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THICK CYLINDERS AND SPHERES



Example 7, P. 271: The cylinder of a hydraulic ram Is 6 cm
Internal diameter. Find the thickness required to withstand
an internal pressure of 40 MPa, If the maximum tensile
stress Is limited to 60 MPa and the maximum shear stress to

50 MPa.




If D em is the external diameter, then the maximum tensile stress is
the hoop stress at the inside, i.e.

60 =[(D? +36)/(D? -36)40 from (3)
or 3D2-108=2D% 472
D =+/180
=13-43 cm

The maximum shear stress is half the “‘stress difference” at the inside,
i.e.

50 =[D2/(D? -36)]40 from (4)
or 5D -180 =4D%
D =4/180
=13-43 cmm  as before
Thickness =4(13-43 - 6)
=3-72 cm



Example 8, Pp. 271 & 272: Find the ratio of thickness to
Internal diameter for a tube subjected to internal pressure

when the ratio of pressure to maximum circumferential
stress 1s 0.5.

Find the alteration of thickness of metal in such a tube 8 cm

Internal diameter when the pressure 1s 50 MPa. E = 200
GPa; v=0.304. (U. L.)



& =[(d:2 +dH)(d:2 ~dB)])py  from (3)

or (d2* =d %) = 0-3ds* +d;%)
giving dafdy = /'3
: Thickness d, —d; +4/3-1
Ratic Internal diameter 2d 2

== ()-366

d, =80 mm d-—80+1/3 —1386 mm
At inside
P =50 N/mm?2, a;=100N/mm:?
oy =pd2{(ds? - dy?) =25 Nfmm?
Hoop strain = (100 +0-304 = 50 - 0-304 = 25)/E
=112-6/FE
Increase in internal diameter =(112-6/FE)80 mm



At outside
p=0, o;=>50N/mm? (since o; —p =constant =50)
s =25 N/mm? as before.
Hoop strain = (30 - 0-304 = 25)/E
=47-4/FE
Increase 1in external diameter =(47-4/£)1 356 mm

Decrease in thickness =(112:6 x 80 — 474 = 138-6)/(2 = 200,000)
=006 mm



Example 9, Pp. 272 & 273.: The maximum stress
permitted in a thick cylinder, radii 8 cm and 12 cm, is 20
MPa. The external pressure Is 6 MPa. What internal
pressure can be applied?

Plot curves showing the variation of hoop and radial
stresses through the material.



External pressure 600 = —a +5/576 N/cm?
Maximum stress =hoop stress at inside

1.e. 2000 =a +b/236
Adding and solving
b=(2600 = 256 « 576)/832
and a=2000 - 5256 =200
Internal pressure= —a +b/256
= — 200 + (2600 x 576)/832
= 1600 Nfcm?

The constant difference between the hoop and radial stresses =400
N/em?.



At 10 cm radius
oy =a +bf400
=200 + (2600 = 256 = 576)/(832 = 400)
=1350 N/cm?
and p=o, —400 =950 Njcm?

See Fig. 15.13 for a graphical representation of the stress varation.
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Example 12, Pp. 278 & 279: A tube 4 cm outside by 6 cm

outside C
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stress In each tube Is to be the same. Calculate this stress
and show on a diagram the variation of hoop stress in the
two tubes. What is the initial difference of diameters before
the shrinking on? E = 207 GPa.



Let py be the common radial pressure due to shrinkage.
For the inner tube:

At the cutside o= —-a+b/36
At the inside 0= -a+bf16

from the general equations (8), Para. 15.8.

Subtract and solve
= = [{36 x16)/(36 —16)]pg = - (144/5)p,
and a=>b{16= —(9/5¥py,
Maximum hoop stress =a + /16 = — (18/5)p,
Hoop stress at 6 cm diameter =a +5/36 = ~(13/5)p,

(1)



For the outer tube:

At the inside Po=—-a" +b'/36

At the outside 0= -a +b'/64

Subtract and solve

b* =[(64 = 36)/(64 — 36)]pg =(576/T)pg
and a’ =b'fo4 =(9/7)py
Maximum hoop stress =g’ +5'/36
=(25/T)pg
Hoop stress at 8§ cm diameter =a’ + b'/64
=(18/7)pg

(1id)
(iv)



The 11'_11&3 m:arked “*shrinkage stresses "’ on Fig. 15.15 are sketched from
results (i) to (iv), the numerical value of py being obtained later.

