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Biaxial state of stresses - Thin cylindrical Shell

In engineering field, we daily come across vessels of cylindrical and spherical shapes
containing fluids such as tanks, boilers, compressed air receivers etc. Generally, the walls of such
vessels are very thin as compared to their diameters. These vessels, when empty, are subjected to
atmospheric pressure internally as well as externally. In such a case, the resultant pressure on the
walls of the shell is zero. But whenever a vessel is subjected to internal pressure (due to steam,

compressed air etc.) its walls are subjected to tensile stresses.

In general, if the thickness of the wall of a shell is less than 1/10th to 1/15th of its diameter, it is

known as a thin shell.
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Failure of a Thin Cylindrical Shell due to an Internal Pressure
We have already discussed fn the last article that whenever a cylindrical shell is subjected (o an
internal pressure, iis walls are subjected (o tensile stresses.

It will be interesting to know that if these stresses exceed the permissible Hmit, the cylinder is
likely to fail in any one of the following two ways a8 shown in Fig. 31.1 (@) and ().

(a) Split into two troughs. (b) Spht into two cylinders,
Fig. 1
1. 1emay split up into two troughs and
2. 1tmay split up into two cylinders,

Stresses in a Thin Cylindrical Shell

We have already discussed that whenever a cylindrical shell is subjected to an internal pressure,
its walls are subjected 1o tensile stresses. A little consideration will show that the walls of the cylindri-
cal shell will be subjected to the following two types of tensile stresses:

1. Circumferential stress and
2. Longitudinal stress.

In case of thin shells, the stresses are assumed o be uniformly distributed throughout the wall
thickness. However, in case of thick shells, the stresses are no longer uniformly distributed and the
problem becomes complex. [n this chapter, we shall discuss the stress in thin shells only.

Nomez The above theory also holds good, when the shell is subjected 1o compressive stress,

G

L) )
Fig. 2
Consider a thin cylindrical shell subjected to an intemal pressure as shown in Fig, 31.2(a) and
(£). We know that as a result of the intemal pressure, the cylinder has atendency to split up into two
troughs as shown in the figure,
Let !
d

Length of the shell,
Diameter of the shell,

Dr.T.Prakash, Professor of Mechanical Engineering



o
%> SNS COLLEGE OF TECHNOLOGY
s COIMBATORE-35

s DEPARTMENT OF MECHANICAL ENGINEERING

{ = "Thickness of the shell and
p = Inlensity of internal pressure,
Total pressure along the diameter (say X-X axis) of the shell,
P = Intensity of internal pressure X Area=p x d x|
and circumierential stress in the shell,

—_— Total pressure  pdl _ pd
© 7 Resisting section — 200 2
This is a tensile stress across the X-X. It is also known as hoop stress.
Nomwe, 11 1s the efficiency of the riveted joints of the shell, then stress,

70 ol two sections)

. Longitudinal Stress
Consider the same cylindrical shell, subjected to the same internal pressure as shown in
Fig. 31.3 (@) and (). We know that as a result of the intemal pressure, the cylinder also has a tendency
1o split into two pieces as shown in the figure.
lLet Intensity of internal pressure,
Length of the shell,
Diameter of the shell and

- 8
]

Thickness of the shell.

(a) 12
Flg. .3. Longitudinal stress,
‘Total pressure along its length (say Y-Y axis) of the shell
P = Intensity of internal pressure X Area

px3 @’
and Jongitudinal stress in the shell,

Total pressure P x% @’ _pd
Resisting section  madt 4
This is also a tensile stress across the section ¥-Y. It may be noted that the longitudinal stress is
half of the circumferential or hoop stress.
Nome. If 1) is the efficiency of the riveted joints of the shell, then the stress,

0l=
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! 1. A stream boiler of 800 mm diameter is made up of 10 mm thick plates. If the
voner 13 suvjecied o an internal pressure of 2.5 MPa, find the circumferential and longitudinal
stresses induced in the boiler plates.

