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boile . .
nera]'l'sfon(;}}ressed.axr receivers etc., are of cylindrical and spherical
of such vessels are thin i yd se or stpnng fluids (liquid or gas) under pressure, The walls
pared to their diameters, Ifthe thickness of the wall of the cylindrical

vessel is less than = to Ao : . .
15 20 of its internal diameter, the cylindrical vessel is known as a thin

cylinder. In case of thin ¢ lind A
of the wall. ylinders, the stress distribution is assumed uniform over the thickness

Fig. 17.1 shows a thin cylindrical vessel in which a fluid under pressure is stored

' i
: f

t LLLLL PP 77 77777777,
P I R

Fluid under pressure p

SRR

f— L —>

ONNNN
T
AN\

iy
ANNNNNN

——
SINNNT
T

Fig. 17.1

Let d = Internal diameter of the thin cylinder
¢ = Thickness of the wall of the cylinder
p = Internal pressure of the fluid
L = Length of the cylinder.
On account of the internal pressure p, the cylindrical vessel may fail by splittj i
one of the two ways as shown in Fig. 17.2 (@) and 17.2 (b). Y Splitting up in any
he fluid acting vertical] )
The forces, due to pressurc f’ft B YE Y upwards and do
thin cylinder, tend to burst the cylinder as shown in Fig. 17.2 (q), wnwards on the
The forces, due to pressure of the fluid, acting at the ends of the thin cylinder, tend to burst

the thin cylinder as shown in Fig. 17.2 (b).
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(a)

Cross-section perpendicular
e to the axis of vessel

N e T

17.3. STRESSES IN A THIN CYLINDRICAL VESSEL SUBJECTED TO INTERNAL

PRESSURE

When a thin cylindrical vessel is Subjected to internal fluid pressure, the stresses in the
wall of the cylinder on the cross-section along the axis and on the cross-section perpendicular to
the axis are set up. These stresses are tensile and are known as :

1. Circumferential stress (or hoop stress) and
2. Longitudinal stress.

The name of the stress is given according to the direction in which the stress is acting. The
stress acting along the circumference of the cylinder is called circumferential stress whereas the
stress acting along the length of the cylinder (i.e., in the longitudinal direction) is known as
longitudinal stress. The circumferential stress is also known as hoop stress. The stress set up in

Fig. 17.2 (a) is circumferential stress whereas the stress set up in Fig. 17.2 (b) is longitudinal
stress.

17.4. EXPRESSION FOR CIRCUMFERENTIAL STRESS (OR HOOP STRESS)

Consider a thin cylindrical vessel subjected to an internal fluid pressure. The circumferen-

tial stress will be set up in the material of the cylinder, if the bursting of the cylinder takes place
as shown in Fig. 17.3 (a).

The expression for hoop stress or circumferential stress (0,) is obtained as given below.
Let p = Internal pressure of fluid

d = Internal diameter of the cylinder
t = Thickness of the wall of the cylinder
o, = Circumferential or hoop stress in the material.
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(@) (b)
Fig. 17.3

The bursting will take place if the force due to fluid pressure is more than the resisting
force due to circumferential stress set up in the material. In the limiting case, the two forces
should be equal. '

Force due to fluid pressure = p x Area on which p is acting

=px(dxL) WD)
(-+ pisacting on projected aread x L)

Force due to circumferential stress
= 0, x Area on which o, is acting
=0, x(Lxt+Lxt)
=6, x2Lt =20, x L x ¢ (i)
Equating (i) and (i7), we get
pxdxL=2c xLxt
pd .
O1="g; (cancelling L) (17.1)

This stress is tensile as shown in Fig. 17.3 ().

17.5. EXPRESSION FOR LONGITUDINAL STRESS

Consider a thin cylindrical_vessel subj ected to internal fluid pressure. The longitudinal
stress will be set up in the material of the cylinder, if the bursting of the cylinder takes place

along the section AB of Fig. 17.4 (a).
The longitudinal stress (6,) developed in the material is obtained as -

Let p = Internal pressure of fluid stored in thin cylinder
d = Internal diameter of cylinder
¢ = Thickness of the cylinder
o, = Longitudinal stress in the material.

