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Pressure vessels are closed structures containing liquids or gases
under pressure. These are special case of plane stress i.e. ௭  ଷߪ = 0

When pressure vessels have walls that are thin in comparison to
their overall dimensions, they are included within a more general
category known as shell structures.

Pressure vessels are considered to be thin-walled when the ratio of
radius r to wall thickness t is greater than 10
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Pressure Vessels: Recap



Cylindrical Pressure Vessels



 A stress element with its faces parallel and perpendicular to the axis of the tank
is shown on the wall of the tank. The normal stresses ଶ actingߪ ݀݊ܽ ଵߪ on the
side faces of this element are the membrane stresses in the wall.

 No shear stresses act on these faces because of the symmetry of the vessel
and its loading. Therefore, the stresses ଶ areߪ ݀݊ܽ ଵߪ principal stresses

 Because of their directions, the stress ଵߪ is called the circumferential stress or
the hoop stress, and the stress ଶߪ is called the longitudinal stress or the axial
stress.

 Each of these stresses can be calculated from equilibrium by using appropriate
free-body diagrams.

Cylindrical Pressure Vessels



Cylindrical Pressure Vessels: Circumferential Stress

 To determine the circumferential stress
we make two cuts (mn and pq)
perpendicular to the longitudinal axis
and distance b apart.

 Then we make a third cut in a vertical
plane through the longitudinal axis of
the tank, resulting in the free body

 This free body consists not only of the half-circular piece of the
tank but also of the fluid contained within the cuts. Acting on the
longitudinal cut (plane mpqn) are the circumferential stresses ଵߪ
and the internal pressure p.

Force due to fluid pressure = Force due to Hoop stress
 × ܾݎ2 = ଵߪ × (ݐ2ܾ)

ଵߪ =
ݎ
ݐ



The longitudinal stress is obtained from the
equilibrium of a free body of the part of the
vessel to the left of cross section mn The
resultant of the tensile stresses ߪ in the wall
is a horizontal force equal to the stress ߪ
times the area over which it acts

Cylindrical Pressure Vessels: Longitudinal Stress

Force due to fluid pressure = Force due to longitudinal stress
 × ଶݎߨ = ଶߪ × (ݐݎߨ2)

ଶߪ =
ݎ
ݐ2



 The outer surface of a Cylindrical pressure vessel is
usually free of any loads. Therefore, the element
shown below is in biaxial stress.

 The x and y axes are tangential to the surface of 
the sphere, and the  z axis is perpendicular to the 
surface.

௫ߪ = ଶߪ

௬ߪ =  ଵߪ

 If we analyse the element of by using the 
transformation equations for maximum in-plane 
shear stress

߬௫ =
ଵߪ − ଶߪ
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Maximum out-of-plane shear stress
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Cylindrical Pressure Vessels: Stresses at the Outer Surface
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ଷߪ = −

 Maximum shear stress
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Cylindrical Pressure Vessels: Stresses at the Inner Surface
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