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FOREWORD

This report was prepared by Martin-Marietta Corporation under
Contract NAS8-11300, for the George C, Marshall Space Flight Center
of the National Aeronautics and Space Administration. The work
was administered under the technical direction of the Propulsion
and Vehicle Engineering Laboratory, Materials Division of the

George C, Marshall Space Flight Center with W, B. McPherson act-
ing as project manager.
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ABSTRACT

The results of a one-year fatigue program that is supple-
mental to a previous contract are presented in this final report.

During the program the following aluminum stainless steel
and nickel structural sheet alloys were evaluated under the condi-
tions noted.

Aluminum Alloys Test Conditions
2014-Té6 Parent (R = 0.01), Notch (Kt = 8.0)
7039-T6 Parent (R = 0,01), Notch (Kt = 8.0)
7106-T6 Parent (R = -1.0, 0.01), Notch (Kt = 3.5), Weld
Stainless Steel
A-286 Parent (R = -1.0), Notch (Kt = 3.5), Weld
Nickel Alloys
Inconel 718 Parent (R = -1.0), Notch (Kt = 3.5), Weld
Hastelloy C Parent (R = -1.0), Notch (Kt = 3.5), Weld

Properties for these materials were determined at 70, =320,

and -423°F for fatigue life in the lO3 to 107 cycle range.

Data obtained from the final report of the previous fatigue
contract, NAS8-2631, are included in this report for comparison.

From an analysis of the complied test results, the following
materials appear to be satisfactory for cyclic service at cryo-
genic temperatures,

Aluminum Alloys Stainless Steel Nickel Alloys
2014~-T6 321 Inconel 718
2219-T87 - A-286 Hastelloy C
2219-T62
7039-T6
7106-T6

5456-H343
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L. INTRODUCTION

Selection of the proper materials for booster and space
vehicle systems that use cryogenic propellants is a challenge
because of the behavior of structural materials at low tempera-
tures. Routine mechanical properties, such as tensile and com-
pressive strength, modulus of elasticity, and ductility are
usually determined to assess the behavior of a candidate material.
Behavior under stress concentration and cyclic loading conditions
must also be studied to evaluate a potential material adequately.

Cryogenic literature reveals some data on the routine proper-
ties, but there is a significant lack of reliable information on
fatigue or cyclic loading. Cryogenic fatigue data on welded
material are virtually nonexistent, The experimental program
presented in this report was prepared to fill this requirement
for sound engineering data,

Fatigue tests can best be described by the method used to
apply loads. Repeated loading to both a constant-stress ampli-
tude and a constant-strain amplitude are used, With the first
method, direct axial loading is employed, and with the second,
plane or rotational bending techniques are used. For axial
testing, the entire cross section is uniformly loaded. Stress
is determined by load/area. In bending, the stress varies
throughout the cross section of the test specimen, from a maxi-
mum at the outer fiber through zero at the neutral axis, to a
maximum negative value at the opposite outer surface, With this
technique, stress must be obtained by calculating from the moment
formula, S = (Mc)/I.

Although these bending tests have been the most popular fa-
tigue techniques in the past, they are being replaced by the
axial-loading method because of certain disadvantages in bending.

As shown by the formula, bending stress is calculated with
the bending moment and section modulus., The bending moment, M,
is a function of the modulus of elasticity of the test material,
Accuracy of the stress calculation is, therefore, directly pro-
portional to the accuracy of the modulus value, Although moduli
of common engineering materials at room temperature are known,
there is little information in the literature on values at cryo-
genic temperatures.
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The endurance limit obtained by bending techniques may be as
much as 30% higher than values obtained by axial loading. Al-
though the reasons for this are not fully understood, certain
state-of-stress theories have been proposed, One explanation is
the possible development of favorable transverse stresses in the
elongated or compressed surface layers and an outer-layer resist-
ance to deformation caused by the underlying material during
bending load tests.

Another shortcoming of the bending technique is that when
plastic yielding occurs, stresses in the member cannot be readily
calculated. Even in tests performed in the elastic range, minute
localized plastic deformation may change the outer fiber stress,

There is a greater chance of failure from minor surface de-
fects in bending than in axial loading., These defects may also
create larger scatter with a limited number of specimens,

In calculating stress, the simple moment formula can be used
only on specimens free from holes, grooves, and outline or sur-
face discontinuities, such as weld beads, Therefore, to evaluate
the bending fatigue of welded specimens, it would be more desir-
able to machine the weld bead flush, However, this would detract
from the validity of the joint information since it eliminates
stress concentrations,

The axial loading method was selected for this program be-
cause of the superiority of the technique and its ability to
simulate anticipated structural loads., The axial-loading machines
use a rotating mass to apply a controlled dynamic load sinus-
oidally about a static-load level,

Tension/compression tests of sheet materials under axial
loading are not often performed, since these tests are normally
restricted to bar materials, Fortunately, the sheet gage se-
lected by NASA allowed complete reversal of stresses without
having to resort to the bending technique. The success of such
an approach depends on the flatness of the sheet products avail-
able, The aluminum, stainless steel, and nickel alloys used for
this research were sufficiently flat to permit fully reversed
Stressing,

Testing at liquid hydrogen temperature was conducted at the
Penver laboratories, All equipment was designed and constructed
at this location. Evaluation of fatigue properties at 70 and
-320°F was conducted at the Baltimore laboratories.
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The experimental program described in this report represents
the third year's effort of a program initiated in April 1962,
under Contract NAS8-2631, The results of the first two years'
research, conducted under the above contract, were reported in
Determination of Low-Temperature Fatigue Properties of Structural
Metal Alloys, Martin-CR-64-74, dated October 1964,

During the NAS8-2631 work, testing equipment was developed
and a fatigue evaluation of 11 materials was performed for various
specimen conditions at temperatures from 70 to -423°F, The work
performed during the current effort is a further study of several
materials previously investigated, plus evaluation of new composi-
tions,
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IT. MATERIALS AND TEST PROGRAM

Materials selected for evaluation in this program include
those that are being considered for structural service at cryo-
genic temperatures.

Material condition was selected to give the high strength
levels normally considered for aerospace construction. Specimen

test conditions used for this program were unnotched, notched,
and welded.

The materials selected for evaluation during the past year's
effort are listed in Table 1. Chemical analyses for these alloys
are given in Table 2.

Aluminum, stainless steel, and nickel alloys were welded with
the tungsten inert gas (TIG) process and automatic welding heads.
Table 3 lists details of the procedure used for each material.

All weld panels were radiographically inspected. The aluminum
panels exceeded the Class II requirements of MSFC Drawing
10509310. Weld quality approximated the requirements displayed
in the NASA specifications for Class I welds. Similarly, the
stainless steel and nickel alloys were of high quality.

The test program for the past year and a review of the pre-
vious work are listed in Table 4,

Table 1 List of Materials Selected for Experimental Program

Nominal
Thickness Heat
Alloy Base | Designation | Temper (in.) Producer Number
Aluminum 2014 -T6 0.100 Reynolds
Aluminum 7039 ~-T6 0.125 Kaiser
Aluminum 7106 -T6 0.125 Alcoa
Stainless 321 Annealed 0.090 Republic 3342058
Steel
Stainless A-286 Solution- 0.125 Eastern E-93432
Steel (AMS-5525) Treated Stainless Steel
Nickel Inconel 718 | Solution- 0.100 International HT-6509-E
Treated Nickel
Nickel Hastelloy C | Solution- 0.100 Haynes Division, CA-3648
Treated Union Carbide
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Table 3 Welding Procedure for Stainless Steel, Nickel, and 7106 Aluminum Alloys

Wire
Diameter Voltage Current Speed
Alloy Filler Wire (in.) ) (amp) (in./min)
A-286 Stainless Hastelloy W 0.062 11 90 6
Steel
Inconel 718 Nickelj 718 0.062 11 60 6
flastelloy C Nickel Hastelloy C 0.062 11.5 70 6
7106~T6 Aluminum X5180 0.096 13 110 18
Table 4 Test Program for Past Year
Test Condition
Unnotched Notehed
Material R=-1[R =0.,01 Kt = 3.5 Kt = 8.0 Welded
2014-T6 * + * + *
2219-T87 * - % - *
2219-T62 * -- % -— %*
7039-T6 * t * + *
7106-T6 t t t -- 1
5456-H343 * -- * -- %*
7075-T6 * - % - -
2020-T6 * -- -- - -
Ti-5A1-2.58n -- * % - %
Ti-6A1-4V -- * * - %
Ti-13V-11Cr-3Al -- * % - %
AISI 321 ¥ -- % - %*
A-286 t -- t -- t
Inconel 718 t -- + - +
Hastelloy C t -- + - +
*Work performed under Contract NAS 8-2631.
tWork performed under present Contract NAS8-11300.
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ITI. SPECIMENS

Tensile specimens were machined to specifications shown in
Fig, 1 and designed specifically for use with the multiple-link-
age system described by Keys (Ref 1).

Unnotched and welded fatigue specimens were machined accord-
ing to the sketch in Fig. 2a, Aluminum specimens were machined
to 0.375-in., gage width (A dimension), and stainless steel and
nickel materials to a gage width of 0,200 in, In contrast to the
usual fatigue specimen shapes, the specimen design incorporates
a straight-column test-gage section., A constant-width test sec-
tion was selected to permit proper evaluation of weld bead and
heat-affected zone in a short column length,

Notched specimens were machined according to specifications
in Fig. 2b., A notch depth of 33% was used., Notch specimens
were machined with an elastic stress concentration factor (Kt)

of 3.5 or 8.0, Stress concentration factors were calculated
according to the data of Peterson (Ref 2).
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IV, TEST APPARATUS, FACILITIES, AND TEST PROCEDURE

A, TEST APPARATUS

The fatigue test apparatus used for this work is described in
Ref 3 and 4, A cutaway view of the cryostat assembly is shown in
Fig. 3. The design incorporates a vacuum-insulated, double-walled,
stainless steel container with a tubular loading stem that passes
through its central axis. Another tubular loading stem passes
through the cryostat lid. The test specimen is gripped between
these two stems. The cryostat mounts on the reciprocating platen
of the test machine and moves with the platen while the lid, with
the liquid supply line, vent line, and instrumentation support
attached, remains fixed to the machine head frame,

A detailed discussion of alignment and assembly is given in
Ref 3,

B. FACILITIES

Photographs and detailed discussion of the facility for liquid
nitrogen and liquid hydrogen testing are in Ref 3,

C. TEST PROCEDURE

Procedure for tension and fatigue testing is the same as pre-
viously described for the work performed under Contract NAS 8-2631
(Ref 3).
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Fig. 3 Cutaway View of Cryostat Assembly Mounted

Testing Machine

in Fatigue-
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V. EXPERIMENTAL RESULTS

Tension testing at all temperatures and liquid hydrogen fa-
tigue testing were performed at the Denver facility. Fatigue
testing at room and liquid nitrogen temperatures was performed
at the Baltimore Division.

A, TENSION TESTS

Tension tests were performed at 70, -320, and -423°F to pro-
vide data on ultimate strength, yield strength, elongation, mod-
ulus of elasticity, notch strength, and weld strength,

Triplicate tests were performed for each condition. Results
of these tests are shown in Fig. 4 thru 15, Detailed test data
are given in Appendix A, Data from Contract NAS 8-2631 are in-
cluded with the current data to provide complete property infor-
mation for the entire 3-yr effort. ‘

B. FATIGUE TESTS

Fatigue tests were performed to provide S-N diagrams at 70,
-320, and -423°F. A stress ratio (R) of -1 was used for all
aluminum, stainless steel, and nickel alloy specimens, The
titanium specimens were not sufficiently flat to permit fully
reversed stressing and were tested under tension/tension loading
at a stress ratio of 0.01., In addition, three of the aluminum
alloys (2014-T6, 7039-T6, and 7106-T6) were also tested at a
stress ratio of 0.01 to provide sufficient data to determine
the effect of stress ratio.

Notched specimens containing an elastic stress concentration
factor (Kt> of 3.5 were tested, To determine the effect of notch

sharpness on fatigue behavior, two aluminum alloys (2014-Té and
7039-T6) were also evaluated with a sharper notch, Kt = 8.0.