The bursting will take place if the force due to fluid pressure acting on the ends of th
cylinder is more than the resisting force due to longitudinal stress (6,) developed in the materia?
as shown in Fig. 17.4 (b). In the limiting case, both the forces should be equal.

= p x Area on which p is acting

Force due to fluid pressure
L.
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Longitudinal stress (c,)
develop |
Fig. 17.4 ,

RC‘\l\tlll“ force = G, o X Area on which o, is actmg
=0, x 1d x t
Hence in the limiting case
Force due to fluid pressure = Resisting force

T
pxzdzzczxndxt
T 2
X—d
P4™ _pd

— B (
o, d X1 47 il T12)

The stress o, is also tensile.
Equation (17.2) can be written as

pe _ 1 oo Pd
c52:2><2t_2><01 ( %179
or Longitudinal stress = Half of circumferential stress.

This also means that circumferential stress (c,) is two times the longitudinal stress (c,).
Hence in the material of the cylinder the permissible stress should be less than the circumferen-
tial stress. Or in other words, the circumferential stress should not be greater than the permissible
stress.

Maximum shear stress. At any point in the material of the cylindrical shell, there are

.. . . d .
two principal stresses, namely a circumferential stress of magnitude ¢, = l;_t acting circumfer-

entially and a longitudinal stress of magnitude 6, = pd acting parallel to the axis of the shell.
These two stresses are tensile and perpendicular to each other.

Maximum shear stress T, = — 2t 4t [17.2(A)
max 2 2 8t

e - - - o= - - - = - I 14 ho
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. Problem 17.1. A cylindrical pipe of diameter 1.5 m and thickness 1.5 cm is subjected to
an internal fluid pressure of 1.2 Nimm?. Determine :

@) Longitudinal stress developed in the pipe, and
(it) Circumferential stress developed in the pipe

Sol. Given :
Dia. of pipe, d=15m
Thickness, t=15cm=15x102m
Internal fluid pressure, p = 1.2 N/mm?
.t 15x10% 1 1
As the ratio —= = 3l = ta i
d 15 100" which is less than 20" hence this is a case of thin

cylinder.
Here unit of pressure (p) is in N/mm?. Hence the unit of 5, and 6, will also be in N/mm?.
(@) The longitudinal stress (c,) is given by equation (17.2) as,
2= p:td

1.2x1.5
T 4x15x10
(if) The circumferential stress (o) is given by equation (17.1) as

pd

T ot

1.2x1.5

T 2x15x107

Problem 17.2. A cylinder of internal diameter 2.5 m and of thickness 5 cm contains a
gas. If the tensile stress in the material is not to exceed 80 N/mm?2, determine the internal

pressure of the gas.

— =30 N/'mm?2. Ans.

0

= 60 N/mm?2. Ans.

Sol. Given :

Internal dia. of cylinder, d=25m

Thickness of cylinder, t=5cm=5x102m
Maximum permissible stress = 80 N/mm?

As maximum permissible stress is given. Hence this should be equal to circumferential

stress (c,). .
Wle know that the circumferential stress should not be greater than the maximum permis-

sible stress. Hence take circumferential stress equal to maximum permissible stress.
o 1= 80 N/mm2 ’

.L.et p = Internal pressure of the gas
Using equation (17.1),

pd
C1% "9t
92t xo,  2x5x107%x 80 :
_ p=—7ft= BE (Here unit of 6, is in N/mm?2,

S hence unit of p will also be in N/mm?)
= J. mim-. S.
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Probl f— . . . / ] PN
(“ oblem 17.3. A cylinder of internal diameter 0.50 m contains air at a pressure of 7N/, 2
Oql‘ge)~ If the maximum permissible stress induced in the material is 80 N/mm?2, ﬁndlm
thickness of the cylinder. e

Sol. Given :

Internal dia. of cylinder, d =0.50m

Internal pressure of air, p =7 N/mm?
Maximum permissible stress in the material means the circumferential stress (o).

