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TECHNICAL NOTE NO. 11286

STRESS RUPTURE OF HEAT-RESTSTING ALLOYS AS A RATE PROCESS

By E. S. Machlin and A, S. Nowick

SUMMARY

The equations of the theory of rate processes are applied to
stress rupture and predict the experimental stress and temperature
dependence of the time for rupture for three heat-resisting alloys.
It is concluded that, although this successful predictlon for three
alloys did not conclusively prove that stress rupture was a rate
process, it did provide a basis for recommending that thes rate-
procesgs stress-rupture equations obtained should be used to inter-
polate and extrapolate data for different temperatures and to reduce
the nvmber of stress-rupture tests. .

It 1s indicated that sbress may have an effect on the crystal
structure by causing a phase change. Also it appesars that the same
rate~-process mechanisem is responsible for both transcrystalline and
intercrystalline faillure and that a correlation may exist between
stress rupture and creep.

The recommendation is made that the method of presenting stress-
rupture data on a semilog plot (logerithm of rupture time against
stress), which has a basis in theory, be investigated for use in
place of the present empirical method of presenting stress-rupture
data on log-log plots of time for rupture againgt stress.

INTRODUCTION

One of the main criteria used to rate the heat-resisting prop-
erties of alloys is stress rupture (refervence 1). Durihg a stress-
rupture test a tensile speocimen is held under & constant load at a
congtant temperature until the speclmen frecturos. The chief meas-
urcment made during this btest is the time required for rupture at
the gpecific test stress and temperature. It was empirically found
from a sories of stress-rupture tests at a constant temperature that
when tho logarithm of the time for rupture is plottod against tho
logaritim of stress, a straight lineo i1s obtainod within experimental
error (references 2 and 3). "This method of showlng stress-rupture
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data has been adopted by many investigators and is presently used in
the reports of tle TWRC-8 project (reference 1) and the NACA (refer-
ence 4). By interpolation and extrapolation from these plots, values
of the stresses reguired to rupture the specimens (the rupture
strengths) in 10, 100, and 10C0 hours are obtained for specific tem~
veratures. Alloys are then rated for a particular spplication on
the basis of thelr rupbure strengtihse at the yrupture life that most
nearly revresents the application,

Inesmuch as stress rupbture is an important critorion in rating
heat-resisting alloys, it would be advanbageous to know the guanti-
tative dependence of the times for rupture on stress, temperature,
camposition, and structure. In order to obtain this Information,
an investigation was mede at the NACA Cleveland laboratory during
the spiing of 1945 using the theory of rate processes. Thils theory
was vsed because it has been found to apply to certain processes
such as chemical reactions, viscous flow, and creep that occur at a
definite rate for given conditions. It was thought that stress
rupture was such a process. An equation was derived that gives, for
a given composition and structure, the dependence of the time for
rupture on stress and temperature, The investigation is part of a
general program to provide information that will ultimetely lead to
the development of better alloys in order that the eofficiency and
power output of gas turbinss used in aircralt propulsion can be
increased.

The reader who is solely interested in the practical application
of the fundamental equations, which give the dependence of the time
for rupture on stress, temperature, composition and structure, may
proceed directly to PRACTICAL APPLICATIOR OF STRESS-RUPTURE EQUATIONS.

SYMBOLS

The following symbols are used in the report:

c proportionality comstant

AF, free energy of activation per moleculs

AF, ! sparent free energy of activation per molecule
h - Planck's constent, 6.62 X 10727 org seconds

AHg heat of activation per molscule
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AHgy keat of sctivation per molecule at temperature of absolute

Zero
k Boltzmann's constant, 1.38 X 10718 orgs per molecule per °K
r rate of reaction per unit concentration of reactants
Te rate of occurrence of the unit Pprocess
AS,, entropy of activation per molecule

ASg'  apparent entropy of activation per molecule

tp tims for rupture

T absolute temperature

€] proportionality congtant

o externally applied tanaglle atress

T ghear stress

THEORY

The theory of rate processes will filrst be discussed as a gen-
eral theory. It will then be shown that if stress rupture of heat-
resisting alloys can be treated as a rate process, certain equations
nust be satisfied. Labter sections will then show that these egqua-
tionsg are satisfied.

