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Chapter Seven

Thin and Thick Cylinders
A) Thin Wall Cylinders:

5
The thin cylinder have aratio of inside diameter to thickness of wall &, and in

et g
the cylinder this ratio equal to 8? OB while the thick cylinder have ratio of
e
et %]

A cylindrical vessel may carrying fluid (liquid or gas ) under pressure of
N
p( m 2 ) and its subjected to tensile forces which resist the bursting forces
developed across longitudinal and transverse section .

In the thin wall cylinder two types of stresses are created due to the fluid pressure :

1- Hoop stresses (circumferential or tangential stresses) : S

For balancing forces on the thin cylinder :
Force dueto internal pressure (F) = p* Area
=p*(d*L)

Resisting force due to hoop stress (P)=2* S * L* t s, 4 |\T g 1 \/

—p
\ F=P ] ¥
p*d* L =2 * SH* L* t
_ p*d
\'s, = "



Strength of Materials Chapter Seven Thin and Thick Wall Cylinders

=gl -us ] =2
hoop strain €+ " E Su-US | while &4 =
*d
\ e, =P 2-U
e )
changein diameter= e, *d, P d, =d,(1+e,) New diameter
\ Dd =d,*e,
2- Longitudinal stresses : S|
For balancing forces on the thin cylinder :
Force dueto internal pressure (F) = p* Area o o
— g
_ p*Bd2 «— — f
F= 4 P p__,}d
— —1
Resisting force due to —D " <
oL t oL

longitudinal stress(P) =S | *p *d*t
QF =P

\ p*%*dZ:sL*p*d*t

*
\ sL:p d
4t
1
Longitudinal strain (sL)=E(s L-usy)
p*d
_ 1-
4 E( )

Change in length = g *L,=AL

B) Thin wall Spherical vessel :

In spherical vessel there is onetype of stresses
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Ex:- The tank shown in figure isfabricated from
Steel plate . Determine the minimum thickness of plate
which may be used if the stress limited to (40MPa)

and internal pressureis (1.5MPa).

Sol:-

L oad due to pressure = Load due to longitudinal stress
F=P

s, *A=p*A

s *(prdrt+2t*l)= p*(%d2+d*l)
40*10°(p * 0.4* t + 2t* 0.6) =1.5* 10° (% (0.4)% +0.4* 0.6)
\ 983 =055P t=5.6mm

Sy*¥2*t*L=p*d*L
40*10°* 2*t* L =1.5*10°*0.4* L
\ t=7.5mm

Weusethe (t=7.5 mm)
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B) Thick Wall Cylinder :

: . : d
The cylinder may be called as Thick Cylinder when (— £20),
In thick cylinder we have tangential (Hoop) stress (o; = GH) longitudinal stress

(oL) , and radia stress (o;) . But the common types of stresses that used in thick
cylinder is tangential and radial stresses, while the radial stress in thin cylinder is

so small so that it can be neglected .

B
= A+ r—2
B
S = A - r_2
where :
A , B — Constants are determined
by boundary condition

For internal pressure (p):

S, =-p.= B 1
r i RlZ
For external pressure (po)
B
S = pO: A- —— e (2)
R,’

_ pI R2 po R2 i 0
from equ.(1) and (2) wecan find: A = R1R2 R’ , B= & R(.pRlp)

_Rp-Rp,  RR (P - po)
Ry -R* (RS- R)r’
\ s = RP-Rp, RIR(P - p,)
O R-RY(R-RY)F
R'p - R, p,
Ry - R
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For internal pressure only : Po=0

_ R12pi 6 Rzl;'
\St_Rz 2_é_1+—§L<I
- R é r°yg
_ R12pi 9 Rzl;'
\Sr_Rz 2@1'—§L<I
,-RTé royg

where :

S, ® Tensilestress (Positive)

S, ® Compressivestress (Negative)

Thin and Thick Wall Cylinders

The maximum stress at inside surface of cylinder at (r=R;)
_R+R
EMax (r=Ry) _(R22 j Rlz) pi
M'Max (r=Ry) = pi
2 2
(RZ+RD) o, o
_ S Tyiax . S MMax . — RZ2 B Rl2 | |
\ tMax (r=R;) — 2 - >
2
\ b v (r=Ry) = —p
(r=Ry) i
"R T REICR;
piRl2 B poRZ2
\ s | 5 5
Rz - Rl
R2
\'s | = —E' —~
e Rz - Rl
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For external pressureonly : Pi=o

2 2 2 0
\ S — R2 po gl Rl ljl
t R2. R2 & r2 4
2 1 e u
2 2 2 0
\ S — R2 po gl _ Rl ljl
r R 2 _ R 2 © r 2 u

2 1 e u

Inthiscasethe (St)and (S,) are alwayscompressive and maximum (S) occur at
inner surface of cylinder while (S, =0) at (r=R,) .

\'s :_—2R22p0
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Ex:- A thick cylinder of (200mm) internal diameter and (300mm) outer diameter
Is subjected to internal pressure of (60 MPa) and external pressure of (30 MPa) .
Find the stresses at inside and outside surface of cylinder .

Sal:-
B
B
S = A- —
r r2
ar=R;=0.1m P s, =-p, =-60MPa
ar=R,=015m P s, =-p, =-30MPa
B
- p = A - r_2
- 60 = A - Bz---(l)
(0.1)
B
+30 =mAxt ——- - - (2)
(0.15)
-30=-555B p B=0.54 p A=-60+100*0.54
A=-6
0.54
\ s =-6+ = 48 MPa -
too1 (0_1)2 (Tensile)
s, = -60MpPa Compressive
0.54
\ s =-6+—— =18 MPa '
tr=0.1s5 (015 )2 (TenS”e)
S, =- P, =-30MPa Compr essive
s = pR’- p,R; _ 60(0.1)“-30(0.15)% _ & MPa
: R? - R? (0.15)2 - (0.1)> Compr essive
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Ex :- A thick cylinder of (100mm) internal radius and (125mm) outer radius, its
subjected to external pressure of (1.4MPa) . Find the stresses on the cylinder .
Sol:-

R;p, & R’U
\ St: RZZ_ R2é1+r—]2-u
2 1 € u
RZp é RZU
\ ] — 2 Mo é]- 1
t=gy R22 _ R12 e R12H
2
\'s,  =- R?Z P = - 7.8MPa
2 - ™
\Sr :-—|§22p°2§-—£g:()
Max (r=Rq) R2 _ Rl e r u
\ ¢ =PRI PRE_ - pRE _ - 1.4710°* (0.125)°
L

RZ- R? RZ- R (0.125)2 - (0.1)2
\ s, =-3.88MPa

S -S - -
by = e e = 7-8-0__388MPa
| 2 2




