
Side Holes in Cylinders. The pres
en t cI iscussion is concerned onl}' wi th 
the stress concentr:ltion induced in a 
cylinder under internal prcssure by the 
presence of circular side holes and ellip
tic side holes, in which the major axis 
of the ell ipse is perpendicular to the 
longitudinal axis of the cylinder (Figure 
1) . 

In trying to arrive at theoretical values 
of stress concentration f:.lctors at the 
bore-side hole interface, the fu"st thought 
is to treat the cylinder bore like a plate 
with a hole (Equation 1). When the 
hole also has pressure in it, one would 
intuitively expect K factors (stress con
centration factors) in excess of 3 and 
possibly reaching values as high as 5 or 
6" Experimental data and thcoretical 
~lna lysis do not support this type of 
reasoning. In the following analysis the 
plate theory above is used; first, how
ever, it is necessary to determine how 
to apply plate theory in the case of a 
circular cylinder. The distribution of 
stress in a cylinder containing side 
holes, where both cylinder bore and 
side holes arc subjcctccl to in ternal 
Pl"CSSUre, is complex and thus it is neces
sary to reduce the situation to a simpler 
one that is amenable to exact analysis. 
This is accomplished by noting that the 
addition of a hydrostatic stress on a 
s)'stem docs not alter its fundamental 
behavior. 

Figure 3 shows a closed-end cylinder 
containing an elliptic side hole subjected 
to internal pressure; to this picture hy-

drostatic tension (Figure 4) equal in 
magnitucle to the internal pressure is 
added. Superposition then gives the 
situation shown in figure 5, which is 
amenable to exact analysis by Lame's 
equations for a cylinder subjected to ex
ternal pressure. Thus, for the cylinder 
m Figure 5 
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The location· of maximum stress con
centration is at A on the bore surface, 
figure 5; therefore, in Equations 6 and 
7, T = T, and ' 

2jJuR2 
O"h(max) = R2-=t (9) 

0".=0 (10) 

p.R' 
O"'=R2-=-i (11) 

where R = TolT, 
Elastic plate analysis can now be 

applIed to the cylinder problem. The 
hoop stress generated at the bore of the 

figure 3. Closed-end cylinder with side hole subjected to internal pressure 
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cylinder (Equation 9) IS interpreted 
as the unit stress, Sz, in Equa tion 2; 
thus 

(f = _2jJ.R2 . (1 + 2 ~) (12) 
s R2 - 1 a 

Because the cylinder has closed ends, 
a longitudinal stress is generated (Equa
tion 11) which is interpreted as unit 
stress Sv in Equation 4, so that 

(13) 

Stresses (T. given by Equations 12 and 
13 are both generated at locat:on A, 
Figure 5, and are additive; thus, the 
total effective hoop stress in the cylinder 
at A is as follows: 

(O"h)A = 

2p.R' (1 + 2 ~) p.R2 
R2-1 a -fl2-=! (14 ) 

The normal hoop stress at A is given in 
Equation 9; therefore, at this location 
the stress concentration factor, K, is 

K= 

R~~ (1 + 4 'b/a) 

2jJ.R' 
li'-=t 

Use of Equation 15 now permits the cal
culation of specific stress-concentration 
factors depending on the geometry of 
the side holes. If the side hole is small 
and cireular, a = b in Equation 15 and 
K = 2.5. For an elliptic hole of ge
ometry alb = 2, K = 1.50. These K 
values indicate the influence of the longi
tudinal stress in a cylinder on stress 
concentration at side holes-for example, 
with no longitudinal stress and a circular 
side hole K would be 3.0, the same as in 
a plate under tension-the presence of 
the longitudinal stress decreases this 
value to 2.5, or a decrease of 16.7%. 

The K factor is determined after the 
application of hydrostatic tension to the 
cylinder (Figure 5). Therefore, in using 
the above theory to solve practical prob
lem~, one must keep this fact in mind and 
make calculations accordingly. For ex-

\ ample, suppose the cylinder has open 
. rather than closed ends; m this case, 
the efrect of superposition of hydrostatic 
tension would give the result in figure 5 
minus the tensile force distributed over 
the bore area and the resultant longi
tudinal stress would be Po rather than 
the stress expressed by Equation 11. 
Thus, in the paragraph above zero 
longitudinal stress could result only by 
the application of a compression force 
to the end of the cylinder, which would 
be canceled by the hydrostatic tension . 
for an open-end cylinder the ;,." factor 
for a small circular hole would be not 

3.0 but 3.0 - (!i'Z-;'.2); in otl~er words. 

for an open-cud (')"lil1d("\" the h· f.l l" tor 
d("J>rll"~ ph Ill(: W;tlll"'lliil, N , 

'J'hG f(JI ·(·gn inf{ P' llti'"1 "I'll\(' '\lI,dr·oI, 
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