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JOINT EFFICIENCY

Steel plates of only particular lengths and width are available. Hence
whenever larger size cylinders (like boilers) are required, a number
of plates are to be connected. This Is achieved by using riveting In
circumferential and longitudinal directions as shown in figure. Due to
the holes for rivets, the net area of cross section decreases and hence
the stresses increase.
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JOINT EFFICIENCY

The cylindrical shells like boilers are having two types of joints
namely Longitudinal Joints and Circumferential Joints. Due to the
holes for rivets, the net area of cross section decreases and hence the
stresses increase. If the efficiencies of these joints are known, the
stresses can be calculated as follows.
Let n = Efficiency of Longitudinal joint
and nc = Efficiency of Circumferential joint.

Circumferential Stress is given by,
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Longitudinal stress is given by,

Note: In longitudinal joint, the circumferential stress is developed
and in circumferential joint, longitudinal stress is developed.
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If A Is the gross area and A IS the effective resisting area then,
Efficiency = A.«/A
Bursting force=p L d
Resisting force = 6, XAy = 6. X1 XA =oc X1 x2 tL
Where n | =Efficiency of Longitudinal joint
Bursting force = Resisting force

pLd =ocxn x2tL




If n ;=Efficiency of circumferential joint

Efficiency = A.«/A

Bursting force = (m d2/4)p

Resisting force = 6; XA’ = 6 X1, XA' = o X1 *m dt

Where n  =Efficiency of circumferential joint

Bursting force = Resisting force
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Sample Problem # 1

A cylindrical tank of 750mm internal diameter, 12mm thickness and
1.5m length Is completely filled with an oil of specific weight
7.85 kKN/m3 at atmospheric pressure. If the efficiency of longitudinal
joints i1s 75% and that of circumferential joints Is 45%, find the
pressure head of oil in the tank. Also calculate the change in volume.
Take permissible tensile stress of tank plate as 120 MPa and E = 200
GPa, and pn =0.3.

LUTION:
et p = max permissible pressure in the tank.
Then we have, o, = (pxd)/(4%xt) n ¢
120 = (px750)/(4%x12) 0.45
p = 3.456 MPa.

Also, 6 = (pxd)/(2xt)n
120 = (px750)/(2x12) 0.75
p = 2.88 MPa.



Max permissible pressure in the tank, p = 2.88 MPa.

\ol. Strain, dV: (pxd)
V (4xtxE)

x(5—4xp)

(2.88x 750)

= x(5-4x0.3)=8.55x10"
(4x12x200x10°%)

dv=8.55x10"* xV =8.55x10" x " x 7502 x1500 = 0.567 x10® mm?.
4

= 0.567 x10°3m?3= 0.567 litres.
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Sample Problem # 2

A Dboiler shell is to be made of 15mm thick plate having a limiting
tensile stress of 120 N/mmz. If the efficiencies of the longitudinal and
circumferential joints are 70% and 30% respectively determine;

1) The maximum permissible diameter of the shell for an internal
pressure of 2 N/mmz2,

(i)Permissible intensity of internal pressure when the shell diameter
Is 1.5m.

SOLUTION:

(1) To find the maximum permissible diameter of the shell for
an internal pressure of 2 N/mmz:

‘ a) Let limiting Tensile Stress = Circumferential stress = ¢ . =120N/mm2,

_ pxd
2xtxm,
20— 2xd
2x15%x0.7

Le., o©

c

d =1260 mm




‘ b) Let limiting tensile stress = Longitudinal stress = ¢ | =120N/mm2.

I e c, = pxe
’ - 4><t><nC
2xd
120= d = 1080 mm
4x15%x0.3

The maximum diameter of the cylinder in order to satisfy both the
conditions = 1080 mm.
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(i1) To find the permissible pressure for an internal diameter of 1.5m:
(d=1.5m=1500mm)

a) Let limiting tensile stress = Circumferential stress = o . =
120N/mm?.

_ pxd
© o 2xtxm,
120 pPx1500

 2x15x%0.7
p=1.68 N/mm?.

L., ©

b) Let limiting tensile stress = Longitudinal stress = ¢ | =120N/mm2.

_ pxd
L__4><t><nC
120 — px1500

4x15x%0.3
p =1.44 N/mm?.

The maximum permissible pressure = 1.44 N/mmzZ,

Le., o©




Exercise Problem # 1

A cylindrical tank of 750mm internal diameter and 1.5m long is to be
filled with an oil of specific weight 7.85 kN/m3 under a pressure head
of 365 m. If the longitudinal joint efficiency Is 75% and
circumferential joint efficiency is 40%, find the thickness of the tank
required. Also calculate the error of calculation in the quantity of oil
In the tank iIf the volumetric strain of the tank is neglected. Take
permissible tensile stress as 120 MPa, E=200GPa and u= 0.3 for the
tank material. (Ans: t=12 mm, error=0.085%.)
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Thin Walled - Spherical Pressure Vessels
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r; = Inside
radius
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Thin Walled -