Sowmon. Given : Diameter of boiler ({l) = 800 mm ; Thickness of plates (f) = 10 mm and
internal pressure (p) = 2.5 MPa= 2.5 N/mm".
Circumferential siress induced in the boiler plates

We know that circumierential stress induced in the boiler plates,

_ pd _25%800
Pei= 20T 2%10

Longitudinal siress induced in the boiler plates

We also know that longitudinal stress induced in the boiler plates,

b= ﬁ-_- 2.5 800
! 4 4x10

I A cylindrical shell of 1.3 m diameter is made up of 18 mm thick plates. Find
the circumferential and longitudinal stress in the plates, if the boiler is subjected to an internal
pressure of 2.4 MPa. Tuke efficiency of the joinis as 70%.

Sowumon. Given: Diameler of shell (@) = 1.3 m = 1.3 x 10° mm ; Thickness of plates (1) = 18
mm; Internal pressure (p) =24 MPa=24 N/mm’ and efficiency () = 70% = 0.7.
Circumferential siress

We know that circumferential stress,

pd _24%(13x10%

- R ——— 2—
O = D= axisx07 = 124Nmm'=124MPa  Ans.

=100 N/mm” = 100 MPa  Ans.

=SON/mm’=50MPa  Ans.

Longitudinal stress
We also know that longitudinal stress,

pd _24x(1.3x10%)

= = = 2_
o, = am A%18%07 =62 N/mm* = 62 MPa Ans.

Dr.T.Prakash, Professor of Mechanical Engineering
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3. A gas cylinder of internal diameter 40 mm is 5 mm thick. If the tensile
stress in the material is not to exceed 30 MPa, find the maximum pressure which can be allowed
in the cylinder.

Sowmon. Given: Diameter of cylinder (d) = 40 mm ; Thickness of plates (f) = 5 mm and tensile
stress (0,) = 30 MPa = 30 N/mmz.

Let p = Muaximum pressure which can be allowed in the cylinder.
We know that circumferential stress (o),
- B B
o™ g P
30 2
e 7.5 N/mm*® = 7.5 MPa Ans.

Nome: 1. Since the circumferential stress (6,) 1s double the longitudinal stress (6, therefore in order to find the
maximum pressure the given stress should be taken as circumferentinl stress,
2. If however, we take the given tensile stress of 30 Nimm® as the Jongitudinal stress, then

pd_px40

Now 8% "

p = ? = 15 Nimm® = 15 MPa

Now we shall provide a pressure of 7.5 MPa e, (Lesser of the two values) obtained by using the tensile
stross as carcumlerentinl stress and longitudinal stress,
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Design of Thin Cylindrical Shells

Designing of thin eylindrical shell invidves caleulating the thickness (0 of a cylindrical shell (or
the given lengih (), dinmeter (o), intensity of maximum internal pressune (p) and circumiorential
stress (o, ) The required thickness of the shell is caleulsted Trom the relation,

!
R . (See Aticle 31.4)
I the thickness go obtadned, 15 nol o roond goare, then oext higher value is provided,
Mormes The thickness olstined Trom the boogiudinal stress will be ball of the thickness obtuned Tom cieom-
ferentnl stress, Thie, it should not be accepied,

A thin cylindrical shetl of 400 mm diameter i o be designed for an internal
pressure of 2.4 MPa, Find the suitable thickness of the shell, if the allowable circumferentiof
siress i 50 MPa,

SovLumon. Given: Diameter of shell () = 400 mm ;. Intemal pressure (p) = 2.4 MPa= 2.4 Nimm
and circumierentinl stress (o) = 50 MPa = 50 Nifmm®.

W know that thickness of the shell,

pd 24X 400
I = 55 " 3xsy =%6mm say 10mm  Ans

B Acylindrical shell of 500 mm diameter is required to withstand an internal
prressure of 4 MPa. Find the minimum thickness of the shell, if maximum lensile strength in the
flate material i 400 MPa and efftciency of the joinls is 5%, Tuke factor of safety ax 5, :

Solunon. Given: Diameter of shell &rﬂ = SO0 man ; Imternal pressure () = 4 MPa = 4 Nimm’;
Tensile strengih = 400 MPa = 400 Nfmm® ; Eificiency (n) = 65% = (LG5 and (actor of salety = 5,

W know thal allowahbe tensile stress (L2, cireamiementinl siress),

_ Tensile sln-gﬂlh = ﬁl{_} r, ¥
% = Factor of safelty 5 90 v
and mdnkmium thickness of shell,

2

pd A% 500
T o2a,m 2xB0x0.65

= 1.Zmm say 20 mm Ans.