Fatigue test results are given in Fig. 16 thru 53. Circles
are used to denote data points of specimens tested for the first
time. Discontinued specimens are identified by an arrow extend-
ing to the right, Re-runs of discontinued specimens are shown by .
square symbols, Detailed tabular presentations of these data are ‘
given in Appendix B. Data from Contract NAS 8-2631 are included

to provide complete property information,
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VI. DISCUSSION OF RESULTS

A, ALUMINUM ALLOYS

Of the seven aluminum compositions used in this study, five
are being used or have been considered for cryogenic service,
These alloys are 2014, 2219, 7039, 7106, and 5456, The other two
compositions, 2020 and 7075, have not been considered primarily
because they are nonweldable grades. In addition, the 7075 ex-
hibits poor toughness characteristics at cryogenic temperatures,
However, these last two compositions were included in the study
for comparison.

1, Tension Properties

The mechanical properties of the 2014-T6 and 2219-T87 alloys
(Fig. 4 and 7, respectively) are similar and in substantial agree-
ment with the data of others (Ref 3 and 4). These alloys are
characterized by a greater temperature dependence of strength
from -320 to -423°F than from 70 to -320°F, Yield and weld
strengths show a relatively constant rate of increase with de-
creasing temperature, Elongation increases approximately 50%
from 70 to -423°F, The principal difference in properties of
these alloys is the significantly lower yield strength in the
2219-T87 alloy. The notch strength ratio values are quite high,
However, most aluminum alloys exhibit good notch toughness with
the relatively low stress concentration factor (Kt = 3.5) used

for this work.,

The 7039-T6 (Fig, 5) exhibits the characteristic increases
in unnotched tension properties observed for the 2014 and 2219
alloys. Notch properties are also similar, Unlike the 2014 and
2219 alloys, weld strength does not increase significantly with
decrease in temperature.

The behavior of the 7106-T6 alloy (Fig. 6) is almost identi-
cal with that of the 7039-T6 alloy for parent metal and notch
properties, Weld strength properties are higher than for the
7039-T6, Weld strength decreases slightly from -320 to -423°F,
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The 2219-T62 alloy (Fig. 8) exhibits significantly lower
strength, particularly yield strength, than the 2219-T87 composi-
tion. This difference results from the absence, in the 2219-T62
temper, of postsolution heat treatment straining used to achieve
additional aging response in the 2219-T87 temper., Ductility in-
creases with reduction in temperature, as in the 2014-T6 and
2219-T87 alloys. Weld strength is comparable to that of the
2219-T87., Notch toughness is maintained at high levels down to
-423°F,

The 5456-H343 alloy (Fig. 9) exhibits approximately 20% lower
ultimate strength than the 2014-2219 alloys. The ratio of yield/
ultimate strength is rather low. Elongation is relatively inde-
pendent of temperature. At 70 to -320°F, weld strength increases,
but then decreases with further temperature reduction, This de-
crease in weld strength and flat ductility curve suggests loss of
toughness at low temperatures, The notch data show good retention
of toughness down to -423°F, However, the stress concentration
(Kt) is not great, Results of other studies (Ref 3 and 5) using

sharper notches (Kt = 6.3—8) have shown lower toughness for this

alloy at -423°F than for the 2000 series alloys.

The 7075-T6 material (Fig. 10) shows evidence of the onset of
brittle action at -423°F, Ultimate and yield strengths flatten
out between -320 and -423°F, Elongation is relatively independent
of temperature, Notch tests show a moderate loss of toughness
with reduction in temperature. Data obtained by Christian and
Watson (Ref 6) using a sharper notch show a significant loss of
toughness at low temperatures.

The 2020-T6 alloy (Fig. 11) shows very high strength pro-
perties. Room temperature ultimate strength is equal to the
strength of 5456-H343 at -423°F. Although this composition is
expected to exhibit poor toughness at cryogenic temperatures,
the limited evaluation is not sufficient to detect such behavior.
Tensile ductility increases to approximately 10% at -423°F.

Modulus data for the seven alloys are given in Fig. 54. Room-
temperature results are slightly lower but agree within 4% with
data obtained from the Aluminum Association and from producers.
Published data are compared with the experimental data tabulated
on page 66,
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6 .
Modulus of Elasticity (10 p51)

Alloy Experimental Published
2014-T6 10.6 10.6
2219-T87 10.5 10,6
2219-T62 10.2 10,6
7039-T6 10.0 10.1
7106-T6 10.1 10.3
5456~H343 10.2 10.3
7075-T6 10.2 10.4
2020-Te6 11.1 11.3

The highest modulus material is the 2020 composition, When
introduced, this composition was reported to exhibit a 10% im-
provement over existing alloys. However, subsequent study showed
it to be approximately 5%, Nevertheless, this level is still
higher than almost all other aluminum alloys.

There are insufficient reliable data in the literature to
confirm the cryogenic modulus data.

2, Fatigue Properties

Fatigue data for the aluminum alloys are presented in the
figures and tables listed in the following tabulation,

Unnotched Notched Welded
Material Figure Table Figure Table Figure Table
2014-T6 16, 17 | B-1, B-2 |18, 19 B-3, B-4 20 B-5
7039-T6 21, 22 | B-6, B-7 (23, 24 B-8, B-9 25 B-10
7106-T6 26, 27 | B-11, B-12|28 B-13 29 B-14
2219-T87 30 B-15 31 B-16 32 B-17
2219-T62 33 B-18 34 B-19 35 B-20
5456-H343 36 B-21 37 B-22 38 B-23
7075-T6 39 B-24 40 B-25 -- -
2020-T6 41 B-26 -- -- - -
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a, 2014-Té6

The unnotched 2014-T6 alloy for a stress ratio (R) of -1%

exhibits increased strength for 106 cycle life of approxi-
mately 300% with reduction in temperature from 70 to -423°F,
As noted for static behavior, strengthening is greatest
between -320 and -423°F. The fatigue ratiot increased
from 0.23 to 0.48 with reduction in temperature. The
curves obtained at 70 and -423°F were significantly
flatter than the -320°F curve, which showed a slight

knee. Although the reason for this is not known, "a

slight misalignment may be responsible. Testing on
similar aluminum alloys at -320°F during the second

year's effort did not show this behavior. Alignment
accuracy achieved during the second year is believed
superior to that attained during the first year.

Unnotched 2014-T6 tested in the tension-tension range

(R = 0,01) showed a strength increase for 106 cycle life
with reduction in temperature similar to that shown for
the R = -1 condition., Strength levels were 150 to 200%
higher than similar tests conducted under fully reversed
stressing. A modified Goodman diagram constructed from
the data obtained for the two stress ratios is given in
Fig. 55, At 70°F, the stress amplitude (Sa) appears to

be virtually unaffected by the presence of a mean stress
(Sm), However, at -320 and -423°F, the characteristic

decrease in stress amplitude with increasing mean stress
is observed, At -423°F, the Goodman diagram shows an
almost linear decrease of the fatigue life curve,

*Unless otherwise noted, all fatigue tests are for stress
ratio (R) = -1,

SN (fatigue strength at N cycles)

tFatigue ratio =
& Su (static tensile strength)
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Notch fatigue testing at two stress concentrations
(Kt = 3.5 and 8.0) showed similar S-N diagrams. At 70°F,

the curves for the two Kt levels were almost coincidental.

Test results obtained at -320°F also showed coincidental
curves, At liquid hydrogen temperature (-423°F), the curve
for the sharper notch (Kt = 8.0) was slightly lower than

observed for the milder notch (Kt = 3.5); however, the

difference was small, The notch strength values were sig-
nificantly lower than those -obtained for the unnotched
condition, The fatigue notch factor (Kf)* was rather poor,

particularly with reduction in temperature, At room tem-
perature, the fatigue notch factor was less than the elas-
tic stress concentration factor (Kt). This agrees with

theory and published results, However, at cryogenic tem-
peratures, Kf increases and in a few cases actually ex-

ceeds Kt' The significance of this will be discussed

later, Note also that Kf increases with number of cycles
M.

Welded joints also show a loss of strength compared to

the unnotched material, However, comparing the 70°F
static 2014-T6 weld joint efficiency (80%) with the ratio
of weld fatigue strength/unwelded fatigue strength (69%),
a very good retention of weld strength under dynamic load-
ing is evident., At cryogenic temperatures, a marked de-
crease in this strength ratio is noted,

*Fatigue notch factor (Kf) =

_ fatigue strength of unnotched specimens at N cycles
fatigue strength of notched specimens at N cycles
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7039-T6

The unnotched 7039-T6 composition shows a significant

amount of strengthening between 70 and -320°F in the 103

5
to 107 cycle range under fully reversed stressing, but

minor strengthening from -320 to -423°F, However, at 10
cycles the -423°F curve flattens out and a greater

6
strengthening is noted. The fatigue ratio (10 cycles)
is excellent over the entire temperature range, increas-
ing from 0.31 at 70°F to 0.43 at -423°F,

Unnotched tests in the tension-tension range (R = 0,01)
were similar in shape to those performed under fully re-
versed stressing. Strength levels were approximately
150% of the R = -1 levels. Figure 56 gives a modified
Goodman diagram obtained for the two stress ratios., Un-
like the data for 2014-T6 at 70°F, the Goodman diagram
shows a decrease in stress amplitude with increasing
mean stress component,

Notch fatigue testing at two stress concentrations

(Kt = 3.5 and 8.0) showed almost identical S-N diagrams.
The Kf factors at room temperature showed a significant
loss of strength due to a notch, Reduction in tempera-
ture resulted in even further loss of notch strength

6
compared to unnotched properties, At 10 cycles for the

Kt = 3.5 specimens (both -320 and -423°F), the Kf value

was slightly above the calculated Kt' As noted for pre-

vious alloys K_. showed a general increase with number of

£
cycles,

Testing of welded specimens reveals the principal
strengthening occurs between 70 and -320°F, as in the
parent metal tests. Only minor strengthening occurs
from -320 to -423°F, The fatigue ratio increases from
0.19 to 0.37 with lowering of temperature,
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7106-T6

Fully reversed stressing tests of unnotched 7106-T6
aluminum showed a significant amount of strengthening
between 70 and -320°F, Further temperature reduction
from -320 to -423°F produced no additional strengthening.,
The fatigue ratio increases from 0.2l at 70°F to 0.47 at
-320°F and then decreases slightly to 0.45 at -423°F,

Tension-tension fatigue tests (R = 0,01) show curves
similar in shape to those obtained at R = -1, but
strength levels are somewhat higher for the tension-
tension condition., Tests performed at -320°F exhibited
significant strengthening over the 70°F data, particu-
larly at the high cycle end of the curve., Fatigue data
obtained at -423°F showed further strengthening in the
low cycle range, but properties similar to those in the

-320°F curve in the 106 cycle region. A modified Goodman
diagram constructed from the above results is presented
in Fig. 57.

Notch fatigue testing was conducted only for the milder
notch condition (Kt = 3.5). The K_ values at 70°F were

f
low, Decreasing temperature caused only a slight in-
crease in Kf. The fatigue notch factors for the alloy

at -423°F were the lowest of any aluminum composition
evaluated in both the current and previous study,

Weld strength data obtained at 70 and -320°F showed a
significant amount of scatter, However, the 70°F re-
sults appear to be slightly lower than noted for other
aluminum compositions, The cryogenic weld fatigue prop-

erties appear to be consistent with other aluminum alloys.
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2219-T87

Unnotched specimens of 2219-T87 alloy show behavior similar
to that of the 2014-T6 except that a higher fatigue strength

at 70°F (106 cycles) is observed. The fatigue ratio is the
highest obtained at room temperature for all the aluminum
alloys evaluated, The increase in fatigue strength with re-
duction in temperature is not quite 200%, somewhat lower
than the 2014-T6 value, As a result, the fatigue ratio at
lower temperatures is not the best of the series, The 2014-
T6 alloy, which has similar static strengthening, exhibits

a higher fatigue ratio at -423°F, A decrease in fatigue
ratio is indicated at -320°F; however, the magnitude of

this decrease is not known because of the uncertain fatigue

strength at 106 cycles,

The knee at -320°F is apparent, but somewhat flatter than
found in the 2014-T6, The portion of the curve for fatigue

life exceeding 105 cycles is presented as a spread band
because of conflicting data points. The lower portion of
the band gives a strength level lower than attained at 70°F,
The upper stress level, 25,000 psi, is closer to the antici-
pated strength based on comparison with data for similar
compositions.

