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Thin wall pressure vessels

Cylindrical pressure vessels
- Geometry of the solid body:  

radius-to-wall-thickness ratio has
to be 10 or more!

- Kinematic assumptions: 
the strain varies insignificantly
across the the thickness (i.e., from the
inside of the vessel wall to the outside)

- Material behavior: 
isotropic linear elastic material; 
small deformations.

- Equilibrium:
+ longitudinal or axial direction
+ circumferential or hoop direction

Note: stress is due to a combined load in circumferential and axial directions.



5

Thin wall pressure vessels

Cylindrical pressure vessels

Wilmeth Active Learning Center Building 
Construction Time-Lapse, 
August 2014–September 2016
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Thin wall pressure vessels

Cylindrical pressure vessels
- Geometry of the solid body:  

radius-to-wall-thickness ratio has
to be 10 or more!

- Kinematic assumptions: 
the strain varies insignificantly
across the the thickness (i.e., from the
inside of the vessel wall to the outside)

- Material behavior: 
isotropic linear elastic material; 
small deformations.

- Equilibrium:
+ longitudinal or axial direction
+ circumferential or hoop direction

Note: stress is due to a combined load in circumferential and axial directions.
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Cylindrical pressure vessels

FBD in the 
vertical direction

FBD in the 
horizontal direction: Axial stress

: Hoop stress

: Pressure of the gas

Thin wall pressure vessels



Cylindrical pressure vessels
- Axial (Longitudinal) stress:
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FBD in the 
vertical direction

: Axial stress

: Hoop stress

: Pressure of the gas

equilibrium in the
vertical direction

axial stress in
the cylinder

Thin wall pressure vessels



Cylindrical pressure vessels
- Hoop stress:
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: Axial stress

: Hoop stress

: Pressure of the gas

equilibrium in the
horizontal direction

Hoop stress in
the cylinder

FBD in the 
horizontal direction

Thin wall pressure vessels
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Spherical pressure vessels

FBD for half of
the sphere and the 

internal gas

: Normal stress

: Pressure of the gas

Notice that the normal
stress         is the same 
in all directions!
(due to the spherical
symmetry of the object
and the loading)

equilibrium of
forces

normal stress in
the sphere

Thin wall pressure vessels
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Cylindrical body with hemispherical end caps

axial stress in
the cylinder

Hoop stress in
the cylinder

normal stress in
the sphere

Thin wall pressure vessels

If the maximum (or allowable) tensile stress 
of the material is                 .

What is the thickness of the body and the caps?
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Cylindrical body with hemispherical end caps

axial stress in
the cylinder

Hoop stress in
the cylinder

normal stress in
the sphere

If the maximum (or allowable) tensile stress 
of the material is                 .

What is the thickness of the body and the caps?

Thin wall pressure vessels

Burst due to internal pressure.
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Cylindrical body with hemispherical end caps

axial stress in
the cylinder

Hoop stress in
the cylinder

normal stress in
the sphere

Thin wall pressure vessels

Collapse due to external pressure
(no need for vacuum, many times 
a differential pressure is enough!)

If the maximum (or allowable) tensile stress 
of the material is                 .

What is the thickness of the body and the caps?



Problem 65:
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Determine the stresses in a cylindrical pressure 
vessel 2.5 m in diameter and 10 mm thick.
The internal pressure is 1200 kPa.

Thin wall pressure vessels – Mohr’s circle

�y

�y

�x�x

State of plain stress What happens if we rotate
the stress elements? 

⌧nt 6= 0



Any questions?
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Thin wall pressure vessels