General Theory of Rate Processes

The theory of rate processes (reference 5) developed by Eyring
and others has been applied to chemlcal reactions as well as other
processes such as viscosity of liquids and diffusion. In every case
to which rate-process theory can be applied, there is a small sub-
division such that the macroscopic process is the net effect of all
the ewall processes. This smallest subdivision 1s called the unit
Process. For example, In a chemical reaction the unlt process is
the reaction beitween the atcms reacting in numbers given by the
stolchiometric chemical equation. Rete-process theory can be applied
to any process provided that the corresponding unit process involves
a molecule or group of molecules that, in passing from the initisl

3



NACA TN No. 1126

to the final state, must first attaln a certain minimuwm thermal
energy. This enorgy is often consldersbly greater than tho ordinary
thermal energy of molecules; btherefore the molecule or group of
molecules participating in the unlt process is said to be "activated"
or to have formed an "activated complex" when the minlmum energy is
atbtainod. Tho unit process is best illustrated by the potential-
enoray curve for the reaction, illustrated in figure 1. The height
of the barrier, which is tho minimum onergy required for passago
into tho final stato, is called the heat of activation AH,. This
enorgy boars no relation to tho heat of tho reaction A4H, the onergy
difforence botween the initial and final states alsoc shown. By the
"reacticn coordinato" is meant the most favorable reaction path on
‘the polydimensional potential-enorgy surfaco.

The basic assumption of rato<procoss theory is that tho initial
reactants and activated comploxes src always in equilibrium. Statis-
tical mechanical considerations thon givo (reforence 5) for tho rato
of tho procoss (numbor of unit process teking placo/unit time) tho
cquation

-AFg kT (1)

The term kT/h can be regarded as the effective frequency at
which activated complexes cross over the barrier. In tho calculation
of AF,, the contribution due to the translational degree of freodom
along the reaction coordinsto has been disrogarded because it is
included in the factor kT/h. The factor AF, is interproted as an
ordinary free-energy texrm and can be expressed as

r = {(kT/h) e

AF, = AH, - TAS, (2)

Tho entropy of activation has the usual physical significance. It

is rolated to the relative probability of the initial and actlvated
states oxcluding the onewrgy diffeorence or what may be called tho
rolative froodoms of tho two states. A nogativo valuo of AS; meens
therefore that the activated state involves grester restrictions on
the degrees of freedom of the molecules than the initial state in
addition to the enexgy difference between the two states.

A process will be termed a "rate process" if equations (1) and
(2) can be applied to it; that is, if the unit process can be treated
ag involving the passing of activated complexes over a potential-
energy barrier.
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Stress-Dependent Rate Processes

In some rate processes the height of the potential-energy
bariler is a function of the applied shear stress. The unit proc-
esges 1n these cases may generally take vplace in either of two oppo-
site directions involving the same energy barrier as shown by the
solid curve of figure 2, thus the net rate is zero. If the shear
stress T 18 applied, it may lower the barrier in one direction and
raise 1t in the opposite direction as shown by the dashed curve
(fig. 2). The activation energies for the two directions are no
longer equal and the process takes place with a definite net rate.
The direction to the right in figure 2 is designated positive.

Examples of such a process are the flow of viscous liqulds
(reference 5) where the unit process is the jump of one molecule
past another and the creep of metals (reference 6) where the gener-
ation of a dlslocation is the unlt process. In both these processes,
the energy by which the barrier is lowered in the positive and ralsed
in the negative direction was shown to be aprroximately proporticnal
to the shear stress. The heat of activation for the stress-dependent
process in the positive direction (the height of the barrier in the
positive direction) is therefore AHy - BT and in the negative
direction AH, + B7T. The free energy of activation in the positive
direction is AHy - BT - TAS; and in the negative direction
AHy + BT - TASg. Inesmuch as AFg = AHy - TAS; the rate of occur-
rence of unit processes in the positive dirvection is thereforse

o = (ktfn) o~ (WFa-BT)/iT
and in the negative direction
o= = (k0/n) e-(AFa+BT)/kT
The net rate in the positive direction is therefore
r' = rt - v~ = (2k7/h) e““j’&t/l"‘11 sinh (BT/KT) (3)

The factor B 1is, in general, a function of temperature.

Application of Rate-Process Theory to Stress Rupture

The supposition is made that stress rupture of heat-resisting
alloys is a rate process in the sense of the definition presented
in this report. VWhen the unit process is consldered in an abstract
sense, it is possible to determine only the temperature and stress

5
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dependence of the rate r. A definite physical unit process such
as the generation of a dislocation (reference 6) would enable the
prediction of the dependence of the rate r on the physical struc-
ture and properties of materials. This report, however, considers
the unit process only in the abstract sense and thersfors the con-
tribution that will be expected is a knowledge of the temperature
and stress dependence of the time for rupture for a constant com-
position and structure.