. Ab stated earlier that the circumferential stress should not be greater than the maximyp,
permissible stress. Hence take circumferential stress equal to maximum permissible stress,
- Circumferential stress, 6, = 80 N/mm®
Let t = Thickness of the cylinder
Using equation (17.1),
o
2t

7% 0.50
__pd _Tx090 01875 m

£=9x o, 2x80
(Here p and o, are in N/mm?, d is in m hence ¢ will be in m)
=2.188 cm. Ans.
If the value of ¢ is taken 2.1875 cm, the stress induced will be 80 N/mm?. If the value of t

is less than 2.1875 cm, the stress induced will be more than 80 N/mm?2. But the stress induced
should not be more than 80 N/mm?2. If the value of ¢ is taken more than 2.1875 cm (say ¢ =

2.188 cm), the stress induced will be less than 80 N/mm?.

Hence take ¢ = 2.188 cm or say 2.2 cm. Ans.
Problem 17.4. A thin cylinder of internal diameter 1.25 m contains a fluid at an internal

pressure of 2 N/mm?2. Determine the maximum thickness of the cylinder if :
(i) The longitudinal stress is not to exceed 30 N/mm?.
(i) The circumferential stress is not to exceed 45 N/mm?.

Sol. Given :

Internal dia. of cylinder,
Internal pressure of fluid,
Longitudinal stress,
Circumferential stress,
Using equation (17.1),

d=125m

p =2 N/mm?
6, =30 N/mm?
c, =45 N/mm?

pd
T2t
pxd :‘2><l.25 00277 m
2x0; 2x45 . 0
= 2.77 cm.

0,

Using equation ( 17.2),
pd

Gy,= "7~

= 4t
pd 2x1.25
= = = 0.0208
4x0, 4%30 m @

= 2.08 cm.

t
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. The longitudina] or circumfe
tional to the thickness () of the
more. Hence take the

."“ntiul stresses induced in the material are inversely propor-
mux,‘,nu,,(\"\\..].lllluh\‘r' .I,l.(\n“‘ the st ress imhl(f('d wi‘ll be I(\x if the value of ‘¢’ 1s
- cauE e ol ‘m of " ealeulated in equations (1) and (1)
. S and G0 it ig clear that ¢ should not be less than 2,77 em.
Fake ¢=2.80cm, Ans,
Problem 17.5. A water main
100 m. If the weight density of water |
the water main. Given the ;

SO em diameter contains water at a pressure head of
. 8 9810 Nim*, find the thickness of the metal required for
‘ ‘ permissible stress as 20 Nimm?®.

Sol. Given

Dia. of main, d =80 c¢m

Pressure head of water, h=100m

\: mgl.lt. ('k\nslty of water, w =p x g =1,000 x 9.81 = 9810 N/m*

Permissible stress = 20 N/mm?

Permissible stress is equal to circumferential stress (G N,

or 0, = 20 N/mm?
Pressure of water inside the water main,

p=pxgxh=wh=9810 x 100 N/m?
Here o, is in N/mm?, hence pressure (p) should also be N/mm?Z The value of p in N/mm?is
given as

9810 x 100
P = To00 o ® N/mm?2 (*» 1m=1000 mm)

= 0.981 N/mm?
Let ¢t = Thickness of the metal required.
Using equation (17.1),
pxd
017 2x¢

pxd 0.981x 80

17.6. EFFICIENCY OF A JOINT

The cylindrical shells such as boilers‘ are having two types' of joints nar_nely longitudinal
oint and circumferential joint. In case of a Jomt,.holes are made in the material of the shell for
i ts. Due to the holes, the area offering resistance decreases. Due to the decrease in area,
222 ;\;ESZ'(which is equal to the force divided by the area) developed in the material of the shell
il be}IIn e in case of rivetted shell the circumferential and longitudinal stresses are greater

ence iven by equations (17.1) and (17.2). If the efficiency of a longitudinal joint and
tbanr:fgizlft?:‘l%:’int are given then the circumferential and longitudinal stresses are obtained as :
circu

Let M, = Efficiency of a longitudinal jO;'ntl, .al.ldt
Efficiency of the circumferential joint.

(Here ‘d’ is in cm hence ‘¢’ will also be in ¢cm)

ne = . oot
Then the circumferential stress (c,)is given as
pxd
0= 2t xn, ..(17.3)
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and the longitudinal stress (o, nven as
P~ l’.
A« | f .

