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Data Branch of the Materials Laboratory, Directorate of Research
Wright Air Development Center, Wright-Patterson Air Force Base, &110,
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and Development Order Mo, 614-16, "Fatigzue Properties of Aircraft
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ABSTRACT

This report presents the test procedures and results of a fatigue
investigation at room and elevated temperatures on S.A.E. U340 steel, oil
quenched and tempered to 160,000 psi in the unnotched and notched condi-
tion. The notch used in the investigation is a 60° V-notch with 0.010"
radius and 0.025" depth.

The results, which are presented in form of S5-N diagrams, normal and
nondimensional modified Goodman eand stress-range disgrams, reveal the
effect of temperature and stress-ratio on the unnotched and notched fatigue
properties,

The fatigue teste were supvlemented by stress-rupture end creeo-
rupture tests and by dynamic creep-measurements. The investigation was
conducted at room temperature, 600°, 800° and 1000° F.

In general, the fatigue strength was found to decrease with incress-
ing temperature at all stress levels and 21l stress-ratios excent for the
1ife times between 10D and 15 x 100 cycles in the notched condition, where
at 600° the value is lower than at 800° and even lower than at 1000°,
dependent upon stress ratio. This can probably be related to an increase
in brittleness in the b00° region, which is also confirmed by the fact,
that the notch sensitivity 2t 60.:° was found to be higher then at any of
the other tenmperatures investigated.

The notch-sensitivity fector, based on maximum stress, is devendent
unon temperature, siress-level = d stress-ratio. It generally decresses
with incrensing stress level, increasing temmersture and decreasing stress-
ratio. The pesk of notch-sensitivity is produced at commletely reversed
lozd for all temperatures.

- The tests indicated that creep is dependent upon mean stress rather
than upon maximum stress. Two distinct tyves of creep-time diggrams were
obtcined, detemined by streus-ratio, mean stress and temperature. A
fracture study revesled certain relations between the tyve of creeo d
gram and tyve of fracture, inter snd transgranular. ' )
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ABSTRACT (Comtld)

Fatigue 1life at elevated temperature is not only dspsniemt upon
total number of les, but also time vhen creep is involved. The
speed of loading (cyclic frequency), which determinss the time avallable
for creep and therefore the amount of creep must be considered. The
ultimate fallure in general is a combination of fatigue and creep, with
the relative effects of each depsnding upon stress, ctress-ratio, temper-
ature and time,
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INTRODUCTION

There is little published information on the effect of mean stress on
the axial loading fatigue properties, fatigue notch sensitivity and dynamic
creep effects at elevated temperatures for etecl. These properties were
investigated in this project, and the results are presented in the form of
modified Goodman and other dlagrams.

MATERIAL AND PROCEDURE

The test material used was S.A.E. UTHO aircraft quality steel, conforming
to Military Specification MIL-S-5000A, A chemical analysis disclosed the
following results:

C Mn P S 51 Ni Cr Mo

ORI S A (- R o o - S o o) L4 0. T .71 02T
It was produced in the form of rolled round bars of 1 1/8 inch diameter,

all from the same heat. The cylindrical unnotched specimens were rough mach-
ined within 1/16 inch of the finished dimensions and heat-treated as follows:
15759, for 1 1/2 hours, quenched in oil, tempered st 1150°F, for 1 1/2 hours
and air cooled. The specimens were given as nearly identical heat-treatment
as possible., Although accomplished at different times because of the limited
capacity of the furnace, the hardness produced was within two voints Rock-
well C for all specimens. After heat-treatment the specimens were turned to
0.400 inch dismeter in the zage length of 1 3/4 inch with 1"-1l4 XF-3 thread-
ed gripring ends (Figs. Ua and U¢)., The threads have been ground to insure
proper alignment of the specimens in the fatigue machine. All tool marks
in the gage section of the specimens were removed by hand polishing., A sur-
face finish wae produced of about 10 micro-inches. The notched specimens
were ldentically heat-treated and machined, except for the e section,
which was turned to 0.450 inch dismeter and provided with a 60° circumfer-
ential ove, 0.G25 inches deep with a 0.0l inch radins at the bottom
(Figs. 4b and 44). The groove was mot polished since microscopic examination
proved the surface finish to be identical with the one of the unnotched
specimens. Since all possible care was given to the outting of the notches
(in selecting optimum feed and speed) it can be assumed that any residnal
stresses set up during maching operations were negligible.