The results of notch fatigue tests (Kt = 3.5) show behavior

almost identical with the 2014-T6 alloy. The strengthening
with reduction in temperature at the lower cycle portion of
the curve is even less noticeable than for 2014-T6, The

fatigue notch factor (Kf) increased from 2.8 to 5.0 (above

6
the Kt value) with decreasing temperature at 10  cycles,

At 103 cycles, an insignificant increase from 1.6 to 1.8
is noted,.

The weld behavior is characterized by similarly flat curves
showing major strengthening between -320 and -423°F, The

fatigue strength at 70°F (106 cycles) is similar to the
value for 2014-T6, but superior at -423°F, The fatigue

. 6
ratio (10 cycles) increases from 0,20 to 0,28 as temper-
ature is lowered,
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2219-T62

As anticipated, 2219-T62 exhibits slightly lower unnotched
fatigue strength properties than its companion material,
2219-T87. This small decrease is approximately propor-
tional to the lower static strength of the -T62 material,
The knee observed for 2219-T87 and 2014-T6 at -320°F was
not apparent in this test series conducted during the
second year. Curves at all three temperatures were rather
flat, and quite similar in shape, The fatigue ratio was
almost identical to the 2219-187 data. Unlike the data
for the previous alloy, where the magnitude of the de-
crease in fatigue ratio was uncertain, this series shows

a decrease of approximately 10% at -320°F,

Notch fatigue tests (Kt = 3.5) showed strengthening with

reduction in temperature at 10° cycles. The curves con-
verged rapidly and showed little temperature dependency

of strength from 104 through 106 cycles, The notch factor
(Kf) at 106 cycles increases from 2.4 to 4,1 (slightly

above the Kt value) with decreasing temperature,

The behavior of welded specimens agreed extremely well
with that observed for the 2219-T87 specimens, Strengths

at 106 cycles for each temperature agreed within 2 ksi,
The shapes of the corresponding curves were very similar,
This behavior is expected, since the static weld behavior
of as-welded 2219 is essentially independent of temper.

The 106 cycle strength values of -T62 and -T87 at -423°F
were the highest attained in the aluminum weld studies,

5456-H343

The behavior of unnotched 5456-H343 is characterized by
the -320°F knee observed during the first year's testing.

The strength values at 106 cycles for all temperatures
are similar to those obtained for 2014-T6, The fatigue
ratio increases from 0,28 at 70°F to 0.53 at -423°F, The
-423°F value is the highest attained in the testing of
unnotched aluminum alloys. Although the -423°F fatigue
strength is similar to that found for 2014-T6, the static
strength is significantly lower; hence, the superior fa-
tigue ratio,
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Notch fatigue test results for the mild notch (Kt = 3.5)

showed rather good retention of properties at 70°F as

evidenced by a low K. value. At -320°F, the K. values

were quite high, even for the short cycle tests, The

loss of notch properties at -320°F was worse than that
observed at -423°F, No reason for this anomalous be-

havior is apparent.

Testing of welded material showed similarly shaped flat

curves for all temperatures, Strengthening at 106 cycles
was greater between -320 and -423°F than from 70 to -320°F,
The fatigue ratio was constant at 0,22 for both 70 and
-320°F and then increased to 0,42 at -423°F for all alu-
minum alloys evaluated.

7075-T6

Unnotched fatigue behavior of this composition was char-
acterized by similarly shaped, steep curves. The strengths

at 106 cycles were among the lowest obtained, The fatigue
ratios at 70 and -320°F were the lowest found in this
study, At -423°F, the fatigue ratio (0.40) corresponded
to the value obtained for the tougher 2000 series alloys.
However, a study of the static tensile results shows a
flattening of the tensile strength between -320 and -423°F
that suggests the onset of brittle behavior, Therefore,
with little static property strengthening, the fatigue
ratio can be deceivingly good,

Notch fatigue tests with a Kt of 3.5 showed good reten-

tion of strength at 70°F, as evidenced by low K_ values,

i

However, at -320 and -423°F, the Kf values were at or

above the level of the theoretical stress concentration
factor, suggesting severe loss of notch toughness,

2020-T6

The unnotched 2020-T6 alloy showed strength values com-
parable to the 5456 composition, However, because of the
much higher static tensile properties, 2020-T6 exhibits
relatively high fatigue ratio values, The knee at -320°F
is typical of other aluminum alloys tested during the
first year.
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Comparison of Results

A summary of unnotched test results is presented in
Table 5, This table presents the fatigue strength and

6
fatigue ratio at 10 cycles for each material in the
parent metal and welded condition, A bar graph presen-
tation of the data is given in Fig. 58.

The data for the unnotched parent metal tests show that
the two 2219 compositions and 7039-T6 exhibit the highest
fatigue ratio at room temperature, At -423°F, the 2014-
T6 and 5456-H343 are superior. The 7039-T6 and 7106-T6
exhibit fatigue ratios of slightly lower level while the
2219, 7075, and 2020 compositions have the lowest ratios
at -423°F.

The data for welded alloys show that the 2219-T62 exhib-
its the highest 70°F fatigue ratio. At -423°F, both
2219-T62 and 5456-H343 exhibit the best behavior,

The notch data are summarized in Table 6 and Fig. 59.
Several interesting trends are apparent from these re-
sults, According to fatigue theory and most experimental
data, the elastic stress concentration factor (Kt) for

structural materials exceeds the fatigue notch factor
(Kf). When Kt = Kf, the material is as brittle as theo-

retically possible, A review of the room temperature

data shows that Kf is always lower than Kt‘ With reduc-

tion in temperature, the K_ value for a given number of

£
cycles increases, In several cases, particularly at
-423°F, the Kf value is equal to or in excess of the Kt'

This suggests that notch fatigue specimens become more
brittle with reduction in temperature, which agrees with
our understanding of cryogenic mechanical property be-
havior,

The anomalous behavior of Kf exceeding Kt is difficult

to explain. Two possibilities exist for the explanation
of this phenomenon. The first is that the theory does
not apply for extremely low temperatures, The second is
that the test method is not completely adequate to study
the specific problem,
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Table 5 Comparison of Unnotched Fatigue Properties for Aluminum Alloys¥

Material Temperature R Parent Metal Welded
(°F) Stress Fatigue Stress Fatigue
(ksi) | Ratiot (ksi) Ratiol
2014-T6 70 17 0.24 11 0.20
-320 -1.0 25 0.29 17 0.26
-423 47 0.48 19 0.27
70 31 0.44 -- --
-320 0.01 47 0.55 -- --
-423 63 0.65 -- --
7039-T6 70 20 0.31 9 0.19
-320 -1.0 31 0.40 18 0.34
-423 40 0.43 22 0.37
70 33 0.51 -- --
-320 0.01 48 0.61 -- --
-423 64 0.67 -- --
7106-T6 70 13 0.21 8 0.15
-320 -1.0 37 0.47 21 0.34
-423 42 0.45 20 0.34
70 21 0.34 -- --
-320 0.01 50 0.63 -- --
-423 52 0.56 -- --
2219-T87 70 22 0.33 10 0.20
-320 ~1.0 17 to 0.22 to 14 0.22
25 0.29
-423 40 0.40 24 0.28
2219-T62 70 19 0.32 12 0.26
-320 -1.0 22 0.29 16 0.29
-423 37 0.38 26 0.42
5456-H343 70 16 0.28 11 0.22
-320 -1.0 26 0.36 13 0.22
-423 43 0.53 23 0.42
7075-T6 70 15 0.19 -- -~
-320 -1.0 22 0.22 -- --
-423 40 0.40 -- --
2020-T6 70 18 0.22 -- --
-320 -1.0 23 0.24 - --
-423 41 0.36 -- --

7":N = 106 cycles.
SN (fatigue strength at N cycles)

+ , .
Fatigue ratio = .
& Su (static tensile strength)
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Table 6 Comparison of Notched Fatigue Properties for Aluminum Alloys

* T
Material Temperature K¢ Fatigue Strength Kf
(°F) (ksi)
104L 105 106 104 105 lO6
2014 -T6 70 3.5 22.0112.5 8.5 2.2 2.3 2.0
-320 22.011.5 10.0 2.6 3.5 2.5
-423 27.0115.0 7.5 2.4 3.7 5.9
70 8.0 20.5112.5 6.0 1.6 1.6 2.7
=320 22.5114.0 8.0 2.6 2.9 3.1
-423 22.5112.5 7.0 2.9 4.4 6.7
7039-T6 70 3.5 17.0 9.0 7.0 2.3 2.9 2.9
-320 23.04111.0 7.0 2.5 3.7 4.4
=423 21.0112.5 9.0 2.9 3.6 4.4
70 8.0 21.0 | 10.5 5.5 1.9 2.5 3.6
-320 25.0 ] 15.2 10.7 2.3 2.7 2.9
-423 26.6 | 18.0 11.5 2.3 2.5 3.5
7106-T6 70 3.5 21.0110.0 5.5 1.7 2.3 2.4
-320 26,01 15.0 11.5 2.4 3.3 3.2
=423 27.0 | 17.5 14.0 2.3 2.7 3.0
2219-T87 70 3.5 20.0111.0 7.5 2.1 2.7 2.9
-320 20.0( 11.0 7.0 2.2 3.0 2.4 to
3.6
-423 20.5 | 14.5 8.0 2.5 3.6 5.0
2219-T62 70 3.5 21.51]13.0 7.5 1.5 1.8 2.5
-320 30.5 1] 10.0 6.5 1.3 2.4 3.4
-423 21.014} 13.0 9.0 2.6 2.4 .1
5456-1343 70 3.5 18.5 | 11.0 8.0 1.9 2.3 2.0
-320 13.0 8.0 5.0 3.8 4.1 5.2
-423 19.01} 14.5 10.0 2.8 3.1 4.3
7075-T6 70 22.0| 13.5 9.0 [2.09 {1.73 1.70
-320 3.5 17.0 9.5 5.0 |3.32 [4.04 4.46
=423 19.6 ] 12.8 10.6 | 3.68 [4.31 3.60
*
Kt = stress concentration factor.

t Fatigue notch factor (Kf) =

(fatigue strength of unnotched specimens at N cycles).
(fatigue strength of notched specimens at N cycles)
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Most fatigue testing is performed under more ideal condi-
tions of specimen preparation and alignment, The polished
round bar specimen would be expected to give somewhat more
consistency than the sheet gage specimen because of the
ability to machire more accurate notches, Although great
pains are taken to insure freedom from eccentricity, the
axial loading of sheet material will inherently be less
precise in alignment than the fully reversed bending method
or axial loading of round bars, Therefore, with increased
brittleness at low temperatures, statistical variations

in test results would explain the cases where Kf exceeds
K, .

t

In an attempt to resolve the question of whether our method
was sufficiently accurate, six room temperature tests were
conducted in the cryostat to determine whether test re-
sults obtained in the more complicated cryostat arrange-
ment would reproduce data obtained during the test program
at room temperature using simple grips, Results showed
that the data points fell within this scatter band of
prior data, Therefore, it appears that the cryostat does
not give results of lower quality than those obtained in
the conventional manner using the selected sheet gage
specimen, Without additional research, it is impossible

to determine whether Kf exceeding Kt has a rational theo-

retical basis, A simple series of experiments could be
performed to shed more light on the subject, This would
consist of modifying the specimen grip to accommodate
polished round bar specimens, Evaluation of several alloys

in the 10° cycle range and 70 and -420°F should show
whether inadequacies in the test method were the cause of
the anomalous behavior.

It was also noted that Kf shows a general increase with

number of cycles., This suggests that the high-stress,
short-time tests cannot be used to predict long-time be-
havior in the presence of stress raisers.

Another observation was that the sharper notch (Kt = 8.0)

did not cause any significant loss of toughness above
that caused by the milder notch (Kt = 3.5). As a result,

Kf was significantly lower than Kt for the two alloys

evaluated with both notch acuities,
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Fractured Specimens

Testing under axial loads and fully reversed stressing
does not leave much of a surface to study after fracture.
The rapid pounding of the mating surfaces immediately
after fracture destroys a great deal of the surface evi-
dence, However, some observations have been made.