If stress Tupture is a rate process, the time for rupture 1,
is to be expected to be inversely proportional to a rate rp or

t, = c/rf , (4)

The wunit process is expected to be stress dependent. If the effect
of stress ig similar to other stress-dependent rate processes, that
is, if the amount by which the barrier is lowered or raised by shear
stress is approximately proportional to the shear stress, then rp
would be given by equation (3). If, as in the theory of creep
(reference 8), the grains ere taken to be oriented such that the unit
process ococurs under maximum shear stress, where T = 0/2, this
equation becgmes in logarithmic form

logg rs = loge (2kT/h) - (AFy/kT) + logg sinh (po/2kT)  (5)

The factor $ may include a stress concentration factor if the unit
process takes place at stress raisers.

eX - g=X -3
Inasmuch as ginh x = —s when X Dbecomes large, o

rapidly approaches zero and sinh x then is given to a good approx-

iration by %-ex. Thus for sufficiently high values of applled

gtress

sinh (Bo/2KT) = %—eB"/ZkT (6)

If equation (6) is substituted in equation (5) and combined with
squation (4), the resulting equation for the time for rupture is

loge ty = loge (B/kT) + (AF,'/kT) - (Bo/2KT) (7)
where
AFy' = APy = CT = AHy - T (4Sg + C) (8)
C=-klogs c
6
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The texrm ASg + C 1is therefore the apparent entropy of activation.

For the purpose of checking the validity of equetion (7), common
logarithms are most convenient. Eguation (7) can be written

log ty = log (h/kT) + (4F,'/2.3kT) - (Bo/4.6kT) (9)

A plot of log t,, against O for a fixed temperature should then
be a straight line of negative slope ﬁ/é.GkT and intercept

log t; = log (h/kT) + (AF,'/2.3KkT) (10)

From equation (10), AFs' can be obtained for each temperature,

The heat of activation per molecule AHg is usually either constant
or exprossible to a good approximation as & linear function of T
according o

ABy = AHgp + AH,' T (11)
Thus a linear plot of AF,' against T should be & straight line

AFg" = AHpqg - TAS,! (12)
where ASg' is given by

ASg' = ASg - AH,' + C (13)

If stress rupture is gliven by egquation (9), practical use of
this equation for design can be made by letting log (h/k‘l‘) equal
a constant, The approximation that log T 1s constant relative to
the term in T wlll involve no detecteble error over a large range
of temperature., This spproximation was made for the equation gilven
in the section entitled "PRACTICAL APPLICATION OF STRESS-RUPTURE
EQUATIONRS."

SOURCES AND PRECISION OF DATA

Stress-rupture date were obiained from reference 4, from the
Allegheny Ludlum Steel Corporation, and from the University of
Michigan for three different alloys: S816 cast, S816 forged, and
low carbon N155 hot worked. These alloys were chosen because
enough stress-rupture dats were available for them in the liter-
ature at different temperatures and stresses.
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An examination of the data, in general, showed that & particular
rupture life might vary by as much as 100 pesrcent. Approximate
experimentel errors for the factors B, AHyg, and ASg! are

+30 percent, %5 X 10-13 ergs, and *5 X 10~ ergs per OK, respec-
tively, but the errors in AH;, and ASg' will generally be in
opposite directions and therefore tend to compensate. Reference 7
gives an approximate value of the reproducibility of stress-rupture
data obtained from duplicate tests on specimens from the geme heat.
This value is #25 percent for two-thirds of the tests conducted.
For one-third of the tests the variation was much larger than

+25 percent

RESULTS AND DISCUSSION
Stress Dependence of log by

Equation (9) states that at constant temperature a plot of
log t,, agalinst stress at high stresses will yleld a straight line
having the negative slope B/4.6kT. An examination of the primary
data for 5816 cast, 5816 forged, and low carbon N155 hot worked
ghowed that the plots of log &y against stress for these alloys
were straight lines whose slopes varied with the temperature. (See
figs. 3, 4, and 5.) The literature, however, shows straight-line
plots of log t» against log C for these same alloys. Inasmuch
as both plots are not mathematically consistent, ouly one plot is
correct, It will be shown that stress rupture is a rate process
and therefore the semllog plot should be used. The magnitude of
the experimsntal error expleins why both plots can be simultensously
obtained. DPrevious investigators have also noticed that straight-
line plote could be obtained by plotting log %t against o (dis-
cussion of reference 3). Irasmuch as no basis for choosing between
the plots had been avalleble, stress-rupture data were standardized
on plots of log %, against log O.