The investigation was conducted in axial loadinz at room temverature,
60CF, 800° and 1000°F, in a 20-ton Schenck fatigue testing machine (1). The
frequency of the cyclic loading was between sporoximately 2000 and 250C cpm.
This frequency range is due to the fact that for this type fatigue machine
the amplitude of the cyclic load is controlled by the speed of an eccentrie
which excites the dynamic loading spring. The specimen grips are made out
of the low heat conducting Inconel X material. They are water cooled in order
to avoid temperature influence on the dynamometer, loading spring system and
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the creep messurements. The specimens are fitted with lock nuts, vhich were
processed very carefully in cutting the thread and facing the ends as accurately
as possible, so that no bending stresses would be apvlied to the specimen by
tightening the nuts. ‘

The stress distribution in the gage section of each specimen was checked
with Huggenberver Extensometers before starting each test. The maximum devia-
tion from the average strain was found not to be higher than 2%. A more
thorough check was conducted with SR-Y strain gages on a specimen picked at
rendom, Three gages were mounted at each end of the gage section on its
periphery 120° apart. The maximun deviation in the periphery of one end was
found to be 1.45%, in the other end 1.63h. The difference between the aver.
age stresses in the peripheries of the two ends was found to be 0.7%. The
furnace is a split type provided with three separate heating coils in order
to control temperature distribution in the axizl direction. The temperature
gradient over the gage length of the specimen is meintained within + 59 F,,
et 1000°F.; the horizontal errangement of the furnace in the fatigue machine
aids in attaining a uniform temperature. The temperature control thermoccouple
is fixed to the specimen itself. In this way the desired temperature is
reached antomatically and maintained very closely and any temperature chenge in
the specimen, for instance, thet due to heat generation by damping in the mater-
ial, is balenced out without overshooting, A Leeds-Norihrup sicromax recording
controller ranging from O to 2000° F. controls the testing temperature with
an accuracy of +2° at 1000° F,

The dynamic creep measurement was accomplished by measuring the gripning
head travel. The movement of the head is trensferred to a leaf soring (Fig, 2)
from which the deflection or strain,respectively, is ovicked mp by wire gages,
amplified and recorded on a Brown Electronik Recorder. This equivment, which
has been especially developed for this vurpose, vermits measurement of hesd
travel with an sceuracy of 0,0001 inch, Although the measurement includes
the complete gripning system, measurements with Huggenberger extensometers on
the gage section of the specimen indicated that the creep in the specimen
1s obtzined with an accuracy of 1%. This accuracy is mainteined for all tem-
peratures tested by water cooling the gripning system and keening it at a
constent temperature during the test. To determine the creep in the specimen
by using the head trsvel it is necessary to determine the effective gage
length, which t=kes into considerstion the creep in the fillet section of
the specimen., The effective £age length was calculsted by assuning thet the
creep-rate law is a hyperbolical sine function (:) and by vsing a gravaical
integration of strain over the straight section rnd fillet section of the
specimen. This procedure w:s conducted for esch specimen. The rense of the
effective saze lengths was between aerroximetely 110 »nd 130+ of the actual
machined goge length.

The creep-rupture tests were executed in a Brldwin-Southwark Creep-ripture
testing machine with a 20,000 1bs, canacity, equipved with an automstic creep-
time recorder. All creep data are obtained in the form of time~elongation
curves for constant load and temperature.
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The static tests were conducted in = 20,000 1bs, cepacity Olsen testing
machine. The stress-strain diagrams at 211 four temperatures were obtained
with 2 Temvlin Stress~strzain recorder. The room temperature test was conducted
with an Ulsen strain gage on the specimen at the same tine, as & check. The
rate of loading was kept constant according to the elongation of 0.05 inch/min.

RESULTS AND DISCUSSION

Values of unnotched and notched static and fatigue properties for differ-
ent temperatures are given in Tables 1 and 2. Fiz, © shows the stress-strain
diasgrams of one of three svecimens tested at each temperature, for room
temperature, 600°, 800° and 1000°F,, which demonstrate increasing ductility
of the material with temversture, indicated by increessing strzin at a given
stress with increasing temmerature. Ultimmte Tensile Strensth, Yield Strencth,
Proportional Limit and Modulus of Elasticity drov gradually with temperature.

