=i =0.33
m

To find:
(i) Increase in diameter, 8d
(i) Increase in volume, dv.

Change in diameter: (€d)

2
5 Pl 1]
d

= _|1-
4tE|— mJ
4x1200°

T Ax12x2x10°

8d = 0.402mm

[1-0.33]



Change in volume (8v)

OV = Vx eV

><":’ﬂ’71—£—|
MEY m]

o spd[ 1]

6 L m]

4
el R
8tE
_ 3.14x4x1200* [1-0.33]

 8x12x2x10
5= 908,841.6mm?|

=V

Result:
1) Change in diameter =56d=0.402mm
2.) Change in volume =3v =908841.6mm

11) A steel cylinder of 300mm external diameter is to be shrunk to another steal cylinder of 150mm
internal diameter. After shrinking the diameter at the function is 250mm and radial pressure at the
common function is 28N/mm?. Find the original difference in radial function. Take E=2x10°N/mm?
[Apr/May 2016-8 marks]

Given:

External diameter of outer cylinder =300mm
Radius of outer cylinder = r,=150mm
Internal diameter of inner cylinder =150mm
Radius of inner cylinder =r;=75mm
Diameter at the function =250mm

-.radius at the function =r"=125mm

Radial pressure at the function, P*=N/mm?

Young modulus =E=2x10°N/mm?

*

Original difference of radius at the function = z?r(al —a2)———(1)

Find the values of a; and a, using the lame’s equation.

For outer cylinder

(i) At function  x=r"=125mm and P"=28N/mm?

(ii) At x=150mm, P =0



Substitute in above equation, we get

_ b, a - b,
1252 15625
0= oo b,
150 22500

solving equation (2) x(3) weget
b1 =1432000 ap =63.6

28 a————(2)

For inner cylinder

P="-a
X Xz 2
(i) At function x=r"=125m Px =P"=28N/mm?

(i) At x=75mm, Px=0

Substitute these two condition ion above equation

62 b,
8=—"-a_= —a, ————— 4
752 2 15625 ° )
b b
O0=_2 3 =—2__3,—————— 5
752 ° 15625 - ©)
solving equation (4)& (3) weget
b, =-246100
a; =—-43.75
substitute the valuies of a, & a, in equation
_ i
£ e
%125
= 63.6—(—43.75
2x105 [ ( )
= 12_5 x107.35
105
=0.13mm

12) Calculate (i) the change in diameter (i) Change in length and (iii) Change in volume of a thin
cylindrical shell 100cm diameter, 1cm thick and 5m long, when subjected to internal pressure of 3N/mm?.

Take the value of E=2x10°N/mm? and poison’s ratio, p=0.3 (Nov/Dec 2017)[Nov/Dec 2016][ 13 marks]
[Nov/Dec 2015]

Given data:

Diameter of cylindrical shell, (d) =100cm =1000mm
Thickness of shell (t) =1cm=10mm

Length of the shell (£) =5m=5000mm

Internal pressure =P=3N/mm?

Young modular=E=2x10°N/mm?

Poison’s ratio =u=0.3



Solution:

pd 3x1000
o= —= =

75
Longitudinal stress, "4t 4x10
o, Pd_3x1000 o
Hoop stress, 2t 2x10
o, =150N/ mm2|
(i) Change in diameter
sd=Pfa 1
2tE 2m
3x10002 [ 1 ]
:4[ 1- —x0.3 |
2x10x2x10° ' 2 :
6d = 0.637mm
(i) Change in length (®¢)
E‘Lz U
_ 3x1000 x5000 [0.5_0.3]
2x10x 200 x10°
o0 =0.75mm
(iii) Change in volume ,
SV = Vx E[§__2\
2tE\ 2 mJ
Volume, v = E4>< d>x0
= H %x10002 x 5000
4
= 39.25x108 mm?3 s 1
v =39.25x108 x ~ 3x1000 -2(0.3)

2x10x2xx10% '] 2 |J
Sv =5593125mm?

Result:

(i) Change in diameter (5d) =0.637mm
(i) Change in length (8¢) =0.75mm

(iii) Change in length (8v) =5593125mm3

13) Calculate the thickness of metal necessary for a cylindrical shell of internal diameter 16mm ton with
slant of internal pressure of 25mN/mz. If maximum permissible shell stress is 1225MN/m.. [NOV/DEC-
2016]

Given data:



Internal diameter, d=160mm.

Internal pressure, P=25MN/m? =25N/Mm?

