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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to

provide a better service.
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ELASTIC STRESSES IN A LONG CIRCULAR CYLINDRICAL SHELL WITH A FLAT

HEAD CLOSURE UNDER UNIFORM PRESSURE

1. NOTATION

D mean diameter of shell m
E Young’s modulus N/m?
/; o maximum total meridional stress in shell inner N/m?
surface at junction of head and shell
> S0 total hoop stress in shell inner surface at junction of N/m?
- head and shell
wl
E - radial and tangential stress in median plane of head N/m?
g due to radial restraint applied by shell
o
§ Swom nominal hoop stress in median surface of shell, N/m?
S pD/2t
= R
o+
s f total meridional stress in shell outer surface at N/m?
g 00 . .
= junction of head and shell
O
E Soe total hoop stress in shell outer surface at junction of N/m?
. head and shell
©
EJ S Jr Jrg  flat plate stresses defined in ESDU 65002 N/m?
©
1S
% L length of shell m
% min minimum length of long shell m
S
8 P uniform pressure on shell and head N/m?
)
- q shear stress in shell at junction of head and shell N/m?
t thickness of head m
t thickness of shell m
A effective rotational restraint applied to head by shell N m/m rad
Convention:  Tensile stresses are positive.

Compressive stresses are negative.

Both SI and British units are quoted, but any coherent system of units may be used.
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2. INTRODUCTION

Curves are given that enable the maximum stresses to be determined for a long circular cylindrical shell
with a flat head closure under uniform pressure only. The stresses and deflections of the head may be
determined using this Item in conjunction with ESDU 65002". The curves relate equally to shells under
internal or external pressure.In the latter case it should be noted that f, ~ is compressive and therefore
negative.

m

The curves apply only to stresses within the elastic range of the material.

It is assumed that there is no relative movement between the shell and the head at the junction which is
idealised as shown in the sketch below.

: I
a (L/EYDIP) /,
2 /0y Jop 0
4+ - -
g (1 A |[TTTT 1
5 B a1 7
(S)
2 b T p ) D
S - q /
5 ) 2 !
t \ Soo
z (L/EXD/?)
5 I
L
c Head Shell Shell at joint
©
o Sketch 2.1
£
= This sketch shows the stresses in the shell under internal pressure. Under external pressure their senses will
20 be reversed.
&
. The curves are based on thin shell theory and small deflection plate theory and do not therefore extend
- below D/t, = 10 or D/t = 4.
?
w

This Item applies only to cylinders of sufficient length that negligible interaction occurs between the
discontinuity effects of the two ends of the pressure vessel. The minimum cylinder lengths for which the
Item may be used are shown on Figure 1, where L, . /D is plotted against D/ .

In Figures 2 to 5 f/f

nom
(ME)(D/t") is plotted against D/t for various values of #/¢_. All the curves are presented in terms of

or g/f, . 1s plotted against D/t; for various values of #/¢.. In Figure 6

non-dimensional quantities.

The shell stresses obtained from the curves are nominal stresses at the discontinuity. They result from the
combination of the bending stresses due to the restraint exerted by the head on the shell with the stresses
in the median surface of the shell. There is, in addition, a stress concentration at the corner which is affected
by the local conditions of attachment.

ESDU 65002, “Elastic stresses and deflections for flat circular plates with D/¢ greater than or equal to 4 under uniform pressure”.
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