The 5456-H343, 7075-T6, 7039-T6, and 7106-T6 unnotched
parent metal fatigue specimens tested at cryogenic tem-
peratures appeared laminated, in addition to the charac-
teristic smooth fatigue surface. This appearance was

also noted in the 5456-H343 and 7106-T6 room temperature
specimens, The laminations probably open up after failure
as a result of the hammering action. This behavior is
typical for the strain hardened 5456 alloy even in static
tension failure, but is not observed for the 7000 series
alloys in tension,

The other parent metal aluminum alloys exhibited the
flat, smooth, conchoidal appearance typical of fatigue
failures,

Weld fractures initiated at the edge of the weld bead.
Notch specimens appeared similar to the unnotched parent
metal specimens,

Results of Other Studies

Extensive room temperature tests of two alloys evaluated
in this program, 2014-T6 and 7075-T6, have been performed
throughout the past years, These results, summarized in

Ref 7, show a higher stress for failure at 106 cycles
than reported in this work, The strengths reported for
these alloys, 25,000 to 30,000 psi, were primarily ob-
tained with bending techniques. However, some axial data
on smooth machined round bars are also included,

Several reasons for the lower strengths obtained in this
study must be considered, The endurance limit obtained
by bending techniques may be as much as 30% higher than
values obtained by axial loading. When round bars are
machined, even for axial tests, the surface of the mate-
rial is removed and defects are removed by polishing.

In this study, the surface of the sheet was left in the
as-received condition.
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The literature is almost void of cryogenic data for com-
parison purposes., The only data for which a comparison
can be made have been generated by Fontana (Ref 8) on
7075-T6 using the flexure technique on polished specimens
machined from 0.750-in,-diameter bar, These data, signif-
icantly higher than obtained in this work, are compared

in the following tabulation,

Stress at 106 Cycles (ksi)

This Work (Axial Fontana (Flexure,
Temperature (°F) Load, R = -1) R = -1)
70 15 35
-110 -- 38
-320 22 59
-423 41 --

B, STAINLESS STEEL AND NICKEL ALLOYS

The alloys evaluated in this program include the two types
of stainless steels suitable for cryogenic service plus two nickel
base alloys exhibiting outstanding cryogenic properties, The two
age-hardenable alloys (A-286 and Inconel 718) were selected by
NASA for evaluation in the solution-treated condition,

1, Tension Properties

The mechanical properties of annealed 321 stainless steel are
given in Fig, 12, The unnotched behavior shows the characteristic
rapid linear increase in ultimate strength with very little in-
crease in yield strength as temperature is decreased., Elongation
shows a small decrease with reduction in temperature, but is still
quite high (36%) at -423°F, Notch and weld strengths increase
from 70 to -320°F, but decrease somewhat from -320 to -423°F,

The behavior of solution-treated A-286 stainless steel is
given in Fig. 13, Ultimate strength increases from 90,000 psi at
room temperature to 168,000 psi at -423°F, Yield strength is low
(46,000 psi at 70°F). Elongation is high and increases with de-
crease in temperature, Good weld joint efficiency and notch
toughness are shown by the test results,
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The properties of solution-treated Inconel 718 are presented
in Fig. 14, Ultimate, notch, and weld strength curves are almost
identical, Yield strength is low. Elongation is high at 70°F
and increases with decreasing temperature,

The behavior of Hastelloy C (Fig. 15) is similar to that of
Inconel 718,

2, Fatigue Properties

Fatigue data for the stainless steel and nickel alloys are
presented in the figures and tables given in the following tabu-

lation.
Unnotched Notched Welded

Material Figure | Table | Figure | Table | Figure | Table
321 Stainless

Steel 42 B-27 43 B-28 44 B-29
A-286 Stainless

Steel 45 B-30 46 B-31 47 B-32
Inconel 718

Nickel Alloy 48 B-33 49 B-34 50 B-35
Hastelloy C

Nickel Alloy 51 B-36 52 B-37 53 B-38

a, 321 Stainless Steel

The unnotched fatigue data for 321 stainless steel show
a flat curve at 70°F., Curves obtained at both -320 and

-423°F are moderately steep. The fatigue ratio (106
cycles) at 70°F is 0,37, This value decreases to 0,21
and 0.23 at -320 and -423°F, respectively. Unlike the
aluminum alloys, which show an improvement in fatigue
performance at low temperatures as evidenced by an in-
crease in the fatigue ratio, the 321 shows a substantial
decrease, However, the absolute strength of the stain-
less steel increases with reduction in temperature and
eXceeds the properties obtained in the aluminum alloy
study,
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Notched test results show a flat curve at 70°F and steeper

curves at -320 and -423°F, The 106 cycle stress level in-
creases from 18 ksi at 70 to 24 and 27 ksi at -320 and
-423°F, respectively, The fatigue notch factor (Kf) is

exceptionally good, The value for all temperatures varied
from 1,8 to 2.0,

The behavior of welded joints was similar to that observed
for the unnotched parent metal. Although weld joint effi-
ciency is high in 321 stainless steel, the welded fatigue
specimens attain only approximately two-thirds of the un-
welded fatigue strength, The fatigue ratio values are
0.23, 0.15, and 0,24 at 70, -320, and -423°F, respectively.

A-286 Stainless Steel
Unnotched fatigue data for A-286 stainless steel showed
that curves become flatter with decreasing temperature,

At 106 cycles, fatigue strength increased significantly

with reduction in temperature, The fatigue ratio at 106
cycles increased slightly from 0,37 at 70°F to 0.41 at
-423°F,

Notch tests performed on mildly notched specimens (Kt =

3.5) showed a transition from flat to steep curves with
temperature reduction., At 70°F, the Ke values, 1.4 to

1,7, show good retention of notch fatigue strength, De-
crease in temperature resulted in an increasing loss of

notch strength. For 106 cycles at -423°F, Kf (4.0)
slightly exceeded the Kt value,

Evaluation of welded specimens showed knee-shaped curves
of increasing steepness with decrease in temperature,

The fatigue ratio at 106 cycles decreased from 0.19 at
70°F to 0.15 at -320°F, At -423°F, the fatigue ratio
increased to 0,21,
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Inconel 718 Nickel Alloy

The unnotched fatigue curves for Inconel 718 were rather
flat at 70 and -423°F, Test results at -320°F show a
knee-shaped curve, The fatigue ratio was high (0.45 to
0.53).

The behavior of mildly notched specimens (Kt = 3.5) was

characterized by linear curves of increasing slope with

decrease in temperature, The Kf value at 70°F was low

(1.2 to 1.8). Although Kf increased with decreasing tem-

perature, the highest value was only 3.0.

Welded Inconel 718 alloy showed linear curves of increas-
ing slope with decrease in temperature., The fatigue
ratio (0.28 to 0,31) was independent of temperature,

Hastelloy C Nickel Alloy

The behavior of unnotched Hastelloy C is characterized
by flat curves at all temperatures, Strengthening in- .
creased significantly with each decrement of decreasing R

temperature, The fatigue ratios (106 cycles) were high
(0,41 to 0,45) and essentially independent of tempera-
ture.

Notched fatigue tests performed at a Kt of 3.5 resulted

in steep curves at all temperatures, The fatigue notch
factor, Kf, was low at 70°F, Kf increased with decreas-

ing temperature; at -423°F (106), K, exceeded Kt' As

£

noted frequently, K_ increased with the number of cycles,

f

Welded specimens showed a linear decrease of strength
with number of cycles at 70°F, At -320 and -423°F, the
curves become steep, The fatigue ratio (0.31 to 0,36)
varied little with temperature change,
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Comparison of Results

A summary of unnotched test results is presented in Table

7. This table presents the fatigue strength and fatigue

ratio at 106 cycles for each material in the parent metal
and welded condition. Data are presented in bar graph
form in Fig, 60,

The data for the unnotched parent metal show the Inconel

718 exhibits the highest fatigue ratio at all temperatures.
Hastelloy C showed a slightly lower value at each.tempera-

ture,

Welded alloy data showed the Hastelloy C exhibits the
highest fatigue ratio at each temperature, Inconel 718
showed fatigue ratio values approximately 10% lower.

The notch data are summarized in Table 8 and Fig. 61,
At 70°F, all compositions show good notch properties,

A-286, 321, and Inconel 718 exhibit similar Kf values in

the range 1.6 to 1,8, Hastelloy C shows a higher Kf

(2.6). Data obtained at -320°F show behavior patterns
very similar to those observed at 70°F, except for a

small increase in Kf. At -423°F, 321 stainless steel

shows virtually no increase in Kf value, A-286 and

Hastelloy C alloys have Kf values that are in excess of

the stress concentration factor (Kt). The general trend

of an increase in Kf with number of cycles is also noted

for the stainless steel and nickel alloys,
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Table 7 Comparison of Unnotched Fatigue Properties for
Stainless Steel and Nickel Alloys¥

Material Temperature Parent Metal Welded
(°F) Stress Fatigue Stress Fatigye
(ksi) | Ratiol (ksi) Ratio

321 SS 70 32 0.37 20 0.23
-320 4o 0.21 30 0.15
-423 54 0.23 31 0.24

A-286 70 36 0.37 17 0.19
-320 57 0.40 20 0.15
-423 69 0.41 32 0.21

Inconel 718 70 62 0.50 33 0.28
-320 70 0.45 51 0.32
-423 99 0.53 55 0.31

Hastelloy C 70 49 0.41 37 0.31
-320 77 0.44 54 0.36
-423 91 0.45 62 0.35

s = 100

"N = 10~ cycles.

" SN(fatigue strength at n cycles)

Fati C

atigue ratio Su(static tensile strength)
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Table 8 Comparison of Notched Fatigue Properties for Stainless Steel
and Nickel Alloys

Material Temperature Kt=c Fatigue Strength Kff
(°F) (ksi)
104 lO5 106 104 lO5 106
321 SS 70 3.5 34.0125.5]18.0 1.1 1.3 1.8
-320 54.0(32.0) 22.3 --- ] 1.9 2.0
~423 59.5 ] 38.01] 26.3 1.8 ] 2.1 2.1
A-286 70 3.5 35.0125.0| 21.0 1.4 .7 1.7
-320 62.5130.0] 26.0 1.4 | 2.6} 2.2
=423 66.0 {33.0] 14.0 1.2 | 2.4 | 4.9
Inconel 718 70 3.5 65.0145.0]35.0 1.1 1.6 1.8
-320 73.5 1 49.0| 35.0 1.3 1.9 2.0
~-423 81.0 [ 45.5] 32.5 1.4 1231 3.1
Hastelloy C 70 3.5 54.0}32.7] 19.5 1.3 1.8 ] 2.5
-320 61.0140.7 ] 24.0 1.5 2,1 | 3.2
-423 69.5 139.0( 17.2 1.5 ]12.5] 5.3

K =
¢ Stres

s concentration factor.

TFatigue notch factor (Kf) =

(fatigue strength of unnotched specimens at N cycles),

(fatigue strength of notched specimens at N cycles)
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VII. CONCLUSIONS

This program has demonstrated that tension/compression fatigue
properties can be obtained under axial loading for flat sheet mate-
rials at temperatures down to -423°F, Data obtained for the alumi-
num alloys show:

1) Unnotched 2219 and 7039-T6 exhibit good properties at
70°F;

2) Unnotched 2014-T6 and 5456-H343 were superior at -423°F;

3) Fatigue ratio increases with decrease in temperature
for unnotched and welded specimens;

4) Introduction of a mild notch reduces fatigue strength
significantly. However, at room temperature, reduc-
tion in fatigue strength was less than the theoretical
maximum;

5) At cryogenic temperatures, the reduction in fatigue
strength decreased significantly; the apparent reduc-
tion factor (Kf), in some cases equalled or exceeded

the theoretical maximum (Kt);

6) 1In general, the fatigue notch factor (Kf) increased

with number of cycles (N);

7) Notched 2014-T6, 7075-T6, and 5456-H343 showed the
best 70°F notched fatigue behavior;

8) The best retention of notch fatigue properties at
-423°F was shown by 7106-T6 and 7039-T6;

9) Welded joints decrease fatigue properties, This de-
crease is greater than the decrease of strength in
static weld behavior compared to parent metal, but
not as great as when a machined notch is introduced;

10) The 2219-T62 alloy showed the highest welded fatigue
ratio at 70 and -423°F, The 5456-H343 was comparable
to the 2219-T62 at -423°F,
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Test results for the stainless steel and nickel alloys show:

1) The highest unnotched fatigue ratios are exhibited
by Inconel 718 and Hastelloy C for the parent metal
and welded conditions;

2) The 321 stainless steel shows outstanding notch tough-
ness under cyclic loading at all temperatures;