The fatigue test results are presented in form of SN disgrams for the
different stress ratios, unnotched s=nd notched, up to a life of 15 million
cycles. As an extract of the whole investigation, normsl and dimensionless
modified Goodmen type diagrame and alternating stress-mean stress diagrams are
vresented, which are considered the best and most efficient condensation of
the results for the designer.

‘In Figure 6 are given the S-N diagrams for room temmerature, 600°, 800°
and 1CO0%, for tensile loading zero to maximum in unnotched condition. The
curves follow the general trend of decreasing fatigue sirengths with increas-
ing temperature, but at 800° and even more at 1000°, the diagrams vroduce a
change in characteristic. A steeper slope at the low stress level indicates
a higher effect of temperature in this region., The fatigue strenmgth for 15 x
100 cycles is reduced to 83% of the roam temperature value at 600°, to 71% at
80G° and to 5@ at 1000° F, This higher effect of tempersture is comnected with
the phenomena of creep, as well as fetigue, causing failure, This is discussed
in detzil later. The solid points plotted in Figure 6 represent spvecimens
with extraordinary large inclusions found in the failure section of the speci-
mens (details see page 10), The low points are not considered in drawing the
curves because there were found no inclusions of anywhere near this size in a
subsequent lot of material submitted by Revublic Steel Corporation for compar-
ison. It is felt that the lot which produced the large inclusions is an
exception which probably will not occur in present production,

Figure 7 vpresents the 5-N curves for completely reversed loading at room
temperature, §00°, 800° and 1000° F, The disgrams indicate little effect of
the temperature at 600° and 800°, but a ¢ tively considerable reduction
at 1000° F. The fatigue strength for 15 x 10° cycles is reduced to 91% of the
room temperature value at 600°, to 86 at 800° and to 588 at 1000°F,  Since
there is negligible opportunity for permsnent creep in completely reversed
loading, stress-ratio A=00, (see Figure 37) the failure is entirely fatigue
controlled at all the temperatures. Whereas in any loading where the mean
stress is other than zero, the ultimate fallure at elev:ted temperatures is a
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combination of fatigue and creev. The relative effects of creep snd fatigsue
devend upon temperature, stress and stress-ratio. No correlation between these
factors and the type of failure has been found., Efforts in this direction

are being made in the fracture studies, which are discussed later,

The comparatively low fatigue strengths at 17°00° might be connected with
the extremely low proportionsl limit found at this temperature, As seen in
Figure », the proportional limit decresses as temperature increzses.

Figure 8 shows the S-N diagrsms for high constant mean stress at esch
temperature level in umnotched condition., The individusl mean stresses have
been selected to produce the most complete Goodmsn diagram possible with the
limi ted pumber of specimens available, since no more materisl of the same heat
could be vrocured.

The number of cycles which are considered to represent the enduresnce limit
for steel at room temperature is 107, But for a sufficiently high temperature
and mean stress a definite endurance 1limit seems to be lacking, the S-N curve
continues to drop. As long as any indication of creep ig present, failure can
te expected even at number of cycles higher than 15 x 106 cycles, the maximum
cycles used in this investigation,

In Figure 9 the gﬂodman type diagrams for different temperatures in unnotched
condition for 15 x 10° cycles are presented. The pesks of the diagrsms, which
are the points of maximum mean stress at the different temperstures,represent

the static creep-rupture values for 120 hours, which is the same time the

dynemic tests have beer run, namely 15 x 109 cycles. No creep-rupture tests

were made for 120 hours at room temperafure since tests over seversl hours

did not produce any amount of creep and reduction in strength.

The normally used short time ultimate tensile strength value is not snit-
able for this diagram, because of the considerable amount of creep involved
with increasing tempersture. The diagrams Figure 10 to 13 are the S-N dise-
grams and modified Goodman diagrems for the notched condition., The SN
diagrams,Figures 10 and 11,produce the usual steep slope in the high stress
level compered to unnotched. The negative influence of temperature of fatigue
‘strength decresses conslderably with number of cycles compared to unnotched.

