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ABSTRACT 

The poss ible advant ages of us ing torsion creep 
data in preference to constant load tens ion creep 
data in the analys is of cylinde rs cweping under a 
constant internal pressure are cons idcrt>d. Presented 
is a res ume of the various th(>ories that have been 
proposed including a modified Ba iley solutIon lhfl t 
allows for wall thinn ing. 

Experimental creep aa ta for tors ion, constant load 
tension, and pressure tests on thick-walled cylinde rs 
are presented. The various theories proposed have 
been computed, and the theoretical curves are com
pared with the experime ntal data. 

It is concluded that torsiol1 creep data are of a 
more fundamental nature than cons tant load tension 
data where the stress is varying. F rom the observa
tion that axial creep in cylinders is negligibly small, 
it is concluded that shear creep data is of greater 
relevance in cylinder analysis than constant load 
tension creep data . It is also conc luded that for the 
magnitude of c reep strains involved in thiS experi 
mental work due account must be taken of the effect 
of wall thinning of a thick-wall ed cylinder subjected 
to creep. The most consistent a gre(>ment between 
theory and experiment was obt ained us ing isochron
ous shear stress-strain data. 

NOMENCLATURE 

u(}. 0" Oz circumferential, radial, and axial stres ses 

circumfcrenti al, r::Idial , and axial stress 
deviations 

(0' f t' lz corrc !;; ponding s trains 

l o' (" Cz corresponding strain rates 

T shear s tress 

y s hear s t t ilin 

p lnternal pressure 

time 

B rnat t:ria l ('onst ant 

n stress inde x 

m time index 

12 . ,",ond .. re • • ,nVOdan{, ~ {~' u , -u,i'} ) 
r radius 

a initial inside radius 

b initia l outside radius 

K diameter ratio ( = bl a) 

E Young's modulus 

/A Poisson's ratio 

INTRODUCTION 

There is a consid crable a mount of evidence to 
support the use of tors ion creep data in preference to 
the conventional constant load t ~n s ion creep data 



for the creep design of thick-walled clof'cd-ended 
cylinders containing high intemal l)rc~ssures. Most 
theoretical investigations to dot~ have used tension 
data, but the authors have shown [1) that there is a 
considerable error involved with this form of data 
even at quite moderate strains due to the increase of 
stress that accompanies the changing c ross-sectional 
area of the test specimens. In the same paper, they 
have also discussed the experimental advantages and 
disadvantages in torsion creep testing over tension 
creep testing. 

Under plastic or creep conditions the state of 
stress in the walls of a thick-walled cylinder, sub
jected to inlernal pressure, is one of a pure shear 
stress with a superimposed hydrostatic stress. 
Experimental evidence of this is that the axial strain 
in such a vessel, if not zero, is certainly of negligi
ble magnitude compared with lhe circumferential 
strain. Figure 1 shows a scouting creep test that has 
been carried out on an EN 25 steel cylinder with a 
test pressure of 26 ton-ft/ in. 2 at 3500 and it is seen 
that the axial strain is of a negligible proportion. 
Consequently, if the hydrostatic st res!; has no signi
ficant effect on creep , as seems probable, then pure 
sh e rH stress data can be app lied directly to the 
design of cylinders. I{ constant load tensiun creep 
data ;'"lrO Ulied, it is necessary to dC' rive constant stres!'> 
creep data. One is immediately faced with the prob
lem of deciding upon an effective stress criterion 
instrumental in causing creep, in order to correlate 
the uniaxial data with 1 he complex stress system in a 
thick-walled cylinder, e.g., von Mises or 'fresco 
criteria-. 

The object of this paper is to report torsion, con
stant loud tension, and cylinder creep data obtained 
for a 0.18 percent C steel at 400nC and to attempt to 
correlate the experim~ntal cylinder data with the 
torsion creep data using various theoretical 
approaches. For comparison purposes, the cylinder 
data will also be correlated with the tension data 
using the Bailey theory described later. 

THEORETICAL ANALYSES 

This section deals with the various theories that 
the authors have to dale used for the predict ion of 
creep in thick-wallE'd cylinders. 

