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continuous curved beam to which theseThe ring is a
situations will apply. _ «

The forces acting upon the pipe may be appreciate 
If we cut the pipe at B and D an

The following nomenclature will be used throughout 
the paper :

H=head of water above top of pipe. 
r = radius of circular pipe.
M = bending moment in pipe.
Mb = bending moment in pipe at top.
Md = bending moment in pipe at bottom.

= bending moment in pipe at maximum point

T = tension in pipe.
T-b = tension in pipe at top.
Td=tension in pipe at bottom.
$ = angle to different points (expressed in radians). 

= angle to maximum bending moment point

by looking at Fig. 1. 
consider the forces acting on the section to the right, 
obtain the system of forces shown in Fig. 2.

we

tral axisTaking the centre of moments at the neu 
at D, we obtain:Mmax

on side.
2TBr + j l r(i — cos <j>) dp sin<t>Md = Mb —

Now,
dp = yr2 (1-cos <t>) d <t> ; and,
sin <£ dp = 7r2 (i-cos <t>) sin <t> d<p.
Therefore,0

on side.
(j)v = angle to upper node point (point of no bending 

moment).
(f)L = angle to lower node point (point of no bending 

moment).
7 = weight of cubic foot of water.
J — shear at any point.
JB — shear at top.
JD = shear at bottom.
dp = arm of bending moment.
dQ = arm of the bending moment at top of pipe.

= MB—2TBr+J jf3 (1-cos <t>) sin A d<p.

Integrating, we obtain:
MD=MB-2TBr + 27r3. _

Now, consider as a free body that portion of pipe s 0 
in Fig. 3.

MD

E/Ay =J Mxds\ ds = rd<f> = rd6\ 
TBy +fQ pdsx;— M = Mb — 

pds = 7r2 (1-cos 6) dd\ 
x = r sin (<f>—6) ; 
y = r (1-cos <j>).

Therefore,
—M = MB — TBr (1-cos <t>)

MTh -' T 6
Ô —d) dO’+ j ^ 7r3 (1-cos 6) sin (<£

vl = Mb—TBr + rBr cos <£JCr + 773J 0 (l-cos 5) sin (</>"' 
= Mb— 7> + rBr cos <f> + yr3 (1-cos <t>— lA * s

Therefore,
£/Ay = J Mxds = Mr2 sin 4> d<t>,

=J>7r [ (MBr2 — TBr3 + 7r5) sin A d<t>

-f- (TBE — 77s) sin <t> cos <j> d<t> — pi yr5 s^n 
Solving the above equation we obtain:

V v
i A di\

l

El Ay = — 2 (Mb72 — rBr3 + 77s) +

also, E/a %= P M(ds)y = o, since B has not 

horizontally, and since its tangent is horizontal- 
Now, y = 7 (1-cos <£) ; ds = rd<f>.
Therefore, El Ax = rj' Q Mds — r2M cos 4> ^ 

i.e., 0 = 7 Mds — rzJl M cos M- 

Substitute value of M found above and solve.
— TJ

dp

do ■; n
D

72,^C=
r3)

Therefore, — M cos <f> d 4> — j ^ [(MB 

cos 4>d<t> + (TBr — yr3) cos2<j!>d <t> — pi yr3 4> sin 4>c
}Ma

OS<t>Fig. 2.

We will assume that the reader is familiar with the 
three general formulae for arch ribs, viz.,rt =/> /:¥ v:

.3 +—J * M cos <t> d <f> = - 8Therefore,
Z"B Tty-, (

j.M^- ft T,dx; or,
8 J

3
and, therefore, TB = --/> j*’-Mxds/ «

-B
-