Change in Dimensions of a Thin Cylindrical Shell due to an
Internal Pressure

W have alreamdy discussed in the chapter on Blistie Constants that lateral stratn is always secom-
panied by a linear stradn. I s thus obvious that in o thin cylindrical shell subjected 1o an intermal
pressure, its walls will also be subjected (o leral strain, The effect of the laieral strins is 0 couse
somme change in the dimensions (Le, keagth and dismeter) of the shell, Now consider a thin cylindrical
shell subjected o an infernal prossure,

Let I = Length of the shell,

d = DHhmmeter of the shell,
I = Thickness of the shell and
P o= Inensity of the intemal pressure.
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Wi know that the circumierential stress,

_m
%% = x

o

&
Change in dizmeler of the shell,
Change in the length of the shell and

=

wnd lomgitudinal siress,
MNuow let

Poisson’s ratio,

L]

- P o

MNow changes in diameter and length may be found out Tfrom the above equations, as usual (Le.,
by muliplying the strain and the corresponding linear dimension)

o

1 mll (11
and o =opi=fg (12 =523 1)

B. A cylindrical thin drum 800 mm in diameter and 4 m long is mace of 10 mm
thick plates. ff the drum is subjected fo an internal pressure of 2.5 MPa, determine its changes in
diameter aml length. Take E as 200 GPa and Poisson's ratio as (.25,

Sowmon. Given: Diameter of drum (d) = 800 mm ; Length of dum (=4 m =4 x 10" mm H
Thickness of plates (1) = 10 mm ; Internal pressure (p) = 2.5 MPa = 2.5 Nfmm® ; Modulus of

Bl

: |
elasticity (£) = 200 GPa = 200 % 10° Nfmm® and erisson’s ralio [‘—‘] = 0.25.

"
Change in diameter
We know that change in dismeter,

Gl

J-ﬂ[l_i): 2.5 % (800)" [I—E)mm

AE " 2m] 2310 %(200 x10%) 2
.35 mm Ans.

Change in lengih
We also know thal change in length,

]
. J‘E(l _L].= 2Sx0THANRLY ) j[lvnl.:-;]mm
= ME\2 m) 2xi0x00x10%) \2

L5 mm Ans.

Change in Volume of a Thin Cylindrical Shell due to an
Internal Pressure
Wi have already discussed in the last article, thal there is always an increase in the length and
digmeter of a thin cylindrical shell due to an internal pressure. A little consideration will show that
increase in the leagth and diameter of the shell will also increase ils volume. Now consider a thin
cylindrical shell subjected o an intemal pressure,
Let I = Oxriginal length,
Orriginal diameter,
Change in length due to pressure and
Change in diameter due to pressune.

i
&l
Bl
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We know that original volume,

vV = -}xdle:[iﬁ(d+8d)2x(lx81)J--:-txdle

= %(d * 50+ 241 - 5d) ~.(Neglecting small quantities)
sv @S
gz K. 2 =Tt 7 cat,
z)(d x|
or OV = Vg +2e)
where e, = Circumferential strain and
g, = Longitudinal strain.

LA cylindrical vessel 2 m long and 500 mm in diameter with 10 mm thick
plates is subjected to an internal pressure of 3 MPa. Calculate the change in volume of the vessel.
Take E = 200 GPa and Poisson’s ratio = 0.3 for the vessel material.

Sowumon. Given: Length of vessel (I)=2m=2x 10’ mm ; Diameter of vessel (d) = 500 mm
» Thickness of plates (1) = 10 mm ; Internal pressure (p) = 3 MPa =3 N/mm” ; Modulus of elasticity

1
(E) = 200 GPa = 200 x 10° N/mm® and poisson’s ratio (;) =0.3.
We know that circumferential strain,

_ﬂ( 1 ) 3 x 500 ( 0..] : 3
e = — |= l-=|=032x10" @
© T AE\ 2m) 2x10x(200%10%) 2 “

and logitudinal strain, €, = '2%(% -#)

3% 500 (l

Y 10% (200 %10") 5‘"-3) =0.075 x 107 _(if)

We also know that original volume of the vessel,

14

%(a)’ Xl = %(500)’ x (2x10%) = 3927 % 10® mm®

Change in volume,
oV

Ve, +2¢) =392.7 x 10° 032 x 107 + (2 x 0.075 x 107)] mm"’
= 185% 10" mm’ Ans.
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