The three principal deviatoric stresses in a 
cyl inder wall are 

On the assumption of zero axial strain, then the 
axial deviatoric stress is zero: 

Thus, 

Substituting this into Eqs. (1) gives 
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FIG. 1 PRESSURE CREEP TEST ON EN 25 STEEL 
CYLINDER (K". 1.67), TEST PRESSURE 

(1) 

(2) 

26 lont.rllin~ , TEST TEMPERATURE 350°C 



(3) 

• 00 - 0, 
0, ='" --2- =-T 

Thus, the equivalent shear stress ill a thick-walled 
cylinder is given by T :=: (ue - 0,)/2. 

To analyze the unsteady creep behavior of u thick
walled cylinder, three independent condit ions must be 
satisfied throughout the cylinder wall. 

(1) Equilibrium of Forces 
Radial equilibrium as defined by Lame's 
equation: 

do, 
0e - a, '" r dr 

Axial equilibrium: 

(4) 

However, if zero axial creep is assumed, it is eas y 
to show that if Lame's equation is sat isfied then 
axial equilibrium is automatically satisfied. 

(2) Compatibility of "trains 

(5) 

(3) Stress-Strain-Time Relationship for Material 

THE BAILEY THEORY 

In 1951. Bailey [2) produced a theory for the 
primary creep behavior of thick-walled cylinders 
under internal pressure. In this he neglected elastic 
strains and assumed zero axial creep; he also 
ignored wall thinning. Consequentl y, the Bailey 
theory predicts a stress di~tribulion that is constant 
with respect to time. The eXpressions used for the 
creep strain rates in the tangential. radial, and axial 
directions are of the following form: 

. - F(j) 't ", - 1 (e- 2 0e 

(6) 

where F(J 2) is a simple power function of the second 
stress invariant J 2' 

If, however. torsion creep data is used that can ~e 
represented by an expression of the form 

(7) 

then Eqs. (6) are not necessary and the Bailey theory 
becomes much simpler, with the conditions to be 
satisfied being 

d{}, 
'Ta - a, == 2r == r dr 

(8) 

Combination of Eqs. (8) leads to the foHowing expres
sion for the equivalent shear stress at any radius r, 
viz. 

r =: 

p (b) 2 In 

n(K2I n _ 1) (r) (Y) 

and the shear strain 

irom which the circumferential strain at the outside 
diameter is 

(10) 

THEORY OF JOHNSON. HENDERSON, AND KHAN 

This theory [3} takes into account the effect of 
elas tic strains in the creep of a thick-walled cylinder, 
and the general expression for the strains is of the 
form 

Use of these expressions gives a stress system that 
is ch~n!aing with time. Howeve r, Larke and Parker 
[4} have sho'vn that even with thi~ basic difference 
the strAins at the outs ide surface and the bore as 
predicted by Bailey and J ohnson et al. are identical. 
Hence, if one is interested purely in strains, there is 
no need to get involved with the much more complex 
mathematical theory of J ohoson et a!. 
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MEAN-DIAMETER THEORY 

An elementarY way of estimating the creep strain 
occurring in a thick-walled cylinder is to treat it as 
being thin-walled and to calculate the equivalent 
shear stress at the ·mean diameter. This is essential
ly the same approach as that of Soderberg [5], except 
that he considered only steady-st&te or sec.{mdary 
creep and used tension creep data. 

The shear stress in a thin-walled cylinder is 
given by 

r _ p(l/ + b) _ E (K -+-!) 
- 4(b - a) - 4 K - 1 (12) 

The shear strain y in a thin cylinder js half the 
circumferential strain, and thus. if a single torsion 
creep test is run at a shear stress given by Eq. (12), 
the circumferential creep strain at the mean diameter 
of a thick-walled cylinder will be given approximately 
by 

(e =Y/2 
m 

(13) 

Assuming constancy of volume and zero axia l creep, 
the strain at the outside surface is, tiwrefore, 

te (KI-1)2 
m 

(14) -- - 4 

Clearly, this theory is a gross overs implific<ltion 
of the problem. However, Coffin et a!. [6J have shown 
that there is a radius in the cylinder wall where the 
effective stress or the second stress invariant J <. 

remains sensibly constmlt, and this h<.ls been proposed 
independently by M .. rriott and Leckie l7]. Consequent
ly, B single cree p test such 3S this effective stress 
should be adequate to predict the creep of a thick
walJed vessel. The mean-diameter fo r01l11a might 
consequently be expected to give results of the right 
order of magnitude; if so, it could provide a 
simple rule for the Ul>C of designers. 