A wherena in circumforont i
Note. () In longitudinal jomt, the circumferentinl streas is developed wherena i nferentin)

Joint, the longmtudinal stresa 1a developed

. LT
O, =

) Efficiency of agemt means the « ™ Soney of o longitudinal joint ] |

i) I efficiencies of a joint are giver thickness of the thin shell s determine llulnv('llllllt)n
(17.3). X N

: , g 'S8 € :,’ V/’ ; The

Problem 17.6. A boiler s stubjected to an internal steam I”')‘;;"f\;; of . }" "l’” ‘tlfj“

. - " o msile stress is 120 Nimm~“. Find ou '

thickness of boiler plate is 2.0 em and permis=ble tensile stress is 11 " 6] CACRT i
i . . ' o f ctrcumfere

maximum dameter, when efficiency of longitu. nal joint is 90% and that of circumferential

pornt s JO%.

Sol. Given :

Internal steam pressure, p =2 N/mm?
Thickness of boiler plate, t =2.0cm
Permissible tensile stress =120 N/mm?

In case of a joint, the permissible stress may be circumferen: ' stress or longitudina]
stress.

Efficiency of longitudinal joint, n,=90% = 0.90

Efficiency of circumferential joint, M, =40% = 0.40.

Max. diameter for circumferential stress is given by equation (17.3).

Using equation (17.3),
__pxd
°1% 9% Xt
where 6, = Given permissible stress = 120 N/mm?2
120 = o 02.9><0(i 50 (Here p and o, are in same units.
Thickness is in cm hence ‘d’ will
be in ¢cm)
12 . ] .
di= Ghe2 ><20 kel =216.0 cm. (1)
Max. diameter for longitudinal stress is given by equation (17.4).
- Using equation (17.4),
S 2 d
27 4xm, xt
where o, = Given permissible stress
= 120 N/mm?2.
190 = 2xd
4x04x%x2.0
120 x4 x 0. : .
d= X4x04x2.0 - 192 em. (i)

2

‘ : ntial stresses induced in the material are directly propor-
tlonal.tq diameter (d). Hence the stress induced will be less if the value of ‘d’ is less. Hence take
the minimum value of ‘d’ calculated from equations (i) and (t1).
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Maximum diameter of the boiler is equal to the minimum™ value of diameter g1 y

equations (i) and (/7).
Hence maximum diameter, d = 192 e¢m. Ans. ;
(*Please note that if d is taken as equal to 216.0 em, the longitudinal stress (o,) will be
more than the given permissible value as shown below :

Oy = e = 135 N/mm?.)
4xn, xt 4x0.4x2.0 _
Problem 17.7. A boiler shell is to be made of 15 mm thick plate having a limiling tensile
stress of 120 N/mm?®. If the efficiencies of the longitudinal and circumferential joints are 70%
and 30% respectively determine :
(@) The maximum permissible diameter of the shell for an internal pressure of 2 Nfmm?,

and
(@) Permissible intensity of internal pressure when the shell diameter is 1.5 m.
Sol. Given :
Thickness of boiler shell, =15 mm
Limiting tensile stress = 120 N/mm?

Limiting tensile stress may be circumferential stress or langitudinal stress.

Efficiency of longitudinal joint, n 1 =10%=0.70

Efficiency of circumferential joint, N, =30% = 0.30.

(1) Maximum Permissible diameter for an internal pressure,

p =2 N/mm?2.

The boiler shell should be designed for the limiting tensile stress of 120 N/mm?2. First
consider the limiting tensile stress as circumferential stress and then as longitudinal stress. The
minimum diameter of the two case will satisfy the condition.

(@) Taking limiting tensile stress = Circumferential stress

o, = 120 N/mm?.
0, = 120 N/mm?

But o, is also given by equation (17.3) as
pxd
%1% 9% n; Xt
2xd o
120 = 2% 0.7x 15 (Here ¢ is in mm hence ‘d’ will be in mm)
120x2x0.7%x 15
@ = 2
(b) Taking limiting tensile stress = Longitudinal stress
(6,) = 120 N/mm?,
0, = 120 N/mm?

= 1260 mm D)

Using equation (17.4),
pxd

27 4xmn, xt

190 = 2xd
or  4x0.30x% 15
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(l = P .
2 " (i)
Thus the maximum diameter of the shell, in order both the conditions may he Satisfiog
1080 mm. Ans. s
(i) Permissible intensity of internal pressure when the shell diameter is 1.5 m,

or d = 1.6m = 1500 mm.