At 10/ cycles for zero to maximum load the fatigue strength at 800° and 1000°

is reduced to 71% and §6%,respectively, of the room temperature value in ummotched
condition, wheress in the motched condition it is reduced to only 85% and 66%
respectively. For completely reversed load, this trend is even more distinct,

The volues are 86% and 56% for unnotched and 93,5 and 87 for the notched at 800°
and 1000° resrectively, For 600° the Yebavior 1is different compared to 200°
and 1000°, The fatigue strength at the low stress level is lower than at

£00° for zero to maximum snd even lower than 1000° for completely reversed.
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The slenderness of the modified Goodman type diagram in #igure 13 for
notched condition compared to the diagram for unnotched condition in Figure 9
demonstrates the effects of the notch on fatigue for different stress ratios.

The effect of temperature, stress level and stress ratio on notch sensi-
tivity can be observed in Figures 3l to 36. There is no generally valid corre-
lation between these three factors and notch sensitivity, but for lower stress
levels and s11 but the lowest stress ratios, the notch sensitivity at 600° F,
is the highest, while at %00° and at 1000° the notch sensitivity is lower them
at room temperature. The notch sensitivity is defined as:.

q.,:Kf-l
Ki!.“l

where Kp is the fatigue strength reduction factor and K; is the "technical
stress concentration factor, derived frog H. Neuber's "Theory of Notch Stresses"
(2). The factor q' was used, ,based on K¢, rather than the factor q, based

on K¢, because the value of Kt, which takes into consideration the effect of

the flank angle of the notch comes closer to the actual fatigue reduction
factors found in the investigation (see TABLE 2) than Ky, which is the theoret-
ical elastic stress concentration factor. For the notch used in this investi-
gation (see Figureld) K{ = 1.8 and the corresponding theoretical stress
concentration factor Kt = 3.3 therefore q = q' x 0.348.

The nondimensional modified Goodman disgrams in Figures 14 to 23 for the
unnotched and notched conditions at different temperature amd stress levels
reveal in general, the trend of increase in ductility with increasing tempera-
ture, but this is not true for all stress ratios for either the umnotched or
notched condition. The fatigue date for the unnotched comdition, for all
stress retios and life times at all tewperatures, are sbove the modified Good-
man stralght line, which can be expressed as:

Sa=1.-5m
Se Sc

Sz is the allowable alternating stress for specified lifetime or number of
cycles and for specified mesn stress S;. S¢ is the experimental fatigue strength
at the same 1life time for completely reversed stressing. Sq is the experimental
statie creep-rupture strength (or tensile strength at room temperature) for
specified lifetime converted to hours. The data at 1000° ¥, is the farthest
above the line. These results are an indication of ductility and show that

the allowable stresses obtalred by the use of the modified Goodman line are
conservative for these cgnditions., For the notched condition the data =t all
temeratures for 15 x 10° cycles are on or sbove the modified Goodmen line,
elthough closer to the line than for the umnnotched condition. ¥Yor higher

stress levels the notched data fall below the line in some instances.
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T et g e

In Figures 24 to 37 stress range disgrems (alternating versus mean stress)
for unnotched end notched conditions sre presented. The disgrams reveal that
the mean stress is more effected by temperature than the alternatine, This
effect is more distinet in the unnotched then in the notched condition ad more
at low thah at the high stress level. For the notched condition the curves
display an extreme flatness, especially at the low stress level, and even & cop-
cavity for all temperatures except for 1000° F., which indicates that a small
increase of the dynamic load greatly reduces the mean load carrying capacity
at the low stress level or region of large number of cycles,

In Figures 34 and 35 plots are made of the motch sensitivity ,q', as
function of life or stress level for the two different stress ratios A = w
and A =1, It is indicated that at all temoeratures, but room temperature and
600°F, for the stress ratio A = «, the notch sensitivity displays a mexi
at = stress level correspondine to a number of cycles between 109 and mg:un The
highest values of notch sensitivity were found at 600°F. except for the high-
est stress level, where the notch sensitivity was higher at g00°, PFigure 36
demonstrates the influence of stress ratio on notch sensitivity at different tem-
peratures. The trend is decreasing notch sensitivity with decreasing stress
ratio at all temperatures tested with the exception between A = @ and A = 1
at 1000° F. The pesk of notch sensitivity is indicated at stress ratio A = o
for all temperatures except for 1000° F,

In Figures 37 end 38 a few creep-time disgrams are presented, which were
selected to demenstrate the mein properties found and to show the two different
characteristic creep curves, which we shall call the static tyre and the dyna-
mic type. They are dependent on ratio of alternating to mean stress, magnitude
of mean stress, and temmerature. The static tyve is similar to the normal creep
rupture curve and leads to the typical creep rupture failure, whereas the
dynamic type wroduces comparatively little creep in the second stage and practi-
cally no third stage creen at all., It leads from the second stage of creep sbruptly
to the typical faticue type failure.