STRAIN·HARDEN ING METHOD ALLOWING FOR 
EFF ECT OF \'fALL THINNING ON CREEP OF 
THICK·WALLED CYLINDER 

The theories examined earlier hu e ignored the 
effect of wall thinning on the creep behavior of a 
thick-walled cylinder. For bore slretins as small as 
1 percent in a cylinder of diameter ratio 2, this effect 
can be considerable. In this section the simple 
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FIG . 2 EXAGGERATED DIAGRAM TO ILLUSTRATE 
_ STRAIN-HARDENING METHOD USED TO 

PREDICT CREEP OF THICK.WALLED 
CVl.INOER 

Bailey theory is adapted, using f~ strain-hardening 
method to allow for these changes in dimensions. 

Considering a cylinder with diameter ratio 
K' := (b' / a'), the shear sl ress at the outer surface is 
from Eq. (9) 

p 
(15) r = 

where the dash refers to current dimensions as 
opposed to original dimensions. Clearly, as the 
cylinder expands due to creep, because the bore 
material is strained very much more than the mate
rial at the outside surface, the diameter ratio will be 
gradually reduced. Equution (15), therefore, predicts 
a continual increase of shear stress at the outer 
diameter. The technique employed to deal with this 
varying stress is to consider it as remaining constant 
for smtiH intervals of time and then increasing step
wise to a new value at the end of each interval. 
Reference to Fig. 2 will explain the procedure used 
to predict the creep 51 rain occurring in the cylinder. 



For greater accuracy, when there is considerable 
initial plastic d<.>(ormalion, as in the 'present experi
mental work, it is necessary to start at zero t ime 
with the actual dimensions of the cylinder immediate
ly after pressurization. The initial dimensions can 
be found by the method, based on torsion data, 
suggested by Manning ~] or later by Crossland [8}, 
which is described in th~ following section. Hence, 
the shear stress at the outer surface for the filst 
interval of time I\t is 

p 
(16) T, 

If it is assumed that any constant shear stress 
creep curve can be represented by an expression of 
the form of Eq. (7), then the increment of creep shear 
strain at the outer surface of the cy tinder for a 
stress ~, acting for time, I'lt is 

(17) 

After this interval the new dimensions of the cylinder 
are calculated. Assuming IlYb, to be small (lhis can 
be assumed by making thE' t Imc inc rement small 
enough) then the increment of circumferential strain 
at the outer surface is 

(18) 

Also, for constancy of volume With zero axial creep. 
the relationship between the strain at the bore and 
the outer diameter is 

(19) 

. Therefore, 

(20) 

Hence, 

(b) 
K = -

1""l'lt (a) " 
1=':'11 

(21) 

This new value of dia.meter r:=!tio gives the shear 
stress r2, which is considered constant for the next 

interval of time. To apply the strain-hardening 
theory, the time at which a creep test run at a shear 
stress of rz attHins a shear strain of tlYIJ must now 
be evaluated from Eq. (7), and this is equal to 
(~Y/; 1ST?, n);7" The additional creep strain occurring 
over the next interval At is thus 

(22) 

and the new dimensions are accordingly 

b - b 
I= Zl'lt - ~t 

(23) 

hence, 

(24) 

The .shear stress 1'3 is then found and the time for a 
constant shear stress creep test at '3 to reach a 
total shear strain of 

(25) 

is calculated. The procedure can be continued in 
this manner for as long as desired. As the creep rale 
falls off the increment of time can be increased with
out loss of accuracy. The engineer's or nominal 
diametral strain at any time t is found simply by the 
relationship 

where b refers to the original outer radius of the 
cylinder before it is pressurized. 

(26) 

CREEP OF THICK-WALLED CYLINDERS USING 
ISOCHRONOUS SHEAR STRESS-STRAIN CURVES 

For the plastic deformation of metallic thick
walled cylinders at room temperature, whl're little if 
any creep takes pince, Crossland [81 has suggested 
a methodof predicting the pressure-expansion curve 
based on torsion data. This method, which is 
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FIG. 3 HYPOTHETICAL ISOCHRONOUS SHEAR 
STRESS-SHEAR STRAIN CURVES DRAWN 
FROM TORSION CREEP CURVES 

basically that propos ed by Manning [91 allows for 
the dimensional changes associated with large 
strains. In this s l'ction, the approach is extended 
for use with time-dependent conditions 

