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 Use: To store fluids under pressure.

 The fluid being stored may undergo a change of state
inside the pressure vessel as in case of steam boilers or it
may combine with other reagents as in a chemical plant.

 The pressure vessels are designed with great care because
rupture of a pressure vessel means an explosion which may
cause loss of life and property.

 The material of pressure vessels may be brittle such as cast
iron, or ductile such as mild steel.



1. According to the dimensions

(a) Thin shell: wall thickness of the shell (t) is less
than 1/10 of the diameter of the shell (d). OR,
internal fluid pressure (p) is less than 1/6 of the
allowable stress

Use: boilers, tanks and pipes

(b)Thick shell: wall thickness of the shell (t) is greater
than 1/10 of the diameter of the shell (d) OR,
internal fluid pressure (p) is greater than 1/6 of the
allowable stress

Use: high pressure cylinders, tanks, gun barrels etc.



2. According to the end construction

(a) open end : A simple cylinder with a piston, such as
cylinder of a press is an example of an open end vessel, In
case of vessels having open ends, the circumferential or
hoop stresses are induced by the fluid pressure.

(b) closed end: A tank is an example of a closed end vessel.,
whereas in case of closed ends, longitudinal stresses in
addition to circumferential stresses are induced.



Assumptions:

1. The effect of curvature of the cylinder wall is
neglected.

2. The tensile stresses are uniformly distributed over the
section of the walls.

3. The effect of the restraining action of the heads at the
end of the pressure vessel is neglected



(a) Circumferential or hoop 
stress (b) Longitudinal stress.

Fail along the longitudinal section            
(i.e. circumferentially) splitting the 
cylinder into two troughs, Fig. (a).

Fail across the transverse section             
(i.e. longitudinally) splitting the cylinder 
into two cylindrical shells , Fig. (b).



A tensile stress acting in a direction tangential to the 

circumference is called circumferential or

hoop stress

 Total force acting on a longitudinal section (i.e. along 

the diameter X-X) of the shell 

= Intensity of pressure × Projected area 

= p × d × l                            ...(i)

 Total resisting force acting on the cylinder walls

= σt1 × 2t × l ...(two sections)   ...(ii)

From equations (i) and (ii),

σt1 × 2t × l = p × d × l

Circumferential or Hoop Stress



 A tensile stress acting in the direction of the axis is 

called longitudinal stress.

 It is a tensile stress acting on the *transverse or 

circumferential section Y-Y (or on the ends of the 

vessel).

Total force acting on the transverse section (i.e. 

along Y-Y)

= Intensity of pressure × cross-sectional area 

...(i)

 Total resisting force 

= σt2 × π d.t ...(ii)

From equations (i) and (ii),

Longitudinal Stress



Increase in diameter and length of the shell will also increase its volume.

The increase in volume of the shell due to an internal pressure is given by



 Thin Spherical Shells Subjected to an 
Internal Pressure

1. Diameter of the shell

The storage capacity of the shell

2. Thickness of the shell

Force tending to rupture the shell along the

centre of the sphere or bursting force

Resisting force of the shell

= Stress × Resisting area = σt × π d.t

Equating  above equations,





 When a cylindrical shell of a pressure vessel, hydraulic
cylinder and a pipe is subjected to a very high internal fluid
pressure, then the walls of the cylinder must be made
extremely heavy or thick.

 In the case of thick wall cylinders , the stress over the section
of the walls cannot be assumed to be uniformly distributed.

 They develop both tangential and radial stresses with
values which are dependent upon the radius of the element
under consideration.



 The Tangential stress is maximum at the inner
surface and minimum at the outer surface of
the shell.

 The radial stress is maximum at the inner
surface and zero at the outer surface of the
shell.



Let,

 ro = Outer radius of cylindrical shell,

 ri = Inner radius of cylindrical shell,

 t = Thickness of cylindrical shell = ro – ri,

 p = Intensity of internal pressure,

 μ = Poisson’s ratio,

 σt = Tangential stress, and

 σr = Radial stress.



