
Thin-walled pressure vessels

• Cylindrical or spherical vessels are commonly used in 
industry as boilers or tanks.

• “Thin walled” refers to vessels having an inner radius to 
wall thickness ratio of 10 or more (r/t ≥ 10)

Cylindrical vessels subjected to pressure develops two 
kind of stresses: 



Cylindrical vessels subjected to pressure develops two 
kind of stresses: 

Circumferential 
or hoop stress:

σ1 = p r / t   

Longitudinal or 
axial stress:

σ2 = p r / 2 t

Where:

p : internal gauge pressure

r: inner radius 

t : thickness of the wall



Spherical vessels: 

σ1=σ2 = pr/2t

Thus it is obvious that an element taken from either a 
cylindrical or a spherical vessel is subjected to biaxial 
stress (normal stress existing in only two directions).

A radial stress σ3 acting along the radial line being a 
maximum of p on the interior surface and zero at the 
external surface. This stress is usually neglected due to to 
its small value compared to σ1 and σ2.







Combined Loadings
Normal Force: leads to a uniform normal stress distribution 

σ = p /A

Shear Force: internal shear force in a member subjected to 
bending leads to a shear stress distribution determined by 
τ=VQ / It

Bending moment : For straight members internal bending 
moment leads to a normal stress distribution that varies from 
zero at the neutral axis to a maximum at the outer boundary of 
the member σ = My /I

Torsional moments: Circular shafts subjected to internal 
torsion develop a shear tress distribution that varies linearly 
from the central axis at a maximum at the shaft’s outer 
boundary τ = T ρ / J



Procedure for analysis

Section the member perpendicular to its axis at the point 
where the stress is to be determined, and obtain the resultant 
internal moment, shear force, axial force, 
bending and torsional moment components.

Force components should act through the centroid of the cross 
section and the moment components should be computed 
about the centroidal axis. 



N.B. The load can be removed 
to the centroid of the cross 
section area with an 
accompanied moment

15000 N

M= 15000 x 50= 750000 N mm



15000 N

M= 15000x 50= 750000 Nmm