From 8 family of torsion creep curves, which 
include the initial plastic shear strains, a series of 
imaginary she ar stress-shear strain curves Crul be 
cons tructed for various times. Figure 3 shows a 
hypothetical set of ~ome such curves. If it is 
assumed that, no matter how the shear stress in a 
cylinder Wull may vary with time, at a given time 
there is a unique relations hip between stress and 
strain, then it is possible, using the Crossland or 
Manning type of analysis , to predict a series of 
isochronous pressure-expansion curves for a thick
walled cylinder of any dt>sirc diameter ratio. 
Hypothetical pressure expansion curves for different 
times are shown in Fig. 4. From these the diametral 
creep curves of cyl inders with different internal 
press ures are deduced easily. The horizontal line 
AB in Fig. 4 for a particular pressure gives the 
initial plastic strain at time t '" 0, while BC, BO, 
clc. give the creep strains at times t" t 2, etc. 

Similar npproaches to this have been suggested by 
Coffin, Shepler, and Chcrniak [6] and by Parker [10], 

but both these do not make any allowance for 
dimensional changes. 

TESTING MACHINES AND MATERIAL 

The torsion creep specimens used for this work 
were of thin-walled tubular form with a bore diameter 
of 0.750 in. a nd a wall thickness of 0.050 in. Shear 
strain was measured on a 5·in. parallel gauge length. 
The thick-walled cylinders had a diameter ratio of 2 
with the outer dicllneter 2 in., and the tension creep 
specimens were of the standard N.P.L. design with 
an initial cross-sectional area of 0.1 in. 2 and a 2-in. 
gauge length. The testing machines have all been 

. fully described in Refs. (1], [111, and [12], respec
tively, so no further details will be given here. 

The material, a wrought carbon steel, was sup
plied by English Steel Corporation Ltd. in the form 
of a bar 15 in. in diameter and 74 in. in length. This 
had been trepanned from the center of a large forging 
for a chemical reaction vessel. Before delivery, 
English Steel Corporation Ltd. performed ultrasonic 
tests on the material, as well as sulphur-printing the 
end faces to check for segregation. As a result of 
these tests, some defective material was removed 
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FIG. ~ HYPOTHETICAL ISOCHRONOUS PRESSURE
EXPANSION CURVES FOR THICK-WALLED 
CYLINDER 
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from each end, The material was originally rather 
coarse gra ined, and the suppliers gavc the entire 
core a refining heat treatment in a vacuum. This 
consisted of heatin g slowly to 610°C, soak ing for 
1 h at this temperature, and then coolin g, st ill within 
the vacuum, over a period of about 18 h. 

Figure 5 shows the manner in which the material 
was cut up. All the tests reported in this paper were 
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performed on material from section DE at a test te'!l
perature of 400°C. Also shown is the way th is 
secti·on was further cut up. 

Che mical ann lysis was carried out on four samples 
taken from pieces J, M, R, and U, Table 1 shows the 
results of thcl)e nnalyses. 

Microscopic examination of the grain structure in 
both the longitudinal and transve tse directions showed 
that the grains were orientated randomly, which sug
gested a minimum of anisotropy and difference in 
directional properties. 

TEST PROGRAM 

The creep tests at 400°C on section DE of the 
steel have in general not exceeded 3,000 h, Eight 
torsion creep tests have been completed .at shear 
stresses ranging from 6.5 to 10.5 ton-ft/in.2

, while 
another test at a shear stress of 11 ton-ft/in. Z is still 
in progress. To date, six tens ion creep tests cover
ing the nominal stress range 12 to 17 ton-ftjin . 2 have 
been taken to 3,000 h. Finally , seven pressure creep 
tes ts on cylinders are reported, with internal pres
sures r~nging from 8 to 13 too-ft / in. 2

• Tables 2,3, 
and 4 s how details of these tests. Included in th e 
tablas are the initia l plOlstic s trains associated with 
each stres s or pressure level. Because of the 
difficulty of me asuri ng the ins tantaneou s s tmin a t 
the moment of loading, the initial plastic st rain is 
taken as the nonelas tic strai n that occurs lip to 1 min 
from the ins tant the test load or pres sure is applied, 
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FIG,6 TORSION CREEP CURVES FOR 0. 18 PERCENT 
CA RBON STEEL AT 400° C 



Table 1. 

