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Thin-Walled 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.

1- TANGENTIAL STRESS (Hoop stress or Circumferential Stress), 6t

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:
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If there exist an external pressure po and an internal pressure pi, the formula
may be expressed as:
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2- LONGITUDINAL STRESS, o,

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 Pr= 61 Awan. Since tis so small compared
to D, the area of the wall is close to #Dt
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If there exist an external pressure po and an internal pressure pi, the formula
may be expressed as:

_ (pi —po)D
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It can be observed that the tangential stress is twice that of the longitudinal

stress; o, = 20



3- 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:

EX: 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?2. (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??

(a) Tangential stress {longitudinal section):

F=2T
T pDL = 2(g tL)
_ _pD 4.5(400)
{: T _ 2t 2(20)
G 4 “ug o,=15MPa
i __ 0
Pl Longitudinal Stress (ransverse section):
Longitudinal Section F=F

1 D% = g, (nDt)
vD _ 45(400)
o= =
& 40

ar=225MPa
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(b) From (a), o = % and o = ";—r thus, o; = 2a,
f this shows that tangential stress is the critical.
ﬁ = JtE
Qx{ F o
_ pl400)
Transverse Section 2(20)
P=12MPa

EX: 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:
F=p(+nD?)
Tosal intama Fesisting wall:
prESSUreE, Pi pressure F=PF
£ distribution =pita
algd Eﬁ IJII . ]—.EIIE] )
Total wall o(nDi) = L n¥)
pressure, F o= pD
4t
3000 = :tl[i:-c_li}
4(5)
r = 208.33 psi



Ex: A water tank, 22 ft in diameter, is made from steel plates that are % 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 |b/ft3.

G = 0000 psi
60001b( 12in "
o= 2 1o

m- | ft
gy= 504 000 Ib/ ft*

Assuming pressure
distribution to be uniform:
p=yh=024h
F=pA = 624h({Dh)
F = 62.4(22)h*
F=137281

T = oA, = 864 000(th)
T =864 000(Lx1)n
T = 36 000

TF=0

F=2T

1372.8i2 = 2(36 000H)
it = 52.45 ft



EX: The strength of longitudinal joint in Fig. is 33 kips/ft, whereas for the girth is
16 kips/ft. Calculate the maximum diameter of the cylinder tank if the internal
pressure is 150 psi.

Longitudinal Joint

Internal pressure, p
_ 1501b( 12in )’

p =150 psi 1

in* | ft
p =21 600 1b/ft

For longitudinal joint (tangential stresz):

Consider 1 £t 1engt11
F=2T
pD = 2oyt
pD
G: = i
2f
33000  21600D
IS 2f

D =306 ft=36.67 in

For girth joint (longitedinal stress):

F=P
v (1 DY) = g (xDt)
oo 1D
4t
16000 _ 21600D
i 4t

D =29 ft =3556in.

Use the smaller diameter, I} = 35.56 in.



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

Lnng;mdmﬂl Stress:
F=pA=125[15(2) + -} a(1.3)](12)
F F =85 808.62 Ibs

F=F
@[2(2%12)(F) + (1.5 12)(3)]=85808.62
See dimensions in Fig, P-141,

thickness, t = 1/8 in, g;=05606.02 psi
a; = 06.57 ksi

P

Circumferential Stress:
F=pA=125[(2x 12)L + 2{0.75 x 12)L]
F=5250L lbs

IT=F
o1 (%) L] = 52501

g =21 000 psi
g: = 21 ksi




