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1. INTRODUCTION

An analysis of flange-ended pipe elbows subjected to pure in-plane
bending, supported by experiment, has been published [Whatham 1979] and the
detailed analysis given [Whatham 1982].

The objective of this report is to present the surface stress
distributions for a range of flanged elbows to assist pipework design
engineers and to provide analytic solutions for checking numerical solution
methods. Wall thicknesses vary from 1 to 10 per cent of the pipe radius with
bend radii two, three and five times the pipe radius.

Stresses were calculated by the thin shel] theory of Novozhilov [1970]
with the assumptions that:

(i) the pipe wall is thin (t/r <0.3),
(1) normal stresses through the wall are negligible,

(iii) normals through the wall remain normal to it and unchanged in
length, and

(iv)  the flanges are infinitely stiff.

2. STRESS DERIVATION

The flanged pipe elhow configuration is shown in Figure 1. An element of
the elbow middle surface, an imaginary surface mid-way between the inner and
outer surfaces, is shown in Figure 2 and is supposed to have forces Ty, Tn’
Tom Trnos Ngs N, and moments Mg, Mns Mpgs Mg, per unit length acting on its
edges. The solution was obtained by thin shell theory in temms of these
forces and moments; the stresses presented in this report were then derived
as follows:

Hoop stress: og, Tg/t + 122Me/t3

1]

Axial stressio,. = T/t + 12zM, /t3 (1)



Shear stress: o, = S/t + z(12H/t3 - S/rt) (1) cont'd

where

w
|

= Tgn= Mo/ = The- Moy /v,

and

=
It

Moy = Moo

These stresses were close to those derived from beam theory when
considering a straight pipe subjected to bending or torsion; if a moment M is
applied to a straight pipe, Novozhilov's theory gives [see Whatham 1981]

T = 12M cos ©
n 2
(124 y)mr
= M 6
Hn = {TzR I (2)
Ty = Mg = 8§ = H =0

where vy = (t/r)z.

Substituting in Equations (1), the axial stress distribution approximates
that from beam theory, which is

g = M_Z_)C-O.S_g .
nm - 3 (3)
arot(1+y/4)

If torque T is applied to a straight pipe, Novozhilov's theory gives

¢ . _ 3T
2(3+y )wr
R 1k o

Substituting in Equations (1), the shear stress distribution approximates that
from beam theory, given by

onp = T(r+z) .
2urot (14 /4) ()




Equations (1) assume that the strains are linearly distributed through
the pipe wall; this dis not true for curved shells and the stresses
980 » Uﬁn . Gﬁe derived by the following equations are theoretically more
accurate, even though the results do not agree with beam theory in the case of
straight pipes:

= g = z(AB)/(1-v2)

on = op- 2(BHA)/(1-vE) (6)

Q
ii

- ,;F[(w(r~+z)+r~/(rn+z))onB ~ (rr)on /(rn+z)]

where
A = bée -vonn)/(r+2) ’
B = bﬂn -ucee)/(rn+z) , and
- 1 1

96 = 7% (inside) + 5%0 (outside).

3. ELBOW CONFIGURATION AND RESULTS

Because of symmetry, stresses had only to be calculated for one side of
the bend in Figure 1 (6 = 0-180°) and from flange to mid-bend (¢ = 0-45°).
Stresses acting in the hoop and axial directions on the outside surface are
plotted in Appendix A, together with the stresses on theoretically
unterminated pipe bends, in which case they are findependent of ¢. The maxima
and minima of the latter curves are given by the floating numbers.

The two graphs for each pipe bend are accompanied by tabulated stresses
from which the graphs were constructed. In addition, since shear stresses and
inside surface stresses are also given and a linear variation through the wall
is assumed, the complete stress state in each pipe bend is provided.

A computer program package BENDPAC, written in FORTRAN IV and ASSEMBLER
for an IBM3031 computer and designed to calculate the stresses in and the
flexibility of flanged pipe elbows under in-plane or out-of-plane loading, is
available from either the Australian Atomic Energy Commission or the National
Energy Software Center, Argonne National Laboratory, USA.
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FIGURE 1. PIPE BEND CONFIGURATION



FIGURE 2. ELEMENT OF PIPE MIDDLE SURFACE



APPENDIX A
STRESSES IN FLANGED PIPE ELBOWS IN PURE BENDING

Parameters of pipe elbows considered:

R/r = 2, 3,5

t/r 0.01, 0.02,, 0.05, 0.1
v = 0.3

Stress factor = stress. nr2t/M
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