3) Kf increases with decreasing temperature and increas-

ing number of cycles,

The following materials appear to be satisfactory for cyclic
service at cryogenic temperatures,

Aluminum Alloys
2014-T6
2219-T87
2219-T62
7039-T6
7106-T6
5456-H343

Stainless Steel Alloys
321
A-286

Nickel Allovys
Inconel 718
Hastelloy C

Aluminum alloys 2020-T6 and 7075-T6 appear to be somewhat
questionable for service at -423°F because of their behavior
under static testing,
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FATIGUE DATA
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Table B-1 Fatigue Properties

Martin-CR-65-70

B-1

of Parent Metal 2014-T6 Aluminum Alloy (R = -1)

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
50.0 3.00 x 103 65.0 1.80 x 103 65.0 1.00 x 103
50.0 4.00 x 103 65.0 2.00 x 103 65.0 1.00 x 103
3 3 3t
50.0 5.00 x 10 65.0 2,60 x 10 65.0 8.00 x 10
40.0 2,00 x 104 50.0 3.33 x 104 62.5 1.50 x 104
4 4 4
40.0 2.50 x 10 50.0 4,17 x 10 62.5 2.60 x 10
4 4 4
40.0 3.30 x 10 50.0 6.96 x 10 62.5 3.50 x 10
5 4 5
30.0 1.30 x 10 40,0 8.89 x 10 50.0 2,76 x 10
S 4 5
30.0 1.57 x 10 40.0 9.50 x 10 50.0 3.70 x 10
5 5 5
30.0 3.95 x 10 40.0 1.10 x 10 50.0 4.17 x 10
25.0 1.26 x 10° 30.0 2.06 x 10° 45.0 1.22 x 10°
25.0 1.76 x 10S 30.0 2,58 x 105 45.0 1,12 x 106 (disc)
25.0 5.63 x 10° 30.0 2.73 x 10° 45.0 1.00 x 10° (dise)
20.0 1.20 x 107 (disc) 25.0 1,07 x 106
20.0 1.19 x 107 (disc) 25.0 2.54 x 106
17.5 6.62 x 105 25.0 5.02 x 106 (disc)
17.5 1.03 x 106
5
15.0 5.41 x 10
6
15.0 1.28 x 10
15.0 7.00 x 106 (disc)
15.0 8.59 x 106 (disc)

*Axial load R = -1,

6
tSpecimen previously run at 45,000 psi for 1.12 x 10

cycles without failure,
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Table B-2 Fatigue Properties of Unnotched Parent Metal 2014-T6 Aluminum Alloy (R = 0,01)

Temperature
70°F -320°F -423°F
Max imum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
75.0 4.00 x 103 85.0 2.20 x ].O3 e 95.0 5.00 x 103
70.0 6.00 x 103 85.0 2.40 x 103 £ 90.0 7.00 x 103 h
70.0 8,00 x 103 b 85.0 3.10 x 103 90.0 2,00 x 104
70.0 1.00 x 104 c 80.0 8.00 x 103 85.0 9.00 x 103 i
60.0 1.20 x 104 d 75.0 4.16 x 104 82.5 2.20 x 104
60.0 1.70 x 104 70.0 1.03 x 105 80.0 5.70 x 104
60.0 2.00 x 104 65.0 1.69 x 105 75.0 2.12 x 105
50.0 4.20 x 104 60.0 1.14 x 105 g 72.5 2.41 x 105
50.0 5.00 x 104 60.0 2.98 x 105 70.0 6.13 x 105
40.0 1.18 x 105 55.0 5.69 x 105 67.5 5.61 x ].05
35.0 1.36 x 105 50.0 2.42 x 105 65.0 8.49 x 105
35.0 2.10 x 105 45.0 1.08 x 106 65.0 1.01 x 106 (disc)
30.0 1.31 x 106 (disc) 45.0 2.30 x 106 62.5 8.17 x 105
30.0 1.56 x 106 (disc) 42.0 4,53 x 105 61.0 7.92 x 105
30.0 1.82 x 106 (disc) 42.0 1.93 x 106 (disc) 61.0 8.76 x 105
42.0 2.39 x 106 (disc) 60.0 1.00 x 106 (disc)
40.0 1.70 x 106 (disc)

a. Stress Ratio (R) = 0.01.

Footnote

b

Stress

1000 psi

40.0

60.0

65.0

Cycles

1.82
1.31
1.56
2.39

1.93

1.00

1.01

X 106
X 106

6
x 10

X 106

x 106

X 106

b3 106

X 106

b thru i. Specimen previously run at indicated stress for number of cycles shown without failure.




B-3
Martin-CR=-65-70

Table B-3 Fatigue Propertiesa of Notchedb 2014-T6 Aluminum Alloy (Kt = 3.5)

Temperature
70°F -320°F ~423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
32.0 1.00 x 10 25.0 4,90 x 10” ¢ 40.0 1.00 x 107 £
30.0 2,00 x 103 25.0 6.20 x 103 35.0 2,00 x 103
28.0 3.00 x 103 25.0 6.30 x 103 30.0 5.00 x 103 g
25.0 5.00 x 103 25.0 6.60 x 103 d 27.5 9.00 x 103 h
25.0 8.00 x 103 25.0 7.20 x 103 e 25.0 1.70 x 104
4 4 4
20.0 1.30 x 10 20.0 1.33 x 10 20.0 3.00 x 10
20.0 2,50 x 104 15.0 3.57 x 104 17.5 2.10 x 104
18.0 2,10 x 104 15.0 6.11 x 104 17.5 5.40 x 104
15.0 6.60 x 104 10.0 9.78 x 104 15.0 9.70 x 104
12.0 1.13 x 105 10.0 1.74 x 105 12.5 2.40 x 105
11.0 1.34 x 105 10.0 1.79 x 105 10.0 6.60 x 105
10.0 5.09 x 105 10.0 4,16 x 105 7.5 6.10 x 105
6
7.0 1,25 x 10~ (disc) 10.0 2.04 x 106 (disc) 5.0 1.00 x 106 (disc)
6
6.0 1.24 x 10 (disc) 10.0 2,13 x lO6 (disc) 5.0 1.02 x 106 (disc)
6 ..
5.0 1.14 x 107 (disc) 8.0 4.05 x 105 5.0 1.07 x lO6 (disc)
6.0 1,12 x lO6 (disc)
a. Stress ratio (R) = -1,

b. Stress concentation (Kt) = 3.5,

¢ thru h, Specimen previously run at indicated stress for number of cycles shown without failure.

Stress
Footnote (1000 psi) Cycles
c 10.0 2,04 x 106
d 6.0 1.12 x 106
e 10.0 2.13 x 106
£ 5.0 1.00 x 10°
g 5.0 1,07 x 106
h 5.0 1,02 x 106




Table B-4 Fatigue Propertiesa of Notchedb Parent Metal 2014-T6 Aluminum Alloy (Kt = 8.0)

Martin-CR-65-70

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
25.0 3.00 x 10 25.0 4.9 x 10 30.0 3,00 x 107 g
3 3 3
25.0 4,00 x 107 ¢ 25.0 5.9 x 10 27.5 4.00 x 10
25.0 7.00 x 103 d 25.0 9.7 x 103 25.0 4.00 x ]_03 h
20.0 1.00 x 104 25.0 1.11 x 104 23.0 9.00 x 103
4 4 4
17.0 1.20 x 10 21.0 1.64 x 10 20.0 1.60 x 10" i
4 4 4
15.0 1.50 x 10 20.0 1.82 x 10 20.0 2.30 x 10
5 4 4
12.0 1.73 x 10 17.0 2.60 x 10 17.5 3.50 x 10
5 4
10.0 2.41 x 10 14,0 4,04 x 104 15.0 4,90 x 10
8.0 5.68 x 105 12.0 1.92 x 105 13.0 1.14 x 105
8.0 7.25 x 105 11.0 2.18 x 105 12.5 2.67 x 105
6.0 2.57 x 105 8.0 5.61 x 105 i 10.0 3.48 x 105
6.0 5.05 x 105 8.0 1.06 x 106 7.5 6.77 x 105
6 6
4.0 1.18 x 10 (disc) 8.0 1.66 x 106 (disc) 5.0 1.00 x 10 (disc)
4.0 1.91 x 106 (disc) 8.0 1.67 x 106 (disc) 5.0 1.10 x 106 (disc)
6
6.0 4.03 x 10° 3 5.0 1.10 x 10° (disc)
a. Stress Ratio (R) = -1,

b. Stress Concentration (Kt) = 8.0,

¢ thru i, Specimen previously run at indicated stress for number of cycles shown without failure.
Footnote Stress (1000 psi) Cycles
c 4.0 1.18 x 106
d 4.0 1.91 x 106
6
e 8.0 1.67 x 10
£ 8.0 1.66 x 106
6
g 5.0 1.00 x 10
h 5.0 1.10 x 106
6
i 5.0 1.10 x 10

j. Machine misaligned.




Martin-CR-65-70

Table B-5 Fatigue Properties® of Welded 2014-T6 Aluminum Alloy

B-5

Temperature
70°F -320°F ~423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
30.0 2.00 x 103 35.0 1.00 x lO2 50.0 5.00 x 102
30.0 7.00 x 103 32.0 2.00 x 103 40,0 2.00 x 103
4 4 3
30.0 1.00 x 10 30.0 1.05 x 10 40.0 3.00 x 10
22.0 1.50 x 104 30.0 2.74 x 104 40.0 6.00 x lO3
4 4 3
22.0 2.10 x 10 30.0 2.75 x 10 40.0 6.00 x 107 p
4 5 4
22.0 6.90 x 10 20.0 2,51 x 10 35.0 1.80 x 10
5 5 4
15.0 1.70 x 10 20.0 3.42 x 10 35.0 6.80 x 10
5 5 4
15.0 3.29 x 10 20.0 5.51 % 10 35.0 8.40 x 10
15.0 5.14 x 105 10.0 1.59 x 106 (disc) 30.0 1.82 x 105
9.0 1.02 x 106 (disc) 10.0 3.30 x 106 (disc) 30.0 2.65 x 105
9.0 1.03 x 10° (disc) 10.0 5.29 x 10° (disc) 30.0 3.18 x 10°
9.0 1.03 x 10° (disc) 25.0 3.44 x 10°
17.5 1.01 x 10° (disc)
6
17.5 1.03 x 10
17.5 1.06 x 106
a. Axial load R = -1, 6
b, Specimen previously run at 17,500 psi for 1.01 x 10 cycles without failure,




B-6
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Table B-6 Fatigue Propertiesa of Parent Metal 7039-T6 Aluminum Alloy (R = -1)
Temperature
70°F ~320°F ~423°F
Maximum Maximum Max imum
Tension Tension Tension
Stress Stress Stress
(1000 psi) | Cycles to Failure | (1000 psi) | Cycles to Failure | (1000 psi) | Cycles to Failure
3 3 3.
40.0 4.00 x 107 b 75.0 1.00 x 10 75.0 1.00 x 107 i
3 3 3.
40.0 9.00 x 107 ¢ 70.0 2.00 x 10 70.0 4.00 x 107 j
4 3 3
40.0 1.10 x 10" d 65.0 4.00 x 107 £ 65.0 7.00 x 10
4 3 4
40.0 1.40 x 10" e 60.0 7.00 x 107 g 60.0 1.60 x 10
35.0 2.20 x lO4 55.0 1.00 x 104 55.0 1.40 x ].04 k
4 4 4
35.0 2.40 x 10 52.0 1.20 x 10" £ 50.0 3.60 x 10
4 4 4
30.0 5.50 x 10 50.0 2.90 x 10 47 .5 5.50 x 10
4 4 5
30.0 6.40 x 10 45,0 3.90 x 10 45.0 1.97 x 10
4 4 5
25.0 5.60 x 10 42.5 6.70 x 10 40.0 1.01 x 10
20.0 2.04 x 10° 40.0 1.31 x 10° 40.0 4.31 x 10°
20.0 1.27 x 106 (disc) 35.0 3.77 x 105 40.0 1.02 x 106 (disc)
18.0 1.21 x 106 (disc) 32.5 9.28 x lO5 37.5 1.00 x lO6 (disc)
6
17.0 1.26 x 10° (disc) 30.0 1.00 x 10° (disc) 37.5 1.02 x 10° (disc)
17.0 1.29 x 10° (disc) 30.0 1.02 x 10° (disc)
30.0 1.78 x 10° (disc)
a, Stress ratio (R) = -1,
b thru k. Specimen previously run at indicated stress for number of cycles shown without
failure,
Stress
Footnote (1000 psi) Cycles
b 17.0 1.29 x 106
c 17.0 1.26 x 10°
d 18.0 1.21 x 10°
e 20,0 1.27 x 10°
£ 30,0 1.02 x 106
g 30,0 1.00 x 106
h 30.0 1.78 x 106
i 37.5 1.02 x 106
j 37.5 1.00 x lO6
k 40,0 1.02 x 10°
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Table B-7 Fatigue Propertiesa of Unnotched Parent Metal 7039-T6 Aluminum Alloy (R = 0.01)
Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress

