Stress in Cylinder:

A pressure vessel is a container that holds a fluid (liquid or gas) under pressure, like,
propane tanks, and water supply pipes.

Here we will study the stresses in

the thin cylinder (such as pressure vessels). In

When a thin—walled cylinder is subjected to internal pressure, three mutually perpendicular

principal stresses will be set up in the cylinder.
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Longitudinal (Axial) stress: is a normal stress parallel to the axis of cylindrical symmetry:

If the pipe has a cap on the end, pressure would push the cap off the end. If the cap is firmly
attached to the pipe, then a stress develops along the length of the pipe to resist pressure
on the cap.

Imagine cutting the pipe and pressurized fluid transversely. The force exerted by the fluid
equals the force along the length of the pipe walls. Pressure acts on a circular area of fluid,
so the force exerted by the fluid is:

F g =P - A
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We can estimate the cross-sectional area of a thin-walled pipe pretty closely by
multiplying the wall thickness by the circumference, as shown in fig. a:

So: A=1mr-di-t or

A=T1-2R -t

A= 2R =t
F = 0,(2nxRrt)

P(mR?%) = OL(2mRt)

The stress along the length of the pipe is:

Where: O, . Longitudinal stress
P: is the internal pressure

R: is the internal radius = d/2 , (where d: is the inside diameter of the cylinder)

1 : it the wall thickness
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Circumferential stress or hoop stress (OH):
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Figure b

Imagine cutting a thin-walled pipe lengthwise through the pressurized fluid and the pipe wall:
the force exerted by the fluid must equal the force exerted by the pipe walls (sum of the

forces equals zero).

The stress in the walls of the pipe is equal to the fluid force divided by the cross-sectional
area of the pipe wall. This cross section of one wall is the thickness of the pipe, t, times its
length. Since there are two walls, the total cross-sectional area of the wall is 2t L. The stress

is around the circumference or the “hoop” direction,
The force exerted by the fluidis oy - A=P di L
oy-2t-L=P-2R - L

P.R

o O'H = oo
t

Notice that the length cancels

where: oy : circumferential stress or hoop stress

dj : is the inside diameter of the pipe, and
L : is the length of the pipe

R : Radius of the pipe
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Radial stress: a stress perpendicular to the symmetry axis,

(Siress that'it'can'be neglecied This is obviously an approximation since, in practice; it will

vary from zero at the outside surface to a value equal to the internal pressure at the inside
surface.

Example: A thin wall pressure vessel is shown in Diagram 3. It's cylindrical section has a
radius of 2 feet, and a wall thickness of the 1”. The internal pressure is 500 Ib/in?.
Determine the longitudinal and hoop stresses in the cylindrical region.

Diagram 3

P = 500 Ihfin=
i=1"

Solution:

We apply the relationships developed for stress in cylindrical:

Oo.=PR/2t=500Ib/in**24"/2*1" = 6000 Ib/in®.
Oy =P R/t =500 Ib/in®* 24"/ 1" = 12,000 Ib/in®.

Example:

Consider a cylindrical pressure vessel with a wall thickness of 25 mm, an internal pressure of
1.4 MPa, and an outer diameter of 1.2 m. Find the axial and tangential stresses.

Solution:
g=14 MPa; D=1200-50=1150 mm; =25 mm
o _ gD 14 MPa x 1150 mm

\ =32.2 MPa
2t 2 X 25 mm

o qu=1,4MPa X 115011]111:16.1 MPa
“ 4 4 x 25mm
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Example:

A cylindrical steel pressure vessel 400 mm in diameter with a wall thickness of 20 mm, is
subjected to an internal pressure of 4.5 MN/m2. (a) Calculate the tangential and longitudinal
stresses in the steel. (b) To what value may the internal pressure be increased if the stress
in the steel is limited to 120 MN/m2?

Solution:

(a) Tangential stress (Hoop Stress ):
F=2T
pDL = 2(c,tL)
pD  4.5(400)
Cu= =
2t 2(20)
oy= 45 MPa

Longitudinal Stress :

+ 7D = g, (aD¢)

|| pD 1 4.5(400)
4t 4(20)

g.=225MPa
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