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EFFECTS OF INTERNAL PRESSURE
ON AXIAL COMPRESSION STRENGTH OF CYLINDERS

INTRODUCT 10N

Experimental investigations have shown that the critical hackling stress of
ot axially loaded cylinder f¢ significantly increased by interval pressure. The
destabilizing effect of initial imperfections is reduced. The circumferentis)
tensile stress induced by pressurization inhibits the diamond buckling pattern
associated with elastic buckling of cylinders, and at sufficiently high
pressurization, the cylinder buckles in the classical axisymmetric mode a.
aporoximately the classical buckling stress.

Tests have been performed by several researchers on cylinders of varying
geometries and materfals. There was & large varfatfon in the buckling stresses
of the cylinders without interna) pressure with minimum stresses of about 8% of
the classical value and maximum stresses of over 50% of the classical value, The
increases in buckling stresses due to internal pressure were found to have a much
smaller variation. An analysis has been made of available test data and a design
equation has been proposed for determining the increase in buckling stress of an
axially compressed cy)inder due to internal pressure.

ANALYS1S OF TEST DATA

The following is a summary of tests that have been performed on cylinders to
determine the effect of internal pressure.

L

Reference - Ring No. of Sets
Number R/t Jet Material Stiffened of Tests

11 662-783 7-26 Aluminum Yes §

15 5831750 152-263 Aluminum NoO 3

20 1750 103 Aluminum No H

20 1006,2734 56-146 Stainless Stee) No 3

22 514 90-136 Aluminum No ]

23 602 52 Aluminum NoO |

24 1250 14] Aluminum No |

43 400-2000 40-89 Mylar No 38




The data teken from these references 1s plotted in Figures Ia
nondimentional form of & versus [

buckling stress determined from tests, pst
interna) pressure, psi

Young's modulius, psi

regius, Ir

thickness, in

The tests by Dow and Peterson (11) and those by Weingarten, et. al. (43
show that the maximum buckling stresses obtained approach the classical buckling
stress of

4(;7 l"( 3

This corresponds to & = 0.605

The buckling stresses of the sam¢ cylinders without internal pressure (P -
0) varied widely from  « 0.14 to 0.28. There 15 also a great variation in the
minimum and maximum values of ¢ for the other sets of test data

A study was also made to determine the increase in the buckling stress ove
to interna) pressure for each set of tests. The results are presented in Figures

2a-2¢ in nondimensional form of Cp vs P




. # (
| (
where C, 15 the value of ¢ for an unnressurized cylinder (p « 0)
The tests performed by Weingarten, et, al. (43) on mylar cylinders show

ncresses in the values of Cp with increases i the R/t ratin. No similar
correlation was found for the aluminum and stainless steel cylinders. The shaves

f the curves are seen to be quite similar for al) materials and R/t ratics

A lower bound curve of all test data has deen developed and 15 recommendec
for a design eguation for elastic buckling ¢ylinders with R/t ratios of 400 t¢

2 00( The formula for this curve 1s given by £q. 3

DESIGN PROCEDURE

The allowable buckling stress for a cylinder subjected to combined axia

compression and interna)l pressure can be determined by the following equatior

xe 0 p

Fxe = design buckling stress, psi

Fxe = elastic design buckling stress, ps!
FS » factor of safety

r « plasticity reduction factor

« @aiven by Eq. 3

-




v

he following equations taken from AP! Bulletin 2U (45) are recommended for
determining the buckling stresses of unpressurized fabricated cylinders with or
without ring stiffeners

102 . ¢
ki 158« Wt < 09 Wi < 6i \§
0.12% R/t » 61¢C (7)

For ring stiffened cylinders subjected to internal pressure, use the greater

f or (p + Cp in g $ The term ¢ 15 defined below
J .64 Mgt
0.42
t e { 3.03m 5 1.6 ¢« M <18
l 1.0 M>)§
. l ‘.I(‘r(*
Me L/JRE
L « length of cy)inders between rings or total length of an unstiffened
' cylinder, in
To determine tae buckling stress in the inelastic range, the effective
it stress, Fg, rather than the eilastic buckling stress, Fye, will be used to
determine the plarticity reduction factor g
Foo (FC & FC & | F oy (7)
€ X¢ ¢ o v




COMPARISON WITH OTHER DESIGN RECOMMENDATIONS,

Design rules are given in Space Vehicle Design (riteria NASA §P-BOOT (48)
and Shell Analysis Manual, NASA CR-912 (47). Both referetces prosent a graph for
determination of Cp which was bused upon $ig. 13 of Ref. 20. The following

egquation is a very close approximation to the curve given Iir these references

(10)

The following s annther approximation developed by i1  Cek  Hrook

Engineering of the design curve given 1in the above references

i

Lp « 0.01983 « 0.7886p 1.5"?r: + | 5?03ﬁ3

. 4
0.733235% + 0.123085°°

These two equations are compared with Eq. ¥ in Fig. 3. The equations fall
s1ightly above Ey 3 for values of p < 0.2 and below (g. 3 for p > 0.2. Th
increased values of T~ 7 ven b} Eo. 3 are supported by all of the available test
data which is significantly greater than the data base concidered in Ref, 20
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Design rules are also given in Buckling of Steel Shel
Recommendations (4&¢ wit! (“ given a« a fur ion of the R/t r¢tio as well as §

These rules follow closely the curve: derived (rom Ref, &3, and shown on Fig, 2e

& s 3 o . g 5 1 : . .

for values of p < 0.2 but are much flatter for larger valut of hese rules

are compared with k¢ 3 in Fig. 4 e C« values derived fron these rules may D¢
@ compares Q. -

unconservative for values of p < 0.4

APULICATION TO CONES

he design procedure for <yl nders can be appiied to pressu ed cones U

substituting R. for R and Le for L in the design equitior

e e —— ———— " i+ e wasm - ..-.ﬁ

™
f ~/
9 ~7/
\\ ‘\,
\ !‘-.!‘
4 ’

APPL (CATION TO SPHERI

he theoretica) buckling stress of a cylinder under uniform extarnal

pressure s the samc as 4 cyl!inder under axial compression AP specivications

N

(49,50) are based .pon the arsumption that unstiffened spheres under atial

compression only wiil fail at the same utress as an unstiffeoned cylinder undar

¢
J

axial compressior 11 therefore appears reasonable to assume that the rule

determined for cylincers subjected to iniernal pressure can bLe applied t¢

spheres
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FIGURE 1k

Buckling Stress Coefficienis for
Cylinders Under Axial Compression
and Internal Pressure
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FIGURE Im

Buckling Stress Coefficients for
Cylinders Under Axial Compression
and Internal Pressure
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