(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
70.0 1.00 x 103 85.0 3.20 x 103 100.0 2.00 x 103 h
65.0 4,00 x ].03 85.0 3.30 x 103 e 95.0 1.00 x 103 i
60.0 7.00 x 103 b 85.0 3.50 x 103 f 90.0 8.00 x 103 j
60.0 8.00 x 103 c 85.0 3.60 x 103 g 85.0 3.00 x 103
60.0 8.00 x 10° d 80.0 6.70 x 10° 85.0 1.20 x 10*
60.0 1.30 x 104 75.0 1.28 x 104 85.0 3.50 x 104
50,0 4.50 x 104 70.0 3.54 x 104 80.0 2.40 x 101’
45,0 7.70 x 104 65.0 8.39 x 104 80.0 1.45 x 105
40,0 1.60 x 105 60.0 2.65 x 105 75.0 1.17 x 105
40,0 2,46 x 105 60.0 4.36 x 105 70.0 6.27 x 105
35.0 4.32 x 105 56.0 1.56 x 105 65.0 6.27 x 105
35.0 6.38 x 105 55.0 5.93 x 105 60.0 9.57 x 105
32.0 1.12 x 106 (disc) 50.0 1.96 x 105 60.0 1.00 x 106 (disc)
32.0 1.21 x 106 (disc) 50.0 1.11 x 106 (disc) 57.5 1.01 x 106 (disc)
30.0 1.53 x 10° (disc) 45.0 1.11 x 10° (disc) 55.0 1.06 x 10° (disc)

45,0 1.13 x 106 (disc)

a. Stress Ratio (R) = .01

b thru j.

Footnote Stress (1000 psi
b 32.0
c 32.0
d 30.0
e 45,0
£ 50.0
g 45.0
h 55.0
i 60.0
j 57.5

Cycles

1.21 x 106

1.12 x 106

1.53 x 106

1.11 x 106

1.11 x 106

1.13 x 106

1.06 x 106

1.00 x 106

1.01 x 106

Specimen previously run at indicated stress for number of cycles shown without failure.
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b

Table B-8 Fatigue Propertiesa of Notched~ 7039-T6 Aluminum Alloy Kt = 3.5
Temperature
70°F -320°F =423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
- 3 3 3
25.0 3.0 x 10 40.0 1.00 x 10 35.0 1.00 x 10 h
3 3 3
25.0 4.0 x 107 ¢ 35.0 2.00 x 107 e 30.0 3.00 x 10
3 3 3.
25.0 5.0 x 107 d 30.0 3.00 x 107 £ 25.0 4.00 x 107 i
3 3 3,
20.0 7.0 x 10 25.0 6.00 x 10 22.5 7.00 x 107 j
3 3 4
20.0 7.0 x 10 22.5 8.00 x 10”7 g 19.6 1.30 x 10
4 4 4
15.0 1.3 x 10 20.0 1.90 x 10 18.5 2.30 x 10
10.0 6.8 x lOA 15.0 4.00 x 104 17.5 3.20 x 104
4 4 4
10.0 9.3 x 10 12.5 6.60 x 10 15.0 6.30 x 10
5 ) 4
8.0 1.15 x 10 10.0 1.89 x 10 12.5 8.60 x 10
5 5 5
8.0 3.68 x 10 8.5 2.04 x 10 11.0 2.65 x 10
5 5 5
7.0 8.84 x 10 7.5 7.05 x 10 9.0 2.61 x 10
6 . 5 5
6.0 1.481 x 10~ (disc) 6.5 5.07 x 10 9.0 3.04 x 10
6.0 1.646 x 106 (disc) 6.5 1.00 x 106 (disc) 7.5 1.01 x 106 (disc)
6.0 3.397 x lO6 6.0 1.00 x 106 (disc) 7.5 1.01 x 106 (disc)
6.0 1.03 x 10° (disc) 7.5 1.03 x 10° (disc)

a, Stress
b. Stress

c thru j.

ratio (R) = -1,

concentration (Kt) = 3.5,

Specimen previously run at indicated

failure.

Footnote

Stress
(1000 ps

i)

c
d

00 Hh®

-

6.0
6.0
6.0
6.0
6.5
7.5
7.5
7.5

e e e e e

Cycles

.00
.03
.00
.03
.01
.01

481 x 10°
646 x 10°

6

x 10
x 10

X 106
106

6

6

x 10
x 10

6

stress for number for cycles shown without
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Table B-9 Fatigue.Propertiesa of Notchedb Parent Metal 7039-T6 Aluminum Alloy (Kt = 8.0)

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure

30.0 1.00 x 103 c 32.0 1.90 x 103 f 35.0 1.00 x 103 h
30.0 2.00 x 103 d 32.0 2,10 x 103 g 32.5 2.00 x 103 i
30.0 2,00 x 103 e 30.0 4.30 x 103 30.0 4.00 x 103

30.0 5.00 x 103 27.7 6.20 x 103 29.0 1.00 x 103 i
25,0 6.00 x 103 25.0 1.02 x 104 27.5 8.00 x 103

20.0 3.43 x 105 20.0 2,41 x 104 26.0 1.30 x IOA

18.0 2.60 x 104 17.5 5.17 x 104 25.0 1.60 x 104
15.0 5.40 x 104 15.0 1.02 x 105 22.5 3.30 x 104
15.0 5.80 x 104 13.5 3.57 x 105 20.0 4.50 x 104

12.0 6.10 x 10° 12.0 5.96 x 10° 17.5 1.05 x 10°
10.0 1.07 x 105 11.0 9.44 x 105 15.0 2.92 x 105

8.0 1.91 x 105 10.0 4,91 x 105 12.5 6.96 x 105

6.0 6.13 x 105 10.0 1.18 x 106 (disc) 10.0 1.02 x 106 (disc)
5.0 1.11 x 106 (disc) 9.0 9.27 % 105 10.0 1.10 x 106 (disc)
5.0 1.12 x 106 (disc) 8.0 1.14 x 106 (disc) 10.0 1.11 x 106 (disc)
5.0 1.16 x 103 (disc)

a. Stress Ratio (R) = -1.

b. Stress Concentration Kt‘= 8.0

¢ thru j.

Specimen previously run at indicated stress for number of cycles shown without failure.

Footnote

c

d

Stress

10.0

8.0

10.0

10.0

1000 psi

Cycles

1.16

1.11

1.12

1.18

1.14

1.02

1.10

1.11

X 106

X 106

X 166
X 106

X 106

X 106

X 106

x 106




Table B-10 Fatigue Propertiesa

Martin-CR-65-70

of Welded 7039-T6 Aluminum Alloy

h.  Specimen tested without wedges to preload ends.

Temperature
70°F -320°F -423°F
Max imum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
30.0 4.0 x 10 40.0 1.00 x 107 e 40.0 1.00 x 10
3 . 3 3
25.0 3.0 107 b 35.0 3.00 x 10 40.0 2.00 x 10
3 4 3
25.0 8.0 107 ¢ 32.5 1.00 x 10 37.5 3.00 x 107 £
3 4 3
25.0 8.0 10 30.0 1.40 x 10 36.0 5.00 x 10
3 4 3
20.0 9.0 10 27.5 4,00 x 10 36.0 8.00 x 10” g
4 4 4
20.0 2.2 10 4 25.0 2.10 x 10 35.0 2.30 x 10
4 5 5
15.0 3.05x 10 b 24,0 1.58 x 10 30.0 1.63 x 10
4 5 5
15.0 4.45 x 10 h 22.5 3.36 x 10 25.0 2.90 x 10
- 4 5 5
15.0 7.65 x 10 20.0 5.08 x 10 25.0 7.10 x 10
12.0 2.48 x 10° 18.0 8.86 x 10° 22.5 5.62 x 10
5 6 5
10.0 1.46 x 10" h 16.5 1.59 x 10 20.0 8.6l x 10
10.0 4.82 x 10S 16.0 1.46 x lO6 18.0 1.00 x 106 (disc)
8.0 1.135 x 106 (disc) 16.0 1.75 x 106 (disc) 18.0 1.04 x 106 (disc)
8.0 1.480 x 10° (disc)
8.0 1.553 x 106 (disc)
a. Stress ratio (R) = -1, '
b thru g. Specimen previously run at indicated stress for number of cycles shown without failure.
Stress
Footnote (1000 psi) Cycles
b 8.0 1.135 x 106
8.0 1.553 x 10°
d 8.0 1.480 x 10°
e 16.0 1.75 x 10°
f 18.0 1.00 x 106
g 18.0 1.04 x 10°
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Table B-11 Fatigue Propertiesa of Unnotched Parent Metal 7106-T6 Aluminum Alloy (R = -1)

B-11

Tempefature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
45.0 2.00 x 103 b 68.0 2.30 x 103 70.3 1.00 x 103 g
40.0 4.00 x 103 65.0 3.50 x 103 65.0 5.00 x 103 h
38.0 6.00 x 103 62.0 1.02 x 104 60.0 8.00 x 103
35.0 8.00 x 103 c 60.0 6.40 x 103 d 57.5 2.00 x 104
35.0 9.00 x 103 60.0 9.40 x 103 e 56.4 5.00 x 103 i
31.0 2.50 x 104 60.0 1.03 x 104 55.0 4.30 x 104
28.5 3.10 x 104 60.0 1.10 x 104 f 50.0 4,90 x 104
25.0 5.20 x 104 55.0 1.95 x 104 45.0 1.39 x 105
20.0 1.66 x 105 50.0 8.16 x 104 44,0 5.90 x 104
18.0 3.83 x 105 j 45.0 1.63 x 105 43.5 2.62 x 105
15.0 6.04 x 105 j 44.0 2.61 x 105 42.5 3.98 x 105
14.0 5.82 x 105 j 40.0 6.51 x 105 42.5 1.07 x 106 (disc)
13.0 1.12 x 106 (disc) 36.0 7.72 x 105 40.2 1.05 x 106 (disc)
12.0 9.75 x 105 36.0 1.12 x 106 (disc) 40.0 8.20 x 105
12.0 1.10 x 106 (disc) 36.0 1.21 x 106 (disc) 40.0 1.06 x 106 (disc)
34.0 1.48 x 106 (disc)
a. Stress Ratio (R) = -l.
b thru i. Specimen previously run at indicated stress for number of cycles shown without failure.

j. Failure occurred through grip area.

Footnote

b

h

i

Stress (1000 psi)

12.0
13.0
36.0
34.0
36.0
40.2
40.0

42.5

Cycles

1.10 x 106

1.12 x 10°

1.21 x 106

1.48 x 106

1.12 x 106

1.05 x 106

1.06 x 106

1.07 x 106
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Table B-12 Fatigue Propertiesa of Unnotched Parent Metal 7106-T6 Aluminum Alloy (R = 0,01)
Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
60.0 2.00 x 103 83.0 2,40 x 103 95.0 1.00 x 103 i
56.0 8.00 x 103 80.0 2.80 x 103 90.0 4.00 x 103 j
3
50.0 2.30 x 104 78.0 3.40 x 103 87.5 3.00 x 10” k
40.0 3.00 x 103 b,c 75.0 6.70 x 103 f 87.5 5.00 x 103
40.0 7.00 x 103 b,d 75.0 8.80 x 103 g 85.0 1.00 x 104
40.0 1.20 x 104 b,e 75.0 1.08 x 104 80.0 1.40 x 104
40.0 7.50 x 104 75.0 1.84 x 104 h 77.5 2.80 x 104
4 4 4
35.0 9.10 x 10 70.0 3.20 x 10 75.0 4.50 x 10
4 4 4
30.0 8.30 x 10 65.0 4,25 x 10 70.0 9,00 x 10
27.0 2.00 x 105 60,0 1.36 x 105 65.0 1.65 x 105
25.0 1.94 x 105 55,0 3.27 x 105 60.0 1.76 x 105
25.0 3.06 x 105 50.0 6.13 x 105 55.0 5.71 x 105
6
20.0 1.10 x 106 (disc) 50.0 1.11 x 106 (disc) 50.0 1.00 x 10 (disc)
6
20.0 1.12 x 106 (disc) 47.0 1.18 x 106 (disc) 50.0 1.08 x 10 (disc)
6
20.0 1.27 x 106 (disc) 47.0 1.20 x 106 (disc) 50.0 1.10 x 10~ (disc)

¢ thru k.

a. Stress Ratio (R) = 0.01l.
b. Specimen failed through grip area.