Maximum permissible shell stress =125MN/m?=125N/mm?
To find:

Thickness (t)

Solution:
_pd
csl‘l’]a)( 8t
125 — 25x160
8xt
{ = 25x160
125x8
t=4mm

Thicknessof cylinderricalshellis 4mm

14) A boiler is subjected to an internal steam pressure of 2N/mm?. The thickness of boiler plate is 2.6cm
and permissible tensile stress is 1220N/mm?. Find the maximum diameter, when efficiency of longitudinal
joint is 90% and that of circumference joint is 40%. [NOV/DEC 2015, 16marks]

Given data:

Internal steam pressure, P=2N/mm?

Thickness boiler plate, t=2.6cm & 26mm

Permissible tensile stress (c) =120N/mm?

Efficiency of longitudinal joint, 1 =90% =0.90

Efficiency of circumferences joint, n. =40% =0.40

In case of joint the permissible stress may be longitudinal (or) circumferential stress.
To find:

Maximum diameter (d)

Solution:

Maximum diameter of circumference stress

pd
C,= —
2tn,
120 = _o2xd
2x0.90% 2.6
d= 120x2x0.90 x 26
2

d =2808mm



Maximum diameter for longitudinal stress

o, = pd
4t xn,
B 2xd
 4x26x0.40
d 2120><4><0.40><26
2
d =2496mm

120

The longitudinal (or) circumferential stresses induced in the material directly proportional to diameter (d).
Hence the stress induced will be less if the value of ‘d’ is less. Hence take the minimum value of diameter.

Hence, diameter (d) =249.6cm

15) A thin cylindrical shell 2.5 long has 700 mm internal diameters and 8mm thickness, if the shell is
subjects to an internal pressure of 1Mpa, find

(i) The hoop and longitudinal stresses developed

(if) Maximum shell stress induced and

(iii) The change in diameter, length and volume. Take modulus of elasticity of the wall material as

200Gpa and poison’s ratio as 0.3

Given data:

Length of cylindrical shell, £=2.5m=2500mm
Internal diameter # d, =700mm

Thickness of shell, t=8mm

Internal pressure, P=1mpa=1N/mm?

[AP/MAY 2015- 16 marks]

Modulus of elasticity = E=200Gpa=200x103N/mm?

Poison’s ratio = u=0.3

To find:

1.) Hoop stress and longitudinal stress
2.) Maximum shell stress induced.

3.) Change in diameter, (8d)

4.) Change in volume,( &v)

5.) Change in length (3 £)

Solution:

o =PI _ X700 4q0p

Hoop stress, °© 2t 2x8
G, = 43.75N/ mm?



o =PI D05 g7

Longitudinal stress, © ut 4x8
o =21.875N/mm?

Change in diameter ($ed)
2
s Pl
d=_ _[1-_ |
MR

2><8><200><03|L 2 U

4d = 0.130mm
Change in length (®¢)

52 defl__uT
a2 ]
_ 1x700x2500
2x8x200x108

30 =0.109mm

03]

[05-03]

Change in volume (V)

S 2E[2 m]
original volume, V = T2 x o = Ex700? x 2500
4 4
V =961625000mm?® = 96.16 x10" mm?®
1x700x96.16x107 [ 5 1
7| ——-2x0.3 |
2x8x200x10 [2 |

|5v = 399665mm3|

By —

Maximum shell stress induced (emax)
_pd _1x700

maxt 8x8
G =10.937N / mm?

=10.937N/ mm?

Result:

1.) Hoop stress o =43.75N/mm?

2.) Longitudinal stress, 6;=21.875N/mm?

3.) Maximum shell stress, 6max =10.937N/mm?
4.) Change in diameter, §d=0.130mm

5.) Change in length, 5¢=0.109mm



6.) Change in length, §v=399665mm?®

16) A thick cylinder with external diameter 320mm and internal diameter 160mm is subjected to an
internal pressure of 8N/mm?. Draw the variation of radial and hoop stresses in the cylinder wall. Also
determine the maximum shell stress in the cylinder wall. [APR/MAY - 2015 -16marks]

Given data:

Internal diameter, d; =160mm

External diameter, d, =320mm

Internal radius, r; =80mm

External radius, r =160mm

Internal pressure, P1 =[8N/mm?

To find:

1.) To draw variation of radial and hoop stress.
2.) The maximum shell stress in the cylinder.

Solution: we know that by lame’s equation

At, r=r1 =80, and o; =P; =8N/mm?
R=r, =160mm and o, =P, =0

Substitute in equation (1)

8= Gy 88156210 %b-a——— 3
b
0=_ " —a=0=39x10°b-a————— (4)
(160)?

Equation (3) and (4) becomes

a-1.562x104b = -8 ————(5)
a-3.9x104h=0————— (6)

Solving equation (5) and (6)
A=13.34
B=34217.27

Substitute values of a and b in equation (2)



b 34217.27
G, = +a=>=

(80)? 802
c,=18.686N/mm?