 Assuming that the longitudinal fibres of the cylindrical
shell are equally strained,

 tangential stress at any radius x is,

• radial stress at any radius x,



 Since we are concerned with the internal pressure ( pi = p)
only, therefore substituting the value of external pressure, po =
0.

• Maximum tangential stress at the inner surface of the shell,

• Minimum tangential stress at the outer surface of the shell,



 maximum radial stress at the inner surface of the shell,

σr(max) = – p (compressive)

 minimum radial stress at the outer surface of the shell,

σr(min) = 0



 In designing a thick cylindrical shell of brittle material (e.g.
cast iron, hard steel and cast aluminium) with closed or open
ends and in accordance with the maximum normal stress
theory failure, the tangential stress induced in the cylinder
wall,

Since ro = ri + t,

The value of σt for brittle materials may be taken as 0.125 times the ultimate
tensile strength (σu).



 In case of cylinders made of ductile material, Lame’s 
equation is modified according to maximum shear stress 
theory.

 According to this theory, the maximum shear stress at any 
point in a strained body is equal to one-half the algebraic 
difference of the maximum and minimum principal stresses 
at that point. 

 Maximum principal stress at the inner surface

• Minimum principal stress at the outer surface,
σt(min) = – p



 Maximum Shear Stress



 The value of shear stress (τ) is usually taken as
one-half the tensile stress (σt).

• From the above expression, we see that if the
internal pressure ( p) is equal to or greater than the
allowable working stress (σt or τ), then no thickness
of the cylinder wall will prevent failure.
• So, it is impossible to design a cylinder to withstand
fluid pressure greater than the allowable working
stress for a given material.
•This difficulty is overcome by using compound
cylinders



 According to Lame’s equation, the thickness of a 
cylindrical shell is given by

It is impossible to design a cylinder to withstand
internal pressure equal to or greater than the
allowable working stress.
This difficulty is overcome by inducing an initial
compressive stress on the wall of the cylindrical shell.
This may be done by the following two methods:
1. By using compound cylindrical shells, and
2. By using the theory of plasticity.



In a compound cylindrical shell, as
shown in Fig. the outer cylinder is
shrunk fit over the inner cylinder by
heating and cooling. On cooling, the
contact pressure is developed at the
junction of the two cylinders, which
induces compressive tangential stress
in the material of the inner cylinder
and tensile tangential stress in the
material of the outer cylinder. When
the cylinder is loaded, the compressive
stresses are first relieved and then
tensile stresses are induced. Thus, a
compound cylinder is effective in
resisting higher internal pressure than
a single cylinder with the same overall
dimensions. The principle of
compound cylinder is used in the
design of gun tubes.



 In the theory of plasticity, a temporary high internal
pressure is applied till the plastic stage is reached near
the inside of the cylinder wall.

 This results in a residual compressive stress upon the
removal of the internal pressure, thereby making the
cylinder more effective to withstand a higher internal
pressure.















The equations (vii) to (x) cannot be solved until the contact

pressure ( p) is known. In obtaining a shrink fit, the outside

diameter of the inner cylinder is made larger than the inside

diameter of the outer cylinder. This difference in diameters is

called the interference and is the deformation which the two

cylinders must experience. Since the diameters of the cylinders

are usually known, therefore the deformation should be

calculated to find the contact pressure.

































The heads of cylindrical pressure vessels and the
sides of rectangular or square tanks may have flat
plates or slightly dished plates. The plates may either
be cast integrally with the cylinder walls or fixed by
means of bolts, rivets or welds. The design of flat
plates forming the heads depend upon the following
two factors.

(a) Type of connection between the head and the
cylindrical wall, (i.e. freely supported or rigidly
fixed);(b) Nature of loading (i.e. uniformly
distributed or concentrated).



Since the stress distribution in the cylinder heads and

cover plates are of complex nature, therefore empirical

relations based on the work of Grashof and Bach are

used in the design of flat plates. Let us consider the

following cases:




