Specimen previously run at indicated stress for number of cycles shown without fdilure.

Footnote

Stress

1000 psi

20.0

20.0

20.0

47.0

50.0

47.0

50.0

50.0

50.0

Cycles

6

1.10 x 10

1.20
1.11

1.18

1.00

X

X

106

106

106

6
10

106

106

106

106
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B-13

Table B-13 Fatigue Properties & of Notchedb Parent Metal 7106-T6 Aluminum Alloy
Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
40.0 0.00 32.0 3.80 x 103 40.0 1.00 x 103
30.0 2.00 x 10° 30.0 5.40 x 10° £ 40.0 1.00 x 10° ¢
28.0 2,00 x 103 c 30.0 6.50 x 103 37.5 2,00 x 103
28.0 2,50 x ].03 25.0 1.61 x 104 35.0 4.00 x 103
27.0 3.00 x ].03 d 22.0 2.15 x 104 30.0 7.00 x 103
25.0 5.50 x 103 20.0 4.72 x 104 27.5 1.00 x 103 h
20.0 1.25 x 104 18.0 5.44 x 104 25.0 1.50 x 104
18.0 1.70 x 104 e 15.0 1.27 x 10S 22.5 2.10 x 104 i
15.0 3.70 x 104 14.0 1.69 x 10S 20.0 5.80 x 104
12.0 8.25 x 104 13.0 1.76 x 105 17.5 1.18 x 105
10.0 1.04 x 105 12.0 1.12 x 106 (disc) 15.0 4.54 x 105
7.0 4.15 x 105 11.0 9.70 x 105 14.0 3.25 x 105
6.0 1.11 x 106 (disc) 10.0 1.14 x 106 (disc) 12.5 1.05 x 106 (disc)
5.0 3.36 x 105 12.5 1.10 x 106 (disc)
5.0 1.12 x 10° (dise) 12.5 1.17 x 10° (disc)
5.0 1.14 x 106 (disc)

a. Stress Rat

io (R) =

-1.

b, Stress concentration factory (Kt) = 3,5.

¢ thru 1.

Footnote

5.0

6.0

5.0

10.0

12.5

12.5

12.5

Cycles

1.12 x 106

1.11 x 106

1.14 x 106

1.14 x 106

1.10 x 106

1.17 x 106

1.05 x 106

Specimen previously run at indicated stress for number of cycles shown without failure.
Stress (1000 psi)
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Table B-14 Fatigue Propertiesa of Welded 7106-T6 Aluminum Alloy

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
30.0 1.00 x 103 42.0 1.40 x 103 50.0 1.00 x 103
27.0 3.00 x 103 40.0 4.18 x 104 c 45.0 6.00 x lO3 f
25.0 1.90 x 104 38.0 5.05 x 104 40.0 8.00 x 103 g
22.0 5.30 x 104 b 35.0 3.70 x 103 37.5 2,00 x 103
20.0 6.80 x 104 35.0 1.28 x 105 d 35.0 1.00 x 103
18.0 1.10 x 104 33.0 1.60 x 103 35.0 1.30 x 104 h
16.0 1.90 x 104 32.0 9.37 x 104 e 32.5 4.50 x 104
15.0 8.00 x 103 31.0 4,90 x 103 30.0 4.50 x 104
15.0 3.10 x 104 30.0 6.00 x 104 27.5 4,10 x 104
15.0 8.40 x 104 28.0 7.80 x 103 25.0 6.69 x 105
10.0 3.60 x 104 25.0 2,88 x 105 22.5 2.55 x 105
7.0 2.63 x 105 20.0 1.90 x 105 20.0 3.12 x 105
7.0 1.15 % 106 (disc) 20.0 5.97 x 105 17.5 1.01 x 106 (disc)
5.0 5.97 x 10S 18.0 1.25 x 106 (disc) 17.5 1.12 x 106 (disc)
18.0 1.14 x 106 (disc) 17.5 1.13 x 106 (disc)
18.0 1.46 x 106 (disc)

a. Stress Ratio (R) =
b thru h. Specimen previously run at indicated stress for number of cycles shown without failure.

-1.

Footnote

b

Stress (1000 p

si)

7.0
18.0
18.0
18.0
17.5
17.5

17.5

Cycles

1.15 x 106

1.25 x 106

1.14 x 106

1.46 x 10°

1.01 x 106

1.13 x 106

1.12 x 106
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Table B=15 Fatigue Propertiesa of Parent Metal 2219-T87 Aluminum Alloy

Temperature
70°F -320°F ~423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failute (1000 psi) Cycles to Failure
50.0 9.00 x 102 55.0 6.00 x 102 62.5 1.50 x 103
46.0 3.00 x 103 55.0 1.70 x 103 62.5 3.00 x lO3
3 3 3¢
46,0 3,00 x 10 55.0 1.90 x 10 62.5 4,00 x 10
46.0 4,00 x 103 35.0 4,51 x 104 62.5 7.00 x 103
40.0 9.90 x 10° 35.0 6.46 x 10 62.5 7.50 x 10°
4 4 4
40.0 1.49 x 10 35.0 8.02 x 10 55.0 4,40 x 10
1
i 40.0 2,27 x 104 35.0 1.16 x 105 55.0 6.60 x 104
: 4 5 4
35.0 2,43 x 10 30.0 1.01 x 10 55.0 8.90 x 10
35.0 2,82 x 104 25.0 1.05 x 106 b 50.0 1.24 x lO5
‘ 35.0 3.19 x 10° 25.0 2.05 x 10° b 47.5 1.73 x 10°
30.0 4.86 x 104 20.0 5.21 x 106 (disc) 47.5 1.74 x 105
30.0 1.40 x 10° 15.0 1.05 x 10° 47.5 3.05 x 10°
30.0 1.66 x 10° 15.0 2.21 x 10° 40.0 7.95 x 10°
25.0 1.80 x 105 15.0 2.31 x 106 40,0 1.40 x 106 (disc)
25.0 3.08 x ].05 40.0 1.46 x 106 (disc)
5
25.0 6.76 x 10
22,5 3.56 x 10°
22.5 9.52 x 105
6
22.5 3.40 x 10
20.0 4.45 x 106
20.0 1.24 x 107 (disc)
a, Axial load R = -1,
b. Failed through pinholes, 6
¢. Specimen previously run at 40,000 psi for 1.46 x 10 cycles without failure,

~




Table B-16 Fatigue Propertiesa

Martin-CR-65-70

b
of Notched

2219-T87 Aluminum Alloy

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3
32.0 1.00 x 10 27.5 2,10 x 103 35.0 1.00 x 103
30.0 1.50 x 10° 25.0 3.50 x 10° 30.0 2.00 x 10° ¢
4 3 3
30.0 1.60 x 10 ¢ 25.0 4.30 x 107 e 29.0 5.00 x 107 g
25.0 4,00 x 103 22.5 7.8 x lO3 27.5 8.00 x 103 h
3 4 4
25.0 4.00 x 107 4 20.0 1.95 x 10 25.0 1,20 x 10
4 4 4
20.0 1.00 x 10 15.0 4.90 x 10 22.5 1.00 x 10
4 4 4
15.0 3.30 x 10 10.0 7.83 x 10 22.5 1.50 x 10
4 4 4
12.0 9.70 x 10 10.0 8.89 x 10 20.0 2.80 x 10
10.0 1.60 x 105 10.0 7.61 x 105 17.5 3.90 x 104
9.0 3.63 x 10° 7.5 3.09 x 10° 15.0 1.04 x 10°
5 5 5
8.0 7.30 x 10 7.0 3.98 x 10 12.5 1.72 x 10
6
8.0 1,10 x 10 (disc) 7.0 4,66 x 105 10.0 4,34 x 105
7.0 1.15 x 106 (disc) 5.0 1.07 x 106 7.0 1.00 x 106 (disc)
6 6 6
7.0 7.32 x 10 6.0 6.94 x 10 (disc) 7.0 1.01 x 10 (disc)
7.0 1.02 x 106 (disc)
a. Stress ratio (R) = -1,
b, Strecss concentration (Kr) = 3.5,
¢ thru h. Specimen previously run at indicated stress for number of cycles shown without
failure.
Stress
Footnote (1000 psi) Cycles
c 8.0 1,10 x 106
d 7.0 1.15 x 106
e 6.0 6.94 x 106
f 7.0 1.01 x 106
g 7.0 1.02 x lO6
h 7.0 1,00 x 106




B-17

Martin-CR-65-70

Table B-17 Fatigue Propertiesa of Welded 2219-T87 Aluminum Alloy

Temperature
70°F -320°F =423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
30.0 1.00 x 10 32.0 3,10 x 10 45.0 1.00 x 10
30.0 6.00 x 103 32.0 5.50 x 103 45.0 1.00 x 103
30.0 9.00 x 103 32.0 5.70 x 103 45.0 2.00 x 103
3
20.0 2,40 x 104 25.0 4.10 x 104 45,0 2.00 x 10" ¢
4 4 3
20.0 3.30 x 10 25.0 4,74 x 10 45.0 5.00 x 107 ¢
4 4 4
20.0 5.30 x 10 25.0 5.14 x 10 42.5 1.70 x 10
4 5 4
15.0 7.90 x 10 17.5 1.89 x 10 40.0 3.50 x 10
¢ s s a
! 15.0 1.94 x 10 17.5 3.19 x 10 35.0 5.50 x 10
5 5 4
15.0 2,09 x 10 17.5 5.91 x 10 35.0 7.40 x 10
10.0 2.04 x 10° 12.5 9.93 x 10° 35.0 1.17 x 10°
10.0 1.22 x 10° 12.5 3.27 x 10° 30.0 2.13 x 10°
10.0 1.04 x lO7 (disc) 12.5 4,57 x 106 30.0 2.36 x 105
30.0 4.22 x 10°
5
22.5 7.78 x 10
22.5 1.04 x 106 (disc)
22.5 1.13 x lO6 (disc)
a, Axial load R = -1,
b. Specimen previously run at 22,500 psi for 1.04 x 106 cycles without failure.
c. Specimen previously run at 22,500 psi for 1,13 x 106 cycles without failure,




Martin-CR-65-70

Table B-18 Fatigue Propertiesa of Parent Metal 2219-T62 Aluminum Alloy

Temperature
70°F =320°F ~423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 2 3
36.0 4.00 x 10 45.0 7.00 x 107 4d 65.0 1.00 x 10
3 3 3
35.0 5.00 x 10 45.0 1.30 x 10 62.0 2,00 x 107 g
3 3 3
34.0 5.00 x 10 43.0 1.50 x 10”7 e 60.0 4.00 x 107 h
3 3 3
32.0 1.00 x 10 43.0 1.90 x 10 60.0 8.00 x 10
4 3 3.
30.0 1.50 x 10 43.0 2.60 x 10 57.0 7.00 x 107 1
4 3 4
30.0 1.50 x 10" b 40.0 5.0 x 10° £ 55.0 1.20 x 10
4 3 4
30.0 3.20x 10" ¢ 40.0 9.90 x 10 50.0 3.80 x 10
4 4 4
25.0 6.30 x 10 40.0 1.23 x 10 50.0 9.00 x 10
5 4 4
22.0 3.32 x 10 35.0 2.37 x 10 45.0 5.70 x 10
5 4 4
20.0 2.70 x 10 35.0 3.85 x 10 45.0 8.50 x 10
5 5 5
19.0 7.27 x 10 30.0 1.35 x 10 40.0 3.93 10
18.5 1.43 x 106 30.0 1.58 x 105 40.0 4.42 x 105
18.0 3.45 x 106 (disc) 25.0 2.75 x 105 35.0 1.02 x 106 (disc)
15.0 3.14 x 105 (disc) 25.0 8.68 x 105 35.0 1.04 x 106 (disc)
20.0 7.68 x 10° 35.0 1.12 x 10% (disc)
20.0 1.33 x 106
18.0 1.68 x 106 (disc)
18.0 2.02 x 106 (disc)
18.0 2.23 x lO6 (dsic)

a, Stress ratio (R) = -1,
Specimen previously run at indicated stress for number of cycles shown without failure.