Atr=r, =160mm
b 34217.27
+a=>

+13.34

c = +13.34
¢ (160)% _ (160)?
o, =14.67N / mm?
N
18.68 N/mm?
E 8 N/mm? o
2 g
Rag z
ug
Strog, §
v
80 mm Radius 160 mm

17) Desire relations for change in dimensions and change in volume of a thin cylinder subjected to
internal pressure P. (May / June 2017) [NOV/DEC 2014]-16marks

Due to Internal pressure, the cylindrical shells are subjected to lateral and linear strain. Thus the change in
dimensions such as length, diameter may increases.

We know that

8d o
d E mE
Where , 6d —changein diameter

c_Ga

e =

1
— = poison sratio
m

Circumferential stress,
E —young's Modulus

o _Pd__pd
© 2tE putmE
_pdf, 1]
= 1- ~—]
2AE|T 2m']

dd =e, xd
Change in diameter, 5 pd?[ 1 ]

d= 1= |
2tEIL 2m |J



Longitudinal strain, - P4 _ Pd

Change in length,

ol =e,xIl
_pdif1 1]
2tE[2 m |

Volume strain,

_ final volume —initial volume

v initial volume
T 2 I3y
(d+68d?) (0+80)—~d?0
_4 4
I 2

By neglecting higher order terms of 6¢ and ad

25d &
e, =—+—
d O
=2e.+e,
2pd dfl 1
=;zu:=(1 anDLF_BtE(| 2= m\)'
ATy 27 1 17

+

m|

5 2—|
2E|2 m]

V

2E

A
EL 2 m|J
pd[
Change in volume,

dv=eg,xV

pva 2]
2E12 m]
o (5 2)

oV=vVx_°
EL2 m J

18) Find the thickness of metal necessary for a thick cylindrical shell of internal diameter 160mm to
withstand an internal pressure on 8N/mm?. The maximum hoop stress in section is not to exceed
35N/mm?, [NOV/DEC- 2014 -] [16 marks]



Given data:

Internal diameter, d; =160mm

Internal radius=r, = %= L%: 80mm

Internal pressure,=P; =8N/mm?
Maximum hoop stress =6 =35N/mm?
To find:

Thickness of metal (t)

Solution:

Thelame's equation 'sare

At r=r,=80mmand ¢ ,=P,=8N/mm?
(6 )nax = 35N/ mm?
substituting in equation (1) and (2), weget

8= (83)2 ~a =8=156x104b-a--——(3)
35= %m —35=1.56x10"b+a————(4)

Equation (3) and (4) becomes

a-1.56x104b=-8————— (5)
~a-1.56x104b = —35————(6)

Solving equation (5) and (6), we get

(5)x1 —a+1.56x10%b=-8
(6) x1 —a-156x10%*b=-35
22 =27

Substitute (a) value in equation (5)



13.5-1.56x10*b =-8
-1.56x10*b =-8-135
-1.56x10“4b =-215

215
15610

b =137.82

19) A cylindrical shell in diameter and 3m length is subjected to an internal pressure of 2MPa. Calculate
the maximum thickness if the stress should not exceed 50MPa. Find the change in diameter and volume of
shell. Assume poisson’s ratio of 0.3 and young’s modulus of 200kN/mm?, [MAY/JUNE -2014-
16marks]

Given data:

Diameter of cylindrical shell, d=1m=1000mm
Length of cylindrical shell, {=3, m=3000mm
Internal pressure, P=2Mpa = 2N/mm?
Maximum stress,. . =50Mpa =50N/mm?

Young’s modulus =E =200KN/mm? =2x10°N/mm?

Poison’s ratio, 1_: 0.3
m

To find:
(i) Change in diameter, €d
(ii) Change in volume, V.
Solution:

o _ pd _ 2x1000

© 2t 2xt
Hoop stress, 50 = 2>1000
2xt
t =20mm

Change in diameter, 8d

5 Pd2[ 1]

d= - )
C2Ec1oBopl T 1 T
- 1- —x0.3
2x20x2x105'| 2 U
8d =0.2125mm

Change in volume,



szm_v\:g_gw
2tE12 m]|

_T
Volume of cylinder, V= 4d xU

- ™ (1000)? x 3000

4
= 2.355x10° mm?3
v = L""[E_ET
2E[2 m]|
_ 2x1000x2.35x10°  [2.5 - 0.6]
2x20x2x10

|5v =118625mm3|

Result:
() Thickness of cylinder. t=20mm
(if) Change in diameter. 6d=0.2125mm

(iii) Change in volume, 8v=1118625mm?.