(@) Taking limiting tensile stress = Circumferential stress (o)
= 120 N/mm*
Using equation (17.3),
pxd
%1% 9% n, xt
120 = 55—7)% (Here o, is in N/mm? hence ‘¢’ will be in N/mm)
120x2x0.7%x 15
== 1500
(b) Taking limiting tensile stress = Longitudinal stress (c,)
= 120 N/mm?

or

= 1.68 N/mm? )

Using equation (17.4),
- fi
XM, Xt
px 1500
120 = 4 030x 15
120x4 x0.30x 15
= 1500
Hence in order both the conditions may be satisfied the maximum permissible internal
pressure is equal to the minimum™ value of pressure given by (i) and (i7).
~.  Maximum permissible internal pressure = 1.44 N/mm?
(*If p is taken equal to 1.68 N/mm?, then longitudinal stress (c,) will be,

xd  1.68x 1500
= =£ = 09X = 140 N/mm2.)

%27 4xm,xt 4x0.30x15
This value is more than the given limiting tensile stress.
Problem 17.8. A cylinder of thickness 1.5 cm, has to withstand maximum internal pres:
sure of 1.5 N/mm?. If the ultimate tensile stress in the material of the cylinder is 300 Nimm?,
factor of safety 3.0 and joint efficiency 80%, determine the diameter of the cylinder.

= 1.44 N/mm? (1)

Sol. Given :

Thickness of cylinder, t =1.5 cm

Internal pressure, p = 1.5 N/mm?

Ultimate tensile stress = 300 N/mm?

Factor of safety =3.0

-, Working stress, G, = Ultimate tensile stress _ 300 _ 100 N/mm?2
Factor of safety 3

Joint efficiency, N =80% = 0.80
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Joint efficiency means the efficiency of longitudinal joint (or n,),

n, = 0.80.
The stress corresponding to longitudinal joint is given by equation (17.3).
Using equation (17.3),

pXxd
C1% 2xm, xt
1.5xd
100 ="570.80x 1.5
100 x 2x0.80x%x 1.5
= 5 =160 cm = 1.6 m. Ans.

e e e e e A L R T e et et e e e e e e
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Problem 17.9. Calculate : (i) t;Le caliange in diameter, (ii) c}-Lange n lelngth CI},lnCriL
(itt) change in volume of a thin cylindrical shell 100 cm diameter, 1 cm thick and 5 m long whe

subjected to internal pressure of 3 N/mm?Z. Take the value of E = 2 x 10° N/mmZ2 and Poisson’s
ratio, i = 0.3.

Sol. Given :
Diameter of shell, d =100 cm
Thickness of shell, t=1cm
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Length of shell, L=0m=D5x100=500cm
Internal pressure, p =3 N/imm’
Young's modulus, I = 2 x 10" N/mm?
Poisson’s ratio, = 0.30
(@) Change in diameter (&7) is piven by equation (17.11) ns
B l’f(il i l
2tk 3

e ) [1-1><0.30]
2x1x2x10° 2

= 7136 (1-0.15] =0.06375 cm. Ans.
ti7) Change in length (8L) is given by equation (17.14) as

pdL[1 :]
OL = "ok | 2
_ 3x100x500 [1_0_30]
2x1x2x10° | 2
15
=70 % 020=0.075 cm. Ans.

@@iz) Change in volume (8V) is given by equation (17.18) as
V=V [2e, + e,
&d 8L dd dL
—V 2—+— e =—, = —
_[d+L} (lde2L)
Substituting the values of 8d, 8L, d and L, we get
0.06375 + 0.075]

_V|2
oV'= [ * 7100 500
=V [0.001275 + 0.00015] = 0.001425 V..

But V = Original volume = % d?L

- g x 1002 x 500 em? = 3926990.817 cm?

8V =0.001425 x 3926990.817 = 5595.96 cm3. Ans.

Problem 17.10. A cylindrical thin drum 80 cm in diameter and 3 m long has a shell
thickness of 1 cm. 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.