Strezses due to internal pressure:
At the inside 50=-a”"+b"/16
At the ocutside O=-a” +b"/64

Subtract and solve
LY =[(64 = 16)/{64 - 16)] = 50 =(64/3) = 50
and a’ =53
Hoop stresses:

4 em diameter o =50/3 +(64 = 50)/(3 = 16)

=833 N/mm? (v)
6 cm diameter oy =50/3 + (64 = 50)/(3 = 30)
=464 N /'mm? {v1)

8 em diameter oy =503 + (64 = 50)/(3 = 64)
33-3 N/mm? (vii)



From results (v), (vi}, and (vii) the line of “ pressure™ stresses is drawn
on Fig. 15.15. The final resultant hoop stress in each tube 13 obtained by

taking the algebraic sum of shrinkage and pressure stresses. It was pointed
out in Para. 15.8 that the maximum stress occurs at the inside surface,

Equating these values for the two tubes gives
(1) +(v) =(m} +(v1)
ie, - (18/3)p, + 833 =(25/7)p, + 464

or pp =369 35/251
=5-15 N/mm?
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Numerical value of maximum hoop stress
= (11} +(v1) = 647 N/mm?
the other values being shown in Fig. 15.15.

Initial difference of diameters at the common surface

= difference of hoop strains * diameter
=(1/E)difference of hoop shrinkage stresses) = diameter
=[(13-4 +18-3)/(207,000}] = 60

=0-00%2 mm



Example 11.14, Rajput, p. 658: A thick spherical shell
of 180 mm internal diameter is subjected to an internal

fluid pressure of 24 MPa. If the permissible tensile stress
Is 120 MPa, find the thickness of the shell.



Solution:

Given:
Internal radius of the spherical shell:

Internal fluid pressure, p (or ;) = 24 MPa
Permissible tensile stress, o = 120 MPa



Thickness of the Shell:

We know that:
b
p=—a+t_;

and

Atd=0.18 m, p = 24 MPa.

(1)

(1)



Therefore,

24 = —q + —— = —a + 171.47b (iii)
0.18

Atd=0.18 m, oy = 120 MPa.

Therefore,

120 = a + ——— = a + 85.73b (iv)
2%X0.18




Adding (111) and (1v) and solving,
b=0.56 and a =72
If d, Is external radius,atd=d,, p=0

From (1):

d, =0.198 m =198 mm.



Thickness, t:

d,—d; 198—180

t =
2 2

t=9 mm




Example 11.15, Rajput, pp. 658-9: A spherical shell of
120 mm internal diameter has to withstand an internal
pressure of 30 MPa. If the permissible tensile stress is 80
MPa, find the thickness of the shell.



Solution:

Glven:
Internal radius of the spherical shell:

Internal fluid pressure, p (or g,)) = 30 MPa
Permissible tensile stress,c = 80 MPa



Thickness of the Shell:

We know that:

p=—a+%
and

—_— | b

O'g—alde

Atd=0.12m, p = 30 MPa.

(1)

(1)



Therefore,

b
30 = —a —3 = —a 578.70b (111)

Atd=0.12 M, 0g = 80 MPa.

Therefore,

80 = a + —— = a + 289.35b (iv)
2X%X0.12




Adding (111) and (1v) and solving,
b=0.127 and a = 43.495
If d, Is external radius, atd=d,, p=0

From (I):

0.127

d;

d, =0.143 m = 143 mm.

0 = —43.495 A




Thickness, t:

d,—d; 143 —120

t =
2 2

t=11.5 mm










ASSIGNMENT PROBLEMS
*»* Due After One (1) Week.

From the Problems from the Tutorial Assignment Sheet:

1. Thick Cylinders and Spheres: Problems 17 and 20






