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Thin-Walled Cylindrical Pressure Vessels

A tank or pipe carrying a fluid or gas under a pressure is subjected to tensile
forces, which resist bursting, developed across longitudinal and transverse
sections.

Tangential Stress (Circumferential Stress):

Consider the tank shown being subjected to an internal pressure p. The
length of the tank is L and the wall thickness is t. Isolating the right half of
the tank:

F=P,*A=P,*D=*L

T=o0r*Apau =0 *t*L

Po*DxL=2x%ag,%t*L

P, *D
2%t

Oy =

If there exist an external pressure p and an internal pressure p, the formula
may be expressed as:
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Longitudinal Stress:
Consider the free body diagram in the transverse section of the tank:

The total force acting at the rear of the tank (F) must equal to the total
longitudinal stress on the wall (P, = o *A__,) . Since (t) is so small
compared to (D), the area of the wall is close to (n*D*t)

It can be observed that the tangential stress is twice that of the longitudinal
stress.

Spherical Shell:

If a spherical tank of diameter (D) and thickness (t) contains gas under a
pressure of (p), the stress at the wall can be expressed as:

Problem (1): 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/m’,

(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/m??
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(c) If the internal pressure were increased until the vessel burst, sketch the
type of fracture that would occur.

Solution

a) 1) Tangential stress

F =2T
F=P,xD*xL=2x0g,*%tx*L
Po*D
Ot = 2xt
_ 4.5%400
9t = 520
o+ = 45 MPa

2) Longitudinal stress

F=P

T o ne
Z*D * P, =0, *m*D*t

_B*D
o= 4%t
o, = 22.5 MPa
b) From (a)
Py*D Po*D
Op = —— and o, = o
This shows that the tangential stress is the critical
_PB*D
o Tt
120 = P, * 400
~2%20
P, = 12 MPa

¢) The bursting force will cause a stress on the longitudinal section that
IS twice to that of the transverse section thus fracture is expected as
shown
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Expected fracture
when internal
pressure is
increased unt
the vessel burst

200 mm
T~ internal

diameter
Problem (2): The wall thickness of a 4-ft-diameter spherical tank is 5/16
in. Calculate the allowable internal pressure if the stress is limited to 8000

psi.

Total internal pressure:
P=p(3nD?)
ST Resisting wall:
pressure, P pressure F=P
distribution GA = p % rD?)
area sz 1 D"
T Total wall G(nDt) P( o )
pressure, F G= £
4t
p(4x12
4(3)
p = 208.33 psi

Problem (3): Calculate the minimum wall thickness for a cylindrical vessel
that is to carry a gas at a pressure of 1400 psi. The diameter of the vessel
is 2 ft, and the stress is limited to 12 ksi.

The critical stress is the tangential stress

2t
f Iy al
12 000 = 1400(2x12)
2t
t=14in

Problem (4): A cylindrical pressure vessel is fabricated from steel plating
that has a thickness of 20 mm. The diameter of the pressure vessel is 450
mm and its length is 2.0 m. Determine the maximum internal pressure that
can be applied if the longitudinal stress is limited to 140 MPa, and the
circumferential stress is limited to 60 MPa.
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Based on circumferential stress (tangental):

YFy=0
F=2T
p{DL} = 2{o: Lt)
_pD
DT
60 = Eﬂ'[450}
2(20)
p =5.33 MPa
Based on longitudinal stress:
Ef” =0
F=P

p(irD%) = onDt)

_PD
ST
. P(450)
140= "
1(20)
p = 2489 MPa

Use p =5.33 MPa

Problem (5): A water tank, 22 ft in diameter, is made from steel plates that
are %2 in. thick. Find the maximum height to which the tank may be filled
If the circumferential stress is limited to 6000 psi. The specific weight of
water is 62.4 1b/ft3.
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o= 6000 psi
o, = 50001D ,f'um"'r
g mz '\ ft J

o= 864 000 Ib/ ft2

Assuming pressure
distribution to be uniform:
p=1h=0624h
F=pA = 62.4h(Dh)
F=624(22)n*
F=1372 8

T = oA, = 864 000(th)
T=2864000(3x%)h
T = 36 000h

ZF=0

F=2T

1372 8h2 = 2(36 000h)
h=5245 ft

Problem (7): The tank shown in the figure is fabricated from 1/8-in steel
plate. Calculate the maximum longitudinal and circumferential stress
caused by an internal pressure of 125 psi.

solution

Figure P-141
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Lcmgitudinal Stress:
F=pA=125[15(2) + L w(1.5)1](12)*
F F = 8580862 Ibs

F=F

o [2(2 x 12) {Jﬁ-j + (1.5 x 12) I:-é-:I ] =385 3808.62
a; = 0 bbb 02 psi

a; = 0.57 ksi

Circumferential Stress:

F=pA =125[(2 x 12)L + 2(0.75 x 12)L]
F = 5250L Ibs

2T=F
[ (%) L] = 5250
o = 21 000 psi
o= 21 ksi