Take E = 2 x 10° N/mm? : Poisson’s ratio = 0.25.

Sol. Given :
Diameter of drum, d =80 cm
Length of drum, L=3m=3x100=300cm

Thickness of drum, ¢=1c¢m

Internal pressure,  p =2.5 N/mm?2
Young’s modulus,  E =2 x 105 N/mm?2
Poisson’s ratio, u =0.25
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(1) Change in diameter (8d) is given by equation (17.11) as

i [)(/"' |
Sl = 1 \.]
T e ( o M

2.5 x 80” I or
‘ 3 | - —x0.25
2x1x2x10° 2

=0.04 [1-0.125] = 0.035 cm.

Ans.

(1) Change in length (8L) is given by equation (17.14) as
1
2tk | 2

25
B ik 309 [l - 0.25] - 0.0375 cm. Ans.
2x1x2x10°[2

(z11) Using equation (17.15) for volumetric strain (7)’ we have

&V _,8 3L
v “d L
0.035 0.0375  8d=0.035, SL= 0.0375)
= 2% =50 7300 ( d = 80, L =300
— 0.000875 + 0.000125 = 0.001
8V = 0.001 x V

T
where volume V= 7 d?x L = g « 802 x 300 = 1507964.473 cm3

Change in volume, 8V = 0.001 x 1507964.473 = 1507.96 cm3. Ans.

Problem 17.11. A cylindrical shell 90 cm long 20 cm internal diameter having thickness
of metal as 8 mm is filled with fluid at atmospheric pressure. If an additional 20 cm? of fluid is
pumped into the cylinder, find (i) the pressure exerted by the fluid on the cylinder and (ii) the
hoop stress induced. Take E =2 X 10° N/mm? and p = 0.3.

Sol. Given :

Length of cylinder, L=90cm

Diameter of cylinder, d=20cm

Thickness of cylinder, t =8 mm = 0.8 cm
=20 cm?

Volume of additional fluid

4
= 28274.33 cm?
8V = Volume of additional fluid

=20 cm3

() Let p = Pressure exerted by fluid on the cylinder
E =2 x 10° N/mm®
u=0.3.

T T
Volume of cylinder, V= 1 d?xL=— x20%x90

Increase in volume,
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Now using equation (17.16), volumetric strain is given as

—mle te
20
28274.33 B ; ] riven by equati
. ~ . 1 1 LI 3 C
But ¢, and ¢, are circumferential and longitudinal strains and are g y equation (17 )

or 2e+ey (i)

and (17.8) respectively as

pd 1 ]
Dlng e SE=m—— 1'——x
‘1"2Et[ g M
pd (1 _
and ez:zm(z “)'

Substituting these values in equation (i), we get

d|1l
2 1o [0

2827433 2Et| 2 | 2E
__ 2px20 [1_1X0.3] . px20 : [1_0.3}
~ 2x2x10° x0.8 2 0.8x2x10° | 2
1.05p
P p _
= .85+ x0.20=
o 0.000707 = 5055 * -85+ 5o00 8000
p= 0'00071();; 8000 _ 5 386 N/mm?. Ans.
(i) Hoop stress (0, ) is given by equation (17.1) as
pd _ 5.386x 20

_ 2
Gy = "o %08 = 67.33 N/mm=*. Ans.

Problem 17.12. A cylindrical vessel whose ends are closed by means of rigid flange
plates, is made of steel plate 3 mm thick. The length and the internal diameter of the vessel are
50 cm and 25 cm respectively. Determine the longitudinal and hoop stresses in the cylindrical
shell due to an internal fluid pressure of 3 Nimm?2. Also calculate the increase in length, diam-
eter and volume of the vessel. Take E =2 x 1 0° N/mm? and n = 0.3.

Sol. Given :

Thickness, t =3 mm = 0.3 cm
Length of the cylindrical vessel, L =50 cm

Internal diameter, d =25 cm

Internal fluid pressure, p = 3 N/mm?
Young’s modulus, E =2 x 105 N/mm?
Poisson’s ratio, n=0.3

Let o, = Hoop stress and
0, = Longitudinal stress.
Using equation (17.1) for hoop stress,

_pxd 3x25 .
c,= of =2XO.3=125N/mm. Ans.

