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Summary of Previous Lectures

• Thin and Thick Walled Cylinders

• Applications of Thin and Thick Walled Cylinders

• Three Different forms of Stresses in Cylinders

• Longitudinal Stresses

• Longitudinal Strains

• Change in Length

• Hoop or Circumferential Stresses

• Circumferential Strain

• Change in Diameter

• Change in Volume

• Radial Stresses

• Derivation of Formulae for Stresses in Thin and Thick Walled Cylinders

• Application of Longitudinal, Circumferential, and Radial Stresses on Real World Engineering Problems.
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Table of Content for Lecture # 3

• Joint Efficiency in Cylinders

• Derivation of Formulae for Joint Efficiency in Cylinders

• Example Problems on Joint Efficiency.

• Spherical Pressure Vessels

• Problem on Spherical Pressure Vessels

• Few implications (deductions) on Cylindrical and Spherical Pressure Vessels.
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JOINT EFFICIENCY

Longitudinal

rivets

Circumferential

rivets

Steel plates of only particular lengths and width are available. Hence

whenever larger size cylinders (like boilers) are required, a number

of plates are to be connected. This is achieved by using riveting in

circumferential and longitudinal directions as shown in figure. Due to

the holes for rivets, the net area of cross section decreases and hence

the stresses increase.



JOINT EFFICIENCY

p × d  
σC = 

2 × t ×η L
.............(1)

The cylindrical shells like boilers are having two types of joints

namely Longitudinal Joints and Circumferential Joints. Due to the

holes for rivets, the net area of cross section decreases and hence the

stresses increase. If the efficiencies of these joints are known, the

stresses can be calculated as follows.

Let ηL= Efficiency of Longitudinal joint

and ηC = Efficiency of Circumferential joint.

Circumferential Stress is given by,
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element which is characterized 
by its geometry, being a three-
dimensional solid whose 
thickness is very small when 
compared with other 
dimensions
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p × d
σL = 

4 × t × η C
.............(2)

Note: In longitudinal joint, the circumferential stress is developed

and in circumferential joint, longitudinal stress is developed.

Longitudinal stress is given by,

Circumferential

rivets
Longitudinal

rivets



If A is the gross area and Aeff is the effective resisting area then,  

Efficiency = Aeff/A

Bursting force = p L d

Resisting force = σc ×Aeff = σc ×ηL ×A = σc ×ηL ×2 tL

Where η L=Efficiency of Longitudinal joint

Bursting force = Resisting force  

p L d = σc ×ηL × 2 t L

𝐩 × 𝐝
σ𝐂= 

𝟐 × 𝐭 × 𝛈 𝐋
.............(𝟏)



If η c=Efficiency of circumferential joint  

Efficiency = Aeff/A

Bursting force = (π d2/4)p

Resisting force = σL ×A′eff = σL ×ηc ×A′ = σL ×ηc ×π d t

Where η L=Efficiency of circumferential joint

Bursting force = Resisting force

𝐩 × 𝐝
σ𝐋 = 

𝟒 × 𝐭 × 𝛈 𝐂
.............(𝟐)
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Sample Problem # 1

A cylindrical tank of 750mm internal diameter, 12mm thickness and

1.5m length is completely filled with an oil of specific weight

7.85 kN/m3 at atmospheric pressure. If the efficiency of longitudinal

joints is 75% and that of circumferential joints is 45%, find the

pressure head of oil in the tank. Also calculate the change in volume.

Take permissible tensile stress of tank plate as 120 MPa and E = 200

GPa, and μ = 0.3.

SOLUTION:

Let p = max permissible pressure in the tank.  

Then we have, σL= (p×d)/(4×t) η C

120 = (p×750)/(4×12) 0.45  

p = 3.456 MPa.

Also, σ C= (p×d)/(2×t) η L

120 = (p×750)/(2×12) 0.75  

p = 2.88 MPa.



Max permissible pressure in the tank, p = 2.88 MPa.

(5−4μ)
V (4 tE)

(pd)
Vol. Strain, 

dv
=

dv = 8.5510-4 V = 8.5510-4 
π
7502 1500 = 0.567106 mm3.

4

= 0.567 10-3 m3 = 0.567 litres.

 (5 - 40.3) = 8.5510-4

(412200103)

(2.88750)
=
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A boiler shell is to be made of 15mm thick plate having a limiting

tensile stress of 120 N/mm2. If the efficiencies of the longitudinal and

circumferential joints are 70% and 30% respectively determine;

i) The maximum permissible diameter of the shell for an internal

pressure of 2 N/mm2.

(ii)Permissible intensity of internal pressure when the shell diameter

is 1.5m.
SOLUTION:

(i) To find the maximum permissible diameter of the shell for 

an  internal pressure of 2 N/mm2:

L

c
2 tη

pd
i. e., σ =

a) Let limiting Tensile Stress = Circumferential stress = σ c =120N/mm2.

d = 1260 mm
2150.7

2d
120=

Sample Problem # 2



C

L

pd
i. e., σ =

b) Let limiting tensile stress = Longitudinal stress = σ L =120N/mm2.

The maximum diameter of the cylinder in order to satisfy both the  

conditions = 1080 mm.

d = 1080 mm.
4150.3

4 tη  

2d
120=
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(ii) To find the permissible pressure for an internal diameter of 1.5m:  

(d=1.5m=1500mm)

a) Let limiting tensile stress = Circumferential stress = σ c =  

120N/mm2.

L

c
2 tη

pd
i. e., σ =

b) Let limiting tensile stress = Longitudinal stress = σ L =120N/mm2.

C

L
4 tη

pd
i. e., σ =

p =1.68 N/mm 2.

215 0.7

p1500
120=

p =1.44 N/mm 2.

The maximum permissible pressure = 1.44 N/mm2.

4150.3

p1500
120=



THIN ANDTHICK  

CYLINDERS
-34

Exercise Problem # 1

A cylindrical tank of 750mm internal diameter and 1.5m long is to be

filled with an oil of specific weight 7.85 kN/m3 under a pressure head

of 365 m. If the longitudinal joint efficiency is 75% and

circumferential joint efficiency is 40%, find the thickness of the tank

required. Also calculate the error of calculation in the quantity of oil

in the tank if the volumetric strain of the tank is neglected. Take

permissible tensile stress as 120 MPa, E=200GPa and μ= 0.3 for the

tank material. (Ans: t=12 mm, error=0.085%.)
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Thin Walled - Spherical Pressure Vessels 15

➢A sphere is an ideal shape for a closed pressure vessel, if the

contents are of negligible weight; a cylindrical vessel is also good

with the exception of the junctions with the ends.
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Thin Walled - Spherical Pressure Vessels 16
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Thin Walled - Spherical Pressure Vessels 17
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Thin Walled - Spherical Pressure Vessels 18
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Thin Walled - Spherical Pressure Vessels 19
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Walled - Spherical Pressure Vessels
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Thin Walled - Spherical Pressure Vessels 22
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Software Images of Stresses on Critical Joints 23
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Abaqus Software Images of Stresses on Cylinder
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Thank-you for Listening! 24

Be yourself. (Shad)
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