Composition by Weight 
('7.) 

Element Specimen Number 

JI /3A MI/IA Rl /3A Ul / 3A 

Carbon 0.17 0.17 0.17 0.18 

Sulphur 0.029 0.025 0.019 0.020 

Phosphoru. 0 .023 0 .020 0.019 0.021 

Silicon 0.27 0.26 0.25 0.26 

Manganese 0.71 0.72 0.69 0.69 

Table 2. Torsion Creep Results 

Test Temperature 400° C 

(
ton-fei)' 

Shear· Stress in. 2 Specimen No. 
Ini lla1 Plastic 
Shear Strain ('7.) 

6.52 Gl/I/DE 0.594 

7.51 Wl/l/DE 1.074 

8.00 MI/3/DE 1.382 

8.51 RI/21DE 1.910 

8.96 Ji ll/DE 2.275 

9.51 UI/I/DE 2 .. 395 

10.00 MI /2/DE 3.403 

10.49 RI/I/DE 3.722 

11.04 PI/3 / DE* 4.041 

.Still J'\Inning. 

.. l ., 

Table 3. Tension Creep Results 

Test Temperature 400°C 

Stress (to~{/lin!) Specimen No. 

12 MUS/DE 

13 M2/!/DE 

14 M2/3/DE 

15 MU2/DE 

16 M2/4/DE 

17 M2I6/DE 

Table 4. Pressure Creep Results 

Test Temperature 400°C 

Pressure (ton-fl/in.2 ) Specimen No. 

8 K/DE 

9 L/DE 

10 T/DE 

11 N/DE 

11.5 S/DE 

12 H/DE 

13 V/DE 

Initial Plastic 
Strain ('7.) 

0.588 

0.838 

1.051 

1.320 

1.656 

1.935 

Initial Plastic 
Strain ('7.) 

0.112 

0.220 

0.322 

0.461 

0 .557 

0.678 

0.796 
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FIG. 7 EXPERIMENTAL TENSION CREEP CURVES FOR 0.19 
PERCENT CARBON STEEL AT 400°C 

Thereafter, all the time-dependent strain is taken as 
creep strain. The results of the torsion creep tests 
are plotted in Fig. 6, the tension in Fig. 7, and the 
cylinder creep tests in Fig. 8. They are plotted as 
total strain (Le., initial plastic 4 creep) vs. timt'. 
Experimental points are not shown as in every case 
they lay on the smooth curves drawn. It should be 
noted that the reason for the slight variation in 
increment of shear stress between each torsion 
creep test was due to the critical dependence of 
stress on wall thickness and to the neces sity of 
allowing for the oxide layer formed in the thin-walled 
tubes. 

DISCUSSION AND CORRELATION OF RESULTS 

There was some experimental scatter between the 
curves from one stress level to another, especially in 
the torsion creep tests, and inasmuch as the torsion 
dato were to form the basis of most of the cOHelation 
work, it was deemed nt!cessary, before analyzing it, 
to eliminate this scatter. This was done by cross
plotting from the torsion creep curves, shem stress
strain curves for various values of time , or what are 
termed isochronous curves. Smooth curves were 
drawn through the resulting points and to assist in 
this it was found helpful to plot the initial curve (1=0) 

using not only the initial plastic shear strain values 
but also values taken during the complete loading-up 

procedure for each test. Some of the isochronous 
stress-strain curves obtained in the above manner are 
shown in Fig. 9. From these it was a simple matter 
to redraw the modified tll r::;ion creep curves s hown in 
Fig. 10 with creep sheAr strain pl otted versus time. 
The shear stresses in the modified curves were 
chosen with an equal increment of 0.5 lonft/in. z 
between each, which shows another advantage of 
drawing isochronous curves. 

It can be seen from Figs. 6, 7, and 8 that there 
was no significant evidence, up to 3,000 h, of 
tertiary creep, or more specifically an increase of 
strain rate, in any of the tests so far conducted. 

The creep constants in Eq. 7 were then found 
from the modified torsion creep curves [1] and the 
following expression was then taken to represent 
the data: 

y = 6.74 X 10- 8 r 4 .10 to. 313 (27) 

Figure 11 compares the curves predicted by Eq. 
(27) with the modified experimental ones . A reasona
ble fit has bet::tl achieved for the majority of stress 
levels, and at worst the deviation for any curve is 10 
percent at 3,000 h. 