Using equation (17.2) for longitudinal stress,
e pxd _ 3x25
27 4 T 4x03

=62.5 N/'mm2. Ans.
(7 Y
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Using equation (17.5) for circumferential strain,

o, HNXO,
L s
E I
) ]
= lo, ~n x o,
_ =4
— ' i25_625x03] (- p=03.0,=12pand0z= —
2% 10°
1 106.25
- BN e e
=53.125 x 107°.
But circumferential strain is also given by equation (17.9) as
od
e ="
Equating the two values of circumferential straine;, we get
od
i 53.125 x 10~°
0-5 x 25 = 0.0133 cm

8d = 53.125 x 105 x d = 53.125 x 1
Increase in diameter, 8d = 0.0133 cm. Ans.
Longitudinal strain is given by equation (17.7) as
8L _oy _pxo
““ L E E

)|
=7 [Gp—nx oyl
=3 ><1105 [62.5 - 125 x 0.3] = -— 5 [62.5 - 37.5]
=3 2‘1505 =12.5 x 107
X

. Increase in length, 8L = 12.5 x 10°x L
-12.5 x 1075 x 50 = 0.00625 cm. Ans.
Volumetric strain is given by equation (17.16), as
oV dd ol
- =2 —4—
\%4 d [
=2, +e,=2 x 53.125 x 105+ 12,5 x 10°°

=106.25 x 107% + 12.5 x 10~° = 118.75 x 107>

Increase in volume,
§V=118.75x 1053 xV

T
—118.75 x 107 x 1 x 252 x 50 ( volume =£ d? x L]

=29.13 cm2.  Ans.

Problem 17.13. A cylindr.ical vessel is 1.5 m diameter and -L m long is closed at ends by
rigid plates. It is subjected to an internal pressure of 3 NImm?2, If the maximum principal stress
is not to exceed 150 N/mm?, find the thz.ckngss of the shell. Assume E = 2 x 10° N/mm2 and
Poisson’s ratio = 0.25. Find the changes in diameter, length and volume of the shell.
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Sol. Given :

Dia d=16m 1500 mm
lx‘n.;.:th I~ 4 m = 1000 mm
Internal pressure, — p =3 N/mm-

Max. principal stress 150 N/mm

Max. principal stress means the rn'vnlnli'l'v"\t inl stress
Circumferential stress, o, = 150 N/mm*
Value of £ = 2 x 10® N/mm?.,
Poisson's ratio,  ju=0.25
let ¢ = thickness of the shell,
&7 = change in diameter,
3 = change in length, and
SV = change in volume.
(1) Using equation (17.1),
pXd
2t
pxd 3x1500

is 2><01— 2% 150

0,=

(Here p and o, are in same units, ‘@’

is in mm hence ‘¢’ will be in mm)

=15 mm. Ans.
(if) Using equation (17.11),

3 1
5d = 22 (1——><p)

2t X E 2
3 x 15002 ( 1 )
_ 1-=x%0.25 | = 0.984 . ’
ox15x2x10° " 2 el
(iif) Using equation (17.14),
pxdxL(1 )
SL=F"—"""| =
2% % E (2 H
3 x 1500 x 4000
Bt 5[1—0.25]
2x15x2x10° \ 2
=0.75 mm. Ans.
(iv) Using equation (17.17),
3V pxd (5
—_—= Z_-9
Vv 2Ext(2 X”)
3 x 1500
_ : [é_zxo_%:w
2x2x10° x 15\ 2 4%10° x 15

3 3 T :
8V=———XV=“ . 2
2000 2000x(4 o XL)

__3 n 2
=00 X (Z x 1500% x 4000] =10602875 mm3. Ans.
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- pd | fel [_J___/u
s B e Sl 34
I'? {L 3'\& 6\]: fi)- op 2!4]
. Pd 2t | 4
iy - . &
/ =gy
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17.10. THIN SPHERICAL SHELLS

Fig. 17.8 shows a thin spherical shell of internal diam-

eter ‘d’ and thickness ¢’ and subjected to an internal fluid pres- |
sure ‘p’. The fluid inside the shell has a tendency to split the |

shell into two hemispheres along x-x axis.
The force (P) which has a tendency to split the shell

T
— = q2
px—d

The area resisting this force = n.d.t

Hoop or circumferential stress (6,) induced in the
material of the shell is given by,

Force P

017 Area resisting the force P
T 42
—d
Py p.d
T md.t 4t

-_—— -

Fig. 17.8
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A . . .
The stress o, is tensile in nature.