The change in slope that occurs because of oxldation on the
log-log plots of rupture time against stress (reference 3) also
occurs on the semilog plot at approximastely the same rupture time
and stress. At the same temperature, transcrystalline-type fallures
will occur at higher stresses than inftercrystalline-type failures.

No correlation exists, however, between the change 1in slope and the
transition between transcrystalline and intercrystalline reglons of
falilure. A number of the lines shown in figures 3 and 4 show changes
in slope that cannot be explained by elther Intercrystalline oxida-
tlion or the hyperbolic sine dependence of stress. The change in

8
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glope is opposite in sign to that expected for intercrystalline
oxidation and also is much sharper than that expected for a hyper~
bolic gine dependsnce of stress. It is belleved that the change in
slope is due to a change of structure as a result of the effect of
stress. Reference 8, for example, has shown that stress at high
temperatures can induce an age-hardening reacticn.

Tewperature Dependence of Slope Factor B

In refervence 6 it was empirically found that the temperature
dependence of the B factor for creep could be described by “the
following relation:

B = PeQT

The data for gtress rupbure were investigated to show whether
a similer relation existed for stress rupture. A plot of log B
ageinst T, which gives straight lines within experimental exrror
for the three alloys gtudied, is shown in figure 6. The B <values
of figure 8 are of the sams order of magnitude as those obtained for
creep of ivon (reference 6).

Temperature Dependenice of Apparent Free
Energy of Activation AF,!

Equation (12) predicta that the quantity AFg!, the apparent
free energy of activation, will be linearly dependent on temperature.

Values of AFg' were computed from datea substituted in equa-
tlon (10) and were plotted against temperature for S816 cast,

. 5816 forged, and low carbon N155 hot worked. The results are shown
in figure 7, which substantiates the prediction made by the theory
of rate processes that AF,' would be linearly dependent on
temperature.

Values of AHp,g and ASp' for stress rupture, the intercepts
and slopes, respectively, of the lines in figure 7, sre given in the
following table. The values of similar parameters for creep obtained
from reference 68 are glven for comparison. The parameters AHzg and
ASg' for the creep process are approximately the energy of activa-
tion and the entropy of activation, respectively, involved in the
generation of a diglocation and ave A and B, respectively, in the
notation of reference 6. '
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Type of %est Material AHg o ASg!
(a) (ergs) (ergs/°K)

Stress rupture S816 cast 1.71 x 10718 5,7 x 10715
Stresa rupture S81l6 forged 2.98 4.2

Stress rupture N155 low carbon 4.19 2.75

hot worked
Cresp Iron 2.10 4.0
Creep Nickel 2.67 4.0

aNb creoep data were available for cobalt but the values
of its constants would be expected to approximate
closely those for iron and nicksl.

The table shows that AH,, and ASy' are of the seme order
of magnitude for the stress-rupbture rate procees as for the creep
rate process, respectively. It thereforc appears that the entropy
of activation ASy for the sitress-rupture rate process is probably
a8 large negative value of the same order of magnitude as the entropy
of activation for the goneration of a dislocation and that tho
parameter C is small compared with ASg, (See eguation (13).)

EVALUATION OF RESULTS

The theory of rate processes has predicted the temporaturo
dependonce of the time for rupture and this prediction has been
substantiated by the date for three heat-resisting alloys. This
succesgful prediction is tho Justification for epplying the theory
of rate processes to stress rupture. Because 1t is indicatod that
stross rupture is & rate proceus, plots of the log time for rup-
ture against stress should be investigated for use in place of tho
log-log plots now used. MNot only is tho somilog nlot based on
theory but 1t is alsoc the only plot from which data can be obtained
to predict stross-rupture data at additional teomporatures. An
example of the accuracy with which data at difforont temporatures
can bo predicted is given in the sectlon cntitled "PRACTICAL ATPLI-
CATION OF STRESS-RUPTURE EQUATIONS."