The tension data was also processed in a similar 
way and the expression found to fit these curves was 

(28) 
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Fipure 12 shows the comparison be tween the experi
mental tension creep curves and those predicted by 
Eq. (28). Here the fit is very good apart Crom the 
17 ton-ft' in. Z stress level. This suggests that a 
different set of constants may be required Cor this 
stress l:Ind higher. 

The·torsion creep data was correlat.ed with the 
tension data using the von Mises flow rule and in 
one case allowing for the changing stress in the con
stant load tension data and in the other ignoring it 
f11. Figure 13 gives the results of this, and it is 
s~en that there is a marked difference between 
theories even at the 12 ton--ftl in. Z st ress level. 
Therefore, it is clear that any correlalion between 
thick-walled cylinder creep and constant load tension 
creep can be only approximate. 

Using the Crossland theory r7J, the initial plastic 
torsion data has been used to predict the pressure 
initial expansion curve for a cylinder with k ratio . 2. 
The prediction is compared with the' experimental 
data obtained in the loading up of the pressure creep 
tests in Fig. 14. An excellent correlation has been 
achieved. The isochronous pressure expansion 
curves obtained from the torsion data times up to 
3,000 h are shown in Fig. 15. Figures 16 to 22 show 
each of the experimental creep curves Cor the thick
walled cylinders compared with the curves predicted 

.;; ~ - . - .. - . - - - -

by the various theories, Le., 
(l) simple Bailey using torsion creep data, 
(2) simple Bailey using tension creep data, 
(3) mean diameter theory using torsion creep 

data, 
(4) modified Bailey taking account of wall thin

ning and using torsion creep data, and 
(5) isochronous theory using torsion data. 

In every case the simple Bailey theory using 
torsion creep data is the lowest of the theoretical 
predictions and becomes steadi Iy worse as the test 
pressure is higher. The simple Bailey theory using 
tension creep data is higher than that using torsion, 
as is to be expected because the actual stresses in 
the tension tests are greater than the nominal values. 

For the 8 ton--Cf'in.2 pressure creep test the mean 
diameter theory overestimates the strain, but as the 
test pressure level increases, it is seen that the 
effect of wall thinning overtakes this effect, and the 
predict ion becomes steadily worse. Nevertheless, 
at the lower pressures this simple theory gives R 

reasonable prediction. 
The modified Bailey theory using torsion creep 

dala is a big improvement over the simple Bailey 
theory imd shows clearly that for the present magni
tude of strains the effect of wall thinning is COIl

siderable. At the lowest pressure, the effect is quite 
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AT 400°C) 
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FIG. 21 COMPARISON OF EXPERIMENTAL AND THEO RETI CAL 
CREEP CURVES FOR CYLIND ER (K=2) WITH INTERNAL 
PRESSURE 12 ton.ft/ in .2 (0 . 18 PERCENT CARBON STEEL 
AT 400°C) 
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FIG . 22 COMPARISON OF E XPERIMENTAL AND THEORETICAL 
CREEP CURVES FOR CYLINDER (K".~2) WITH INTERNAL 
PRESSURE 13 ton·Win. ~ (0.18 PERCENT CARBON STEEL 
AT 400°C) 

small, but it steadily increases until for the 13 
ton-ft/in. Z pressurE: test there is a f~ctor of 1.6 in the 
strains at 3,000 h between the two theories. 

The isochronous approach gives till' most consist
ent prediction of diametral strain over all the theories 
for this particular mated,,1 al-.'1nys being within 20 

percent of the experimental value. However, it must 
be real ized that the assumption of a shear stress 
associated with a particular strain at any given time 
cannot be exaclly correct if the stresses are vary ing 
with time, and it may be that this themy may not be 
as good for another material or for cylinders with a 
larger k ratio. 

CONCLUSIONS 

It would seem that, with the correlation between 
torsion creep and constant load tension creep duta 
and also with the experimenta lly observed fact that 
the axial creep struin in a pressurized thick-w"llcd 
cylinder is zero, th:lt lorslon creep data is more 
fundamental for designing cylindrical ves3ds under 
creep conditions. 

It can be concluded that for the magnitude of 
creep strains involved in the experimental work 
reportcd in this p;JPcr, account must be taken of \'lull 

thinning of a thick -wall ed cylinder undergoing creep. 
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