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3.1Stresses in thin-walled cylinders and shells: 

Thin-walled cylinders subjected to internal (or external) 

pressure provide an important application of in-plane 

normal stress. The ratio of cylinders diameter "d" to the 

cylinders thickness "t" is the criterion to classify the 

cylinders to thin-walled and thick- walled cylinder), so 

for thin-walled cylinders: 

 

Consider a thin-walled closed cylinder shown in the 

figure with internal pressure "P", inner diameter "d", wall 

thickness "t", and length "l". Three stresses will be set up 

in the wall of this cylinder. These stresses are described 

by the enlarged element shown in the figure.                        

 

The stresses are: 

1- Radial stress "σR" is very small, so neglected. 

2. Hoop stress, "σH” (also called circumferential or 

tangential). It is a tensile stress acting along the circumference 

of the cylinder at all its length. Figure a, b, and c describe its 
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location. For equilibrium, the internal forces due to the hoop 

stress must equal the resultant force due to pressure, so: 

∑ 𝒇𝒙 = 𝟎    𝑶𝑹  σ𝒙(𝟐 ∗ 𝒍 ∗ 𝒕) = 𝒑(𝒅 ∗ 𝒍), →σ𝑯 =
𝒑𝒅
𝟐𝒕 

 

2- Longitudinal stress " σl ". It is a tensile stress acting along 

the length of the cylinder. Figure a, and b, describe the 

location of the longitudinal stress. 
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For equilibrium the internal forces due to this  stress must equal 

the resultant .                                                                                          

     

          →σ𝒍 =
𝒑𝒅
𝟒𝒕                                                                

You can see that: σ𝑯 = 𝟐𝛔𝒍 

 

Example #1 Unpressurized vertical tank is filled with water 

(density = 1000kg/m3). The tank is cylindrical with an outer 

diameter of 3m, a wall thickness of 10mm, and a height of 8m. 

Determine the maximum normal stress induced in the wall of the 

tank.  

Solution:- The hoop stress is the maximum normal stress 

in the wall of the tank, so: 

σ𝒎𝒂𝒙 =σ𝑯 =
𝒑𝒅
𝟐𝒕 
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Example #2 A spherical pressure vessel is 3m in diameter with a 

wall thichness of 12mm. Knowing that for the steel used the 

maximum allowable stress is 80MPa, determine the allowable 

pressure that can be used to the vessel.  

Solution: As the vessel is spherical, so by symmetry, the stresses 

induced on any element in any direction at the wall of the vessel 

must be equal. This stress can determined by passing a section 

through the center of the vessel and considering the free body 

diagram as shown in the figure. For equilibrium you can state 

that the internal forces due to the stress must equal the 

resultant force due to pressure, so: 

 

 

σ𝒍 =
𝒑𝒅
𝟒𝒕       𝒑 = 𝟒∗𝟎.𝟎𝟏𝟐∗𝟖𝟎∗𝟏𝟎𝟔

(𝟑−𝟐∗𝟎.𝟎𝟏𝟐)
= 𝟏.𝟐𝟗 𝑴𝑷𝒂 

 

 


