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STRESSES IN THIN-WALLED 
PRESSURE VESSELS

• Thin-walled pressure vessels provide an 
important application of the analysis of plane 
stress. Since their walls offer little resistance 
to bending, it can be assumed that the 
internal forces exerted on a given portion of 
wall are tangent to the surface of the vessel 
(Fig).



• Consider a cylindrical vessel of inner radius r and 
wall thickness t containing a fluid under pressure 
(Fig. ).  We propose to determine the stresses 
exerted on a small element of wall with sides 
respectively parallel and perpendicular to the 
axis of the cylinder.

• Because of the axisymmetry of the vessel and its 
contents, it is clear that no shearing stress is 
exerted on the element. The normal stresses σ1 

and σ2 shown in Fig. are therefore principal 
stresses. The stress σ1 is known as the hoop 
stress, because it is the type of stress found in 
hoops used to hold together the various slats of a 
wooden barrel, and the stress σ2 is called the 
longitudinal stress.



• In order to determine the hoop stress s1, we 
detach a portion of the vessel and its contents 
bounded by the xy plane and by two planes parallel 
to the yz plane at a distance Dx from each other 
(Fig.). The forces parallel to the z axis acting on the 
free body defined in this fashion consist of the 
elementary internal forces σ1 dA on the wall 
sections, and of the elementary pressure forces p 
dA exerted on the portion of fluid included in the 
free body. Note that p denotes the gage pressure 
of the fluid, i.e., the excess of the inside pressure 
over the outside atmospheric pressure. The 
resultant of the internal forces σ1 dA is equal to the 
product of σ1 and of the cross-sectional area 2t Δx
of the wall, while the resultant of the pressure 
forces p dA is equal to the product of p and of the 
area 2r Dx. Writing the equilibrium equation ƩFz =
0, we have





It can be observed from the previous two Eqs.  that the hoop stress σ1 is twice as large as the 
longitudinal stress σ2













Beam Deflection Analysis







You have seen this form of 

curvature equation  in calculus

The equation obtained is a second-order linear differential 

equation; it is the governing differential equation for the 

elastic curve.
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