Tho data have revealed that a givon matorial may have three
differont sete of constants dependent on the stress and temperature
to which the specimen ls subjected. Two sets of these parameters
hold for the unchenged material (stable gtructure) and for the
material in the range of intercrystalline oxidation, respectively.
The third set, which describes tke region of highest stress, is best
explained on the basis of a change induced in the original structure

10
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by shear stress. Vhether this explanation is correct could be deter-
mined by means of an X-ray analysis of the crystal structures in two
different regions having different sets of material parameters.

On a log-log plot of rupbure time against stress, the line that
repreosents the regicn of inbercrystalline failure in the absence of
oxidation is an extension of the line of the region of transcrystal-
line failure (reference 3). In the plot of log rupture time asgeinst
stress for the same deta, the line obtained is alsc unbroken., In
terms of the theoretical equation (9), the AF,' and B§ values
for trangecrystalline failure are exactly equal to the AF,' and B
values for intercrystalline failure in the absence of oxidation. It
therefore appears that the rate-process mechanism resroneible for
the transcrystalline failure is the same rate-process mechanism
respongible for the intercrystalline failure. This fact leads to
the belief that a correlation may exist between creep and stress
rupture. From reference § it can te implied that during the trans-
crystalline mode of failure, & relatively large amount of creep
takes place., If transcrrstalline failure finally results from a
shearing of the individual grains, then creep may be the controlling
factor. Further evidence of a correlation between creep and stress
rupture was the agreemsnt of the order of megnitudes and temperature
dependence of gimilar terms in the equations for creep and stress
rupbure. Further tests, however, are necess&ry in order to prove
whethsr such & correlation exists.

The practical application of the stress-rupture theory to
engineering problems is extensively described in the next section.
On the hasis of the theory given in this report, the prosent engi-
neering method of presenting sbress-rupturo data should be reviged to
prevent inaccurate application of the results to the deslign of parits
for high-temperature use and to facilitate the method of rating the
stress-rupture resistance of heat-resisting alloys.

PRACTICAL APPLICATION OF STRESS-RUPTURE EQUATTIONS

The cgquatbion

log ty = -é.i.?%_:_]lq (14)
whereo
Ty time for rupturse, hours

11
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T absolute temperature, °R
o) applied tensile stress, pounds per square inch
A, B constants of structure and composition
and
log D=8 + FT (15)
where
E, F constants of structure and composition

was derived In the theory section of this report from the theory of
rate proceeses as developed by Byring and others (reference 5).
Bquation (15) was found empirically. The predictions of equa-

tion (14), especially in regard to the Eemperature dependence of
stress rupture, were investigated and verified for e number of heat-
resisting alloys. ZEquation (14) is therefore valid and could be
usged to obtain the dependence of time for rupture on stress and
temperature for a given structure and composition.

In order to obtain an evaluation of the constants A, B, E,
and ¥, 1t is necessary to determins at each of three or four tem-
peravures the time for rupture for at least four different stresses.
The constents E and F are evalueted by plotting log t,. against
0 at a constant temperature. The slope of the straight line obteined

is equal to —'%u When values of log D 8o obtained are plotted
against temperature, & straight line is obtained. The slope of the

straight line is equael to P and the intercept (at T = 0) is equal
to E.

The constents A and B are evaluated by obteining values of
the intercept (0 = O) of the plot of log t, egeinst stress. From
equation (14) this intercept, log tj, will satisfy the relation

T log ty = A + BT : (18)

When values of T log t3 are plotted against T, & straight line
is obtained. The slope of this line is equal to B and the Inter-
cept (T = 0) is equal to A.

It should be understood that the parsmeters A, B, E, and F
will be constant only for & given composition and structure and in
the absence of intercrystellins oxldation. If a heat-resisting alloy
should have different structures, as is sometimes the case, then the

12
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values of the parameters for one structure would not apply to pre-
dicting stress-rupture data for the other structure. For example,
the bresk in the stress-rupture curve at 1350° F in figure 4 indi-
cates that the structure in the high-stress range differs from that
in the low-gtress range because the values of the structure param-
eters A, B, B, and ¥ for both ranges are not the same. In the
event that inbtercrystalline oxidation takes place, the set of param-
oters will no longer be valid. These limitations, however, are not
severe Tor the data presented in this report.

In order to illustrate the use of the equations in predicting
data, the primary data for forged 5816 given in figure 4 for 1350,
1500, 1600, and 1700° F will be used to compute values of 4, B, E,
and F. Then these values wlll be used to obtain a stress-rupture
ourve £or 1800° F, which will then be compared to the experimental
stress-rupture curve for 1800° F.