The fluid inside the shell is also having tendency to split the shell into two hemisphep,

along y-y axis. Then it can be shown that the tensile hoop stress will also be equal to pT:i Let
this stress is o,,.
pxd
4t
The stress o, will be at right angles to ;.
Problem 17.21. A vessel in the shape of a spherical shell of 1.20 m internal diameter an(

12 mm shell thickness is subjected to pressure of 1.6 N/mm?. Determine the stress induced ip
the material of the vessel.

G, =

Sol. Given :

Internal diameter, d=1.2m =12 x 103 mm
Shell thickness, t =12 mm

Fluid pressure, p = 1.6 N/mm?

The stress induced in the material of spherical shell is given by,

p.d _16x12x10°
1T T 4x12
Problem 17.22. A spherical vessel 1.5 m diameter is subjected to an internal pressure of

9 N/mm?2. Find the thickness of the plate required if maximum stress is not to exceed 150 N/mm?
and joint efficiency is 75%.

= 40 N/mm?2. Ans.

Sol. Given :
Diameter of shell, d=15m=1.5x 10% mm
Fluid pressure, p = 2 N/mm?
Stress in material, o©; =150 N/mm?
Joint efficiency, N ="75% or 0.75
Let ¢t = thickness of the plate.
The stress induced is given by,
p.d
1= Ut
p.d  2x15x10°
or t=Zno, 4x075x150 - 6-67mm. Ans.

1711, CHANGE IN DIMENSIONS OF A THIN SPHERICAL SHELL DUE TO AN
"~ INTERNAL PRESSURE

. each
In previous article, we have seen that the stresses o, and 6, at any point are eguals( Il
equal to p.d/4t) and like. There is no shear stress at any point in t0€

0’1—02=de_de=0
2 4t 4¢

/ s vht
chgat righ
(Maximum shear stress = ) The stresses o, and G, are acting
es to each other. .
e Strain in any one direction is given by,
0; KX0,

“"E" E

s . ouisiin
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pxd(]_“)

Al

)
=g =G5

4 ‘ M

We know that strain in any direction is also
od

T d

0 Bxd g s 0)

d 4k

d
Volumetric strain (7")

The ratio of change of volume to the original volume is known as volumetric strain. If

V = original volume and dV = change in volume. Then % = volumetric strain.

Let V= Original volume

4 T
=%d3 ( Forasphere,V:Enr3 =_6d3J
Taking the differential of the above equation, we get
dV = % x 3d? x d(d)
" % 3d? x d(d)
av. g~ =
Hence -
v T xd?
6
d(d)
K ...(id)

But from equation (i), we have

8 dd) _pxd
2" g am AW
Substituting this value in equation (i), we get
dV 3xpxd
= 1—
v o am OTW
Problem 17.23. A spherical shell of internal diameter 0.9 m and of thickness 10 mm is
subjected to an internal pressure of 1.4 N/mm?. Determine the increase in diameter and increase

1
in volume. Take E = 2 x 10° Nimm? and p = 3

Sol. Given :
Internal diameter, d=0.9m=0.9x 103 mm

Thickness of shell, t =10 mm

Fluid pressure, p = 1.4 N/mm?
Value of E = 2 x 10° N/mm?

1
Value of p = 3
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Using the relation,
o pxd
d 4tk

(1-u)

3 1
_ 1.4 x(0.9x10 -) (1__] _ 105 x 10°°
4x10x2x10° 3
Increase in diameter,
Sd = 105 x 106 x 0.9 x 10®

- 945 x 103 mm = 0.0945 mm. Ans.

od
Now, volumetric strain =3 X 7

-3 x 105 x 106=315x 1075

EK =315 x 1075

)y v
Increase in volume,
SV =315x10%xV

=315 x 1076 x [g ds) ( vV =gd3 forasphere)

_ 315 x 105 x -g— « (0.9 x 103)3
=12028.5 mm3. Ans.
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