Figure 37 demonstrates the changeover in characteristic of the
Creep~-time curve from static to the dynamic type for 1000° F, The creen-time
curves for five mean stresses are plotted and it is seen that the change is
from the normal static tye (or creep-rupture) as Sp = 53,000 psi to the
comoletely dynamic type {or fatigme), This e of stress extends from static
loading (A = 0) to completely reversed 10ad.i;gn%A = o). The creep curves for
Sp = 50,000, Sy = 42,000 and Sy = 34,250 psi show combinations of static and
dynamic characteristics in varying desrees. Between Sm = 54,000 and Sp = 42,000
pel there is a change from mostly static to mostly dvnamie characteristics,
88 the curve for A = Q.26 has a third stace creen, while the curve for 4 = 0,85
has no third stage and shows the dynamic tyne of failure. This dlagram indi-
cates that creep is highly dependent on mean stress rather than on maximum stress,

'AIC TR 52-325 Pt 1 6



At low temperatures the effect of mean stress is different in that the type of
creep characteristic does not change until the stress is close to the yield
polnt., This effect of temperature is due to the different types of stress-
strain diagrams at different temperatures, as seen in Figure 5. The change
from dynamic type of creep curve towards the static tyre appears to start at
some constant ratio of stress to strain regardless of temrerature, From
here on higher mean stresses or lower stress—ratios mroduce a creep diagram
rather similar to the static creep curve. This indicates that down to &
certain stress-ratio as well as up to a certain temperature, fatigue contri-
butes most to cycles or time to failure, beyond this region creep is increas-
ingly of more influence than fatigue. The change from dynamic towards static
type of curve is more rapid at low temperatures because the stress-strain
ratio changes suddenly, as seen by the sharper knee in the room temrerature
stress-strain curve,

This effect of temperature is seen in Figure 38 where two creep-time curves
of two stress-ratios each for room temperature and 1000° F. are plotted, The
change from low to high mean stress (from high to low stress-ratio) at room
temperature does not ceuse any change in characteristics, wnile at 1000° ¥,
the creev curve changes from dynamic to static tywe., No tnird stage of creep
is noticeable at room temperature, but at 1000° ¥, » ONO is present similar to
a normal static creep diagram., For the stress-ratic A = 1.0 only very little
difference in minimum creep-rate amd no third stage of creep was found at
either temperature,

The ratio of minimum creep rate at different temperatures for inatance for
room and 1000° ¥, corresponds apgroximately with the ratio of plastic strain
in the stress-strain diagzrams at the respective points of stress.

A certain relation beiween characteristics of the creep diagrams and the
type of fracture could be found. Although grain boundaries are very difficult
to detect in S.A.E. 4340 steel and only a limited number of dynamic creep
diagrzms are available, the following trends have been noted:

(1). The dynamic type of creep disgram seems to correspond with a
transgramilar fracture at all temperatures and in some cases with pertly
transgramilar and partly intergranular fracture dependent upon stress-ratio,

(2). The static type of creep diagrsm, when in conjunction with a
great amount of strain (necking of the specimen) at room temperature, indicated
- transgranmular fracture, but with decreasing strain and increasing temrerature
an intergranular fracture is more likely to occur, However, this question
neads further investigation and this has been initiated, Because of the diffi-
culty in locating the grain boundries in S.A.B. 4340 stesl, it has been
decided to continue the fracture studies on a titarium alloy, where grain
boundaries are much easier to detect.