The absolute slope of the 1350° F stress-rupture curve is

log tyq - 108 ty2 3,00 - 2,00
6] - o, = 30,000 - 41,200

%'= = 0.0000900

whlch then gives
Dy350 = T X 0.0000900 = 1810 X 0.0000900 = 0.163

Similarly,
Dispo = 0.284
Digop = 350

The plot of log D agalnst T is glven in figure 8. The slope of
the straight line in figure 8 is

log 0.381 - log 0,169

=3
5330 = 1810 = 1.218 X 10

F =

The intercept of this straight lins is
E = log 0.381 - 1.218 X 10 x 2100 = -2,977
Tquation (15) then gives for D at 1800° F

log D=E + PT = -2.977 + 1.218 X 2260 X 10™° = -0.220

13 ;;f‘r\(\
£, sdI-r
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D = 0.600

The intercept cf the 1350° ¥ gtresg-rupture curve in figure 4 1is

log %1 = log tyn + %-G = log 1000 + %é%gé-x 30,000
log t; = 5.70
Then
T log ty = 10,300
Similarly,
T log t; (1500} = 10,580

(1600) = 9320

"

(1700) = 8650

The plot of T log ty ageinst T is given in figure 9. The slope
of the stralght line obtained 1s

10,420 - 9030 _

B = &5 2100 - 890

The intercept is
A = 10,420 - {~6.95'x 1900) = 23,630

Equation (14) was used, with the value of D at 1800° F and the
values of A and B Just determined, %o obtain the stress-rupture
curve for 1800° ¥ that is shown plotted in figure 4 as a dotted
line. The experimental polints are glven by the symbol o and give
a measure of the accuracy that cen be obtained using equations (14)
and (15) to predict stress-rupture data. It should be noted that
the predicted values fall within the reproducibility of +25 percent
found by reference 7. This reproduciblillity figure was obtalned from
a duplicate serlee of stress-rupture tests of specimsns taken from
the same heat.

The number of stress-rupture tests that are required at present
can be materially reduced by using the method Just described to pre-
dict date at new tempervatures. Specifically, if it is deslred to
extend the stress-rupture data to higher temperatures, 1t ls neces-
sary according to present methods to obtain values of T for at

14
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least four different stresses at the higher temperature in order to
be able to plot a curve of logzg ty against log 0. If values of

A, B, E, and F were computed for this alloy from the available
data, then only one test at the higher temperature would be required
vo check whether the alloy structure was sbable at this higher tem-
perature. If the alloy structure was found to be stable, that is,
the exrerimental value of ty» at the higher temperature checked
within experimental error with the value predicted by equations (14)
and (15), then the equations could be used for predicting the stress
dependence of the rupture time at this higher Ptemperature. Thus,
about three-fourths of the additionel stress-rupture tests would be
eliminated.

The metallurgist who poerforms stress-rupture tests in order to
rate the heatv~resisting properties of alloys can now meke use of the
four parsmeters A, B, E, and F as a means of rating the alloys.

In order to have long rupturc lives (high t,) at constant stress and
temperature, it is necessary that A and B be large and E and F
small. (See equations (14) and (15).) When A and B arc larger
and E and F are smaller simultaneously for one alloy than for
another, the first alloy will have longer rupture life over the range
of stress end temperature where the values of A, B, E, and ¥ apply.
Where the four parameters do not compare in this simple fashion,

the strese-rupture ratings of various alloys will generally not bhe
the same for different ranges of stress and temperature. These
alloys can thercfore be rated only with respect to their proposed
use. For example, alloys for gas-turbine buckets can be rated on
the basig of the design temperature and stress. Values of the struc-
ture paramesters cen then be used to obtaln easlly an order of merit
rating at the set of conditions that correspond to the proposed use.

RECOMMENDATION

It is recormended that the method of presenting stress-~rupture
date on a semllog plot (logarithm of rupture time sgainst stress),
which has a basis in theory, be investigated for use in placo of
the prosont emplrical method of presenting stress-rupture data on
log~log plote of time for rupture against stress. In addition, the
use of the stress-rupture cquations vresented in this roport are
rccommended to vermit temperaturo intorpolation and oxtrapolation
and to reduco the numbor of stress-rupture tests required.

Alrcraft Engine Research Laboratory,
National Advisory Committoo for Aoronautics,
Cleveland, Chio, Fobruary 8, 1946.
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