An analogous method of analysis can derive an expression
for thin-walled spherical pressure vessels. By passing a section through
the center of the sphere of Fig. 3-14(a), a hemisphere shown in Fig. 3-
14(b) is isolated. By using the same notation as before, an equation iden-

tical to Eq. 3-25 can be derived. However, for a sphere, any section that
passes through the center of the sphere yields the same result whatever
the inclination of the element’s side; see Fig. 3-14(c). Hence, the maxi-
mum membrane stresses for thin-walled spherical pressure vessels are
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Thin Walled -

EXAMPLE 3-4

Consider a steel spherical pressure vessel of radius 1000 mm having a wall thick-
ness of 10 mm. (a) Determine the maximum membrane stresses caused by an
internal pressure of 0.80 MPa. (b) Calculate the change in diameter in the sphere
caused by pressurization. Let E = 200 GPa, and v = 0.25. Assume that r; = r,

mr'

Solution

The maximum membrane normal stresses follow directly from Eq. 3-26.

_pr 0.80 < 1 .
°2 = 5 T3 x 10 x 10-3 _ 40 MPa

The same procedure as in the previous example can be used for finding the
expansion of the sphere due to pressurization. Hence, if A is the increase in the
radius r due to this cause, A = £,r, where g, is the membrane strain on the great
circle. However, from the first expression in Eq. 3-14, one has

0oy L ] 4[] 4‘:]
Ey =" ¥

E £ 200 x 10° 4 x 200 x 10°

= 0.15 x 107 mm/mm

Hence., A =g, = 0.15 x 1072 x 10° = 0.15 mm
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Thin Walled -

It is instructive to note that for comparable size and wall thickness, the
maximum normal stress in a spherical pressure vessel is only about one-
half as large as that in a cylindrical one. The reason for this can be clarified
by making reference to Figs. 3-17 and 3-18. In a cylindrical pressure ves-
sel, the longitudinal stresses, o2, parallel to the vessel’s axis, do not con-
tribute to maintaining the equilibrium of the internal pressure p acting on
the curved surface; whereas in a spherical vessel, a system of equal
stresses resists the applied internal pressure. These stresses, given by
Egs. 3-24-3-26, are treated as biaxial, although the internal pressure p
acting on the wall causes local compressive stresses on the inside equal

Fig. 317 An element of a Fig. 3418 An element of a
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pressure ves press VESS
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Thin Walled - 20

to this pressure. As already pointed out in Example 3-3, such stresses are
small in comparison with the membrane stresses oy and o, and are gen-
erally ignored for thin-walled pressure vessels. A more complete discus-
sion of this problem is given in Section 3-13 and Example 3-6. A much
more important problem arises at geometrical changes in the shape of a-
vessel. These can cause a disturbance in the membrane action. An illus-
tration of this condition is given in Fig. 3-19 using the numerical results
found in Examples 3-3 and 3-4.

Fig. 317 An element of a Fig. 318 An element of a
thin-walled cylindrical thin-walled spherical
pressure vessel. . pressure vessel.
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If a cylindrical pressure vessel has hemispherical ends, as shown in -
Fig. 3-19(a), and if initially the cylinder and the heads were independent
of each other, under pressurization they would tend to expand, as shown
by the dashed lines. In general, the cylinder and the ends would expand
by different amounts and would tend to create a discontinuity in the wall,
as shown at A. However, physical continuity of the wall must be main-
tained by local bending and shear stresses in the neighborhood of the
juncture, as shown in Fig. 3-19(b). If instead of relatively flexible hemi-

0.35 mm

N
71

—— AR = 1000 mm

Deformed
shape l\'
(a) (c) Deformation of the same

cylindrical pressure vessel
at a flat head

Fig. 319 Exaggerated deformations of pressure vessels at discontinuities.



Thin Walled -

spherical ends, thick end plates are used, the local bending and shear
stresses increase considerably; see Fig. 3-19(c). For this reason, the ends
(heads) of pressure vessels must be very carefully designed.® Flat ends
are very undesirable.

A majority of pressure vessels are manufactured from curved sheets
that are joined together by means of welding. Examples of welds used in
pressure vessels are shown in Fig. 3-20, with preference given to the
different types of butt joints. Some additional comments on welded joints
may be found in Section 1-14.

In conclusion, it must be emphasized that the formulas derived for thin-
walled pressure vessels in the preceding section should be used only for
cases of internal pressure. If a vessel is to be designed for external pres-
sure, as in the case of a vacuum tank or a submarine, instability (buckling)
of the walls may occur, and stress calculations based on the previous
formulas can be meaningless.

Fig. 3-20 Examples of welds
used in pressure vessels. (a)
Double-fillet lap joint, and
(b) double-welded butt joint
with V-grooves.
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Critical element at
fillet (acute angle)
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Thank-you for Listening!

Engr. Shad Muhammad, Lecturer, Department of Civil Engineering, COMSATS University, Sahiwal. Website: www.mytrustworth.com



http://www.mytrustworth.com/