In Figure 39, a fatigue fracture is shown with g spherical inclusion
of an aluminum oxide-silicate composition in center (see page 5).. These
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B e i idiod

inclusions were found occasionally during this investi ation., When vresent
they were always the nucleus for the fatigue failure, which expanded radially
to & circular area. The size of this circular arez devended upon the stress
ratio. The remaining area failed statically. These larye size inclusions,
which in some cases were found to be 0,003 inch in diameter, were discovered
undamaged only in O to maximum loading or in creep-rupture and only at ele-
vated temperatures in the unnotched condition. In other tests the inclusions
were no longer svherical, but were broken up, Specimens which were found to
have large size inclusions are marked in Figure 6 and snow considersble reduc—
tion in fatigue strength. Microexamination of the svecimens made by the
metallurgical laboratory of the Renublic Steel Corporation revesled some fine
dispersed globular nommetellic inclusions throughout the matrix of the sleel.
In the petrographic examination,the inclusions proved to be carborundum (A1203)
crystels with silicate glass corresponding most likely to anorthite, a
Ca0-A1203-5102 composition, which is vrobebly a deoxydation oroduct rather
than a oroduct of refractory erosion. It had to be expected, thet besides

the great reduction in fatigue csused by the large size inclusions, the results
of the whole investication would be unfavorably influenced by smsller size
inclueions. Check tests with supposedly clean material, submitted by Republic
Steel Corporation especially for this nurpose, revealed nerligible influence
in this respect, However, in a few specimens of this meteriz), submitted by
Republic Steel Corporation, small inclusions of the same appearance were
found, which may indicate that the SAE U3HO steel in gemeral is permiated

by this composition. The effect of the inclusions on fatigue increased with
temperature. At roam tempersture and at 600° F, all svecimens failed within
the normal scatterband and no large size inclvsions were found present in the
fracture ares. At 800° and 1000° F. specimens found to have inclusions in

the fracture area feiled for below the normal sceztterbsnd.

It is realized that, even at about the same herdness, treatments for
4340 steel other than quenched and tempered may oroduce better high temper-
ature properties such as at 1000° F. and higher. The following data on Lzh0 steel
exemplify this:

NCRMALIZED *(5) OIL QUENCHED AND
: TEMPERED
Tested at room | Tested at | Tested at room | Tested at
temperature 1000° F, temperature 1000° F,
Tenslle strength, psi 168,000 ,000 158, ‘80, 700
Yield strength, 0.2 106,000 22500 1%,9588 62-.{600
of fset
Creep-rupture strength, :
at 100 hours, psi 4&,000 20, 000**
Elongaticn, % in 4D 14 18 15 s

**120 hours

*First Treatment: N. at 1750 F. + T, 2 Hrs, at 1200° F,
Second Treatment: N. at 1750° F.

Specimens cut from turbine 3isk.

WAIC TR 52-325 Pt 1 8



CONCLUSIONS

1. Within the temperature range invesiiwaied the unnotched fatigue
strength decreases as the temperature increzscs at all stress levels and
stress-ratios, The notch sensitivity is dependent upon temperature, stress
level and stross-ratic, but no generslly valid correlations were found. The
highest notch sensitivities of all temperatures investigated are at 600° F.

While for low stress levels, the notch gensitivities at 800° F, and 1000° ¥,

are lowsr than at room temperature =~nd 600° F., the sequence changes with increas-
ing stress level, and the highest notch sensitivity is at 800° ¥, Also, the
influence of temperature on rotch sensitivity decreases in genersl for all
temperatures with increasinz stress level,

2. Creep is more dependent uvon mean stress than ucon maximum stress.
The failure characteristics ~hange from pure fatigue to pure cresp as the
stress ratio decreases from A = 0o to A = Q at elevated temperatures. Two
distinct types of creep-time diagroms are obt-ined for high and low stress-
ratios, The cause of this is seen in a study of fractures, wnich indicates
that at hign stress-ratios the fzilure is tramsgranular at all temperatures,
while at low stress ratios, the fsilure is intergranular at room temperature,
becoming transgrarular as the terperature increascs,

3. At elevoted tem-eratures creep occurs unéer dynamic loasding at all
stress-ratios exceot A = 00. At stress-rotio A = oo the ultimzte failure
is pure fatigue, but at all other stress-ratios the ultimate failure mey be
fatigue or creep devending upon the re.ative magnitude of the effects of
stress, temperature =nd time,

4, life st elevatad temperature fatigue is dependent not only on the
strass and number of cycles, but also on time, ore or less accordingz to stress-
ratio, This means, in selecting desizn stresses, two limitations must be
considered, fracture shall not occur ani the total deformation shall not be
axcessive,

5. The speed of loading (cyclic fresusncy) must be consicered at
elevated temoerstures since it cetermines the length of time in which craep
may occur,

WADC TR 52-325 Pt 1 9
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