b thru i,

Footnote

b

a 0

o o009 Fh 0

Stress

(1000 psi)

15.0
18.0
18.0
18.0
18.0
35.0
35.0
35.0

_ e e H NN WW

Cycles

14 x
45 x
.02
.23
.68
.12
.04
.02

X
X
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Martin-CR-65-70

Table B-19 Fatigue Propertiesa of Notchedb 2219-T62 Aluminum Alloy

Temperature
70°F -320°F ~423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
25.0 2.00 x 107 ¢ 30.0 1.20 x 10 40.0 1.00 x 10
3 3 3
20.0 4.00 x 107 d 30.0 2.30 x 107 f 35.0 2.00 x 10
3 4 3,
20.0 5.00 x 107 e 20.0 1.20x 10 g 30.0 4.00 x 107 i
3 4 3
20.0 6.00 x 10 20.0 1.29 x 10" h 25.0 5.00 x 10
3 4 3
20.0 7.00 x 10 10.0 7.43 x 10 22.5 7.00 x 10
4 5 4
15.0 2,20 x 10 10.0 1.05 x 10 20.0 1.70 x 10
15.0 2.80 x 104 10.0 3.70 x 105 17.0 2.20 x lO4
4 5 4,
15.0 3.00 x 10 7.0 3.45 x 10 16.5 2.80 x 10" j
5 5 4
10.0 1.06 x 10 7.0 5.39 x 10 15.0 7.40 x 10
10.0 1.14 x 105 5.0 1.11 x lO6 (disc) 12.5 1.57 x 105
7.5 7.45 x 10° 5.0 1.13 x 10° (disc) 10.0 3.85 x 10°
6
7.5 8.78 x 105 5.0 1.70 x 10 (disc) 7.5 1.03 x 106 (disc)
7.5 1.15 x 10° (disc) 7.0 9.20 x 10°
7.5 1.26 x 106 (disc) 6.0 1.03 x 106 (disc)
6.0 1.52 x 10° (disc)
a. Stress ratio (R) = -1,
b. Stréss concentration (Kt) =3.5.
¢ thru j, Specimen previously run at indicated stress for number of cycles shown without
failure,
Stress
Footnote (1000 psi) Cycles
¢ 6.0 1.52 x 10°
d 7.5 1.26 x 106
e 7.5 1.15 x 106
£ 5.0 1.70 x 10°
g 5.0 1.11 x 10°
h 5.0 1.13 x 106
i 6.0 1.03 x 10°
j 7.5 1,03 x 106




B-20

Table B-20 Fatigue Propertiesa of Welded 2219-T62 Aluminum Alloy

Martin-CR-65-70

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
30.0 1.00 x 10 40.0 1.4 x 107 d 50.0 1.00 x 10
3 3 3
30.0 1,00 x 10 b 40,0 1.7 x 107 e 50.0 2.00 x 10
3 3 3
30.0 2,00 x 107 ¢ 40.0 3.5 x 10 50.0 3.00 x 107 g
3 3 3
27.0 8.00 x 10 40.0 4.1 x 10 47.5 4,00 x 107 h
4 4 3
27.0 1.10 x 10 30.0 1.15 x 10 £ 45.0 9.00 x 10
4 4 4
20.0 5.70 x 10 30.0 2.21 x 10 42.5 1.20 x 10 i
4 . 4 4
20.0 7.60 x 10 30.0 4.28 x 10 41.0 2.00 x 10
4 4 4
20.0 7.80 x 10 30.0 5.14 x 10 40.0 3.60 x 10
15.0 1.54 x 105 20.0 2.10 x 105 35.0 1.00 x 105
15.0 3.03 x 10° 20.0 4.83 x 10° 30.0 3.60 x 10%
5 5 5
15.0 3,20 x 10 17.0 3.40 x 10 30.0 2.55 x 10
6 6 5
12.0 1.19 x 10 15.0 1.11 x 10 28.5 6.57 x 10
12.0 1.50 x 106 (disc) 15.0 1.81 x 106 25.0 4.62 x 105
10.0 1.30 x 106 (disc) 15.0 1.20 x 106 25.0 1.02 x 106 (disc)
10.0 1.46 x 106 22.5 1.00 x 106 (disc)
22.5 1.08 x 10° (disc)
a, Stress ratio (R) = -1,
b thru 1, Specimen previously run at indicated stress for number of cycles shown without failure,
Stress
Footnote (1000 psi) Cycles
b 12.0 1.50 x 10°
c 10.0 1.30 x lO6
d 15,0 1.11 x 106
e 15,0 1.81 x 106
£ 15,0 1.20 x 106
g 22.5 1.00 x 10°
h 25,0 1.02 x 10°
i 22,5 1.08 x 10°




Table B-21 Fatigue Propertiesa

Martin-CR-65-70

of Parent Metal 5456-H343 Aluminum Alloy

B-21

Temperature
70°F -320°F -423°F
Max imum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
40 .0 1.50 10 52.0 1.50 x 10 55.0 7.00 x 10
3
38.5 4 .00 103 52.0 4,50 x 10 55.0 8.00 x 103
3 3 4
38.5 5.00 10 52.0 4.60 x 10 55.0 1.00 x 10
3 3 4
38.5 5.00 10 50.0 9.10 x 10 50.0 1.60 x 10
35.0 8.00 103 50.0 1.64 x 104 50.0 3.20 x 104
35.0 1.10 104 50.0 1.65 x 104 50.0 3.30 x 104
4 4 4
35.0 1.40 10 40.0 34,2 x 10 45.0 8.90 x 10
30.0 2.83 x 10 40.0 4.37 x 10 42.5 3.05 x 10°
4 4 5
30.0 4.30 10 40 .0 6.21 x 10 42 .5 3.20 x 10
4 4 5
30.0 5.25 10 30.0 6,87 x 10 42,5 5.19 x 10
25.0 5.25 x 10% 30.0 1.32 x 10° 40.0 8.86 x 10° (disc)
5 5 5
20.0 1.70 10 30.0 2.38 x 10 40 .0 9.07 x 10
5 5 6 .
20.0 4 .59 10 25.0 7.94 x 10 40.0 1.52 x 10" (disc)
6
20.0 5.33 105 25.0 1.10 x 10
6 6 .
15.0 1.00 10 25.0 4,43 x 10 (disc)
15.0 1.69 106
15.0 4.96 106 (disc)

a, Axial load

-1.
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Martin-CR-65-70

Table B-22 Fatigue Propertiesa of Notchedb 5456-H343 Aluminum Alloy

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress . Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
25.0 1.00 x 10 25.0 1.00 x 107 ¢ 30.0 1.00 x 10
3 3 3
20.0 6.00 x 10 20.0 1.60 x 107 4 25.0 3.00 x 10
3 3 3
20.0 7.00 x 10 20.0 2.30 x 10 22.5 3.00 x 107 £
4 3 3
15.0 2,80 x 10 20.0 3.80 x 10 22.5 3.00 x 10
4 3 3
15.0 3.20 x 10 20.0 6.10 x 107 e 21.5 2.00 x 107 g
4 3 4
15.0 3.60 x 10 15.0 4,50 x 10 20.0 1.30 x 10
5 4 3
10.0 2.09 x 10 10.0 3,71 x 10 18.5 6.00 x 10 h
5 4 4
10.0 3.83 x 10 10.0 8.15'x 10 17.5 2.90 x 10
8.0 3.04 x 105 10.0 3.44 x 105 16 .0 5.90 x 104
6 5 4
7.5 1.18 x 10 7.5 1.50 x 10 15.0 9.70 x 10
6 . 5 5
75 1.51 x 10" (disc) 7.5 2.24 x 10 14.0 1.09 x 10
6 R 5 5
6.0 7.23 x 10 (disc) 5.0 6,88 x 10 12.5 3.06 x 10
j 4.0 1.66 x 106 (disc) 9.0 1.02 x 106 (disc)
6 6
4.0 1,96 x 10 (disc) 9.0 1.05 x 10~ (disc)
6
3.0 1.70 x 10" (disc) 9.0 1.05 x 108 (disc)
a, Stress ratio (R) = -1,
b. Stress concentration (Kt) =3.,5.
¢ thru h, Specimen previously run at indicated stress for number of cycles shown without
failure,
Stress
Footnote (1000 psi) Cycles
c 4.0 1.66 x 106
d 4,0 1.96 x 106
e 3.0 1.70 x 106
£ 9.0 1.02 x 106
. 9.0 1.05 x 10°
h 9.0 1.05 x 106




Table B-23 Fatigue Propertiesa

Martin-CR-65-70

of Welded 5456-H343 Aluminum Alloy

B-23

Temperature
70°F -320°F -423°F
Max imum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 4
30.0 2.00 x 10 32.0 2.60 x 10 40.0 1.20 x 10
3 3 3
30.0 2,00 x 10 32.0 4,80 x 10 35.0 3.00 x 10
30.0 3.00 x 103 32.0 8.40 x 103 35.0 6.00 x 103
4 4 4
20.0 1.60 x 10 25.0 1.44 x 10 35.0 2.70 x 10
20.0 2.20 x 10% 25.0 2.54 x 10% 30.0 2.40 x 10%
4 4 4
20.0 4,50 x 10 25.0 4.94 x 10 30.0 8.70 x 10
5 5 4
13.8 2.45 x 10 17.0 2.04 x 10 30.0 9.90 x 10
13.8 3.33 x 107 17.0 2.62 x 10° 25.0 3.30 x 10°
5 5 5
13.8 3.90 x 10 17.0 4,21 x 10 25.0 4,12 x 10
5 6 6 .
10.0 5.35 x 10 12.0 1.41 x 10 17.5 1,00 x 10~ (disc)
6
10.0 2.44 x 10 12.0 2.58 x 106 17.5 1.07 x 106 (disc)
6
10.0 3.71 x 106 12.0 5.23 x 10 (disc) 17.5 1.19 x lO6

a. Axial load

-1.

L
3




Table B-24 TFatigue Propertiesa

Martin-CR-65-70

of Parent Metal 7075-T6 Aluminum Alloy

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
63.0 1,50 x 10 60.0 2.20 x 10 80 .0 1.00 x 10
63.0 1.80 x 103 60 .0 5.50 x 103 80.0 1.00 x 103
3 3 3
63.0 2.00 x 10 60,0 6.70 x 10 80.0 1,00 x 10”7 b
4 4 3
40.0 1.40 x 10 40.0 7.12 x 10 80.0 2,00 x 10
4 4 4
40,0 1.80 x 10 40,0 7.98 x 10 65.0 4.20 x 10
4 4 4
40.0 1.90 x 10 40.0 9.32 x 10 60 .0 4,20 x 10
4 5 4
30.0 2.80 x 10 30.0 1.32 x 10 60 .0 7.10 x 10
4 5 4
30.0 3.20 x 10 30.0 2.67 x 10 60.0 8.80 x 10
4 5 5
30.0 4,10 x 10 30.0 6.58 x 10 50.0 1.42 x 10
17.5 3.06 x 10° 20.0 1.32 x 10° 50..0 435 x 10°
17.5 3.44 x 10S 20.0 3.44 x 106 50.0 4.35 x 105
17.5 4.20 x 10° 20.0 4.30 x 10° 425 4.63 x 10°
6
12.5 2.07 x 10 17.5 5.12 x 106 (disc) 37.5 4.05 x 106
6 6 . 6
12,5 2.57 x 10 17.5 5.35 x 10~ (disc) 35.0 1,08 x 10
125 1.03 x 107 (disc) 35.0 1.11 x 10° (disc)
35.0 1.20 x 106 (disc)
a, Axial load R = -1, 6
b. Specimen previously run at 35,000 psi for 1,11 x 10 cycles without failure.




Martin-CR-65-70

Table B-25 Fatigue Propertiesa of Notchedb 7075-T6 Aluminum Alloy

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
25.0 3.00 x 10 25.0 1,00 x 107 £ 30.0 1.00 x 10
3 3 3
25.0 6.00 x 10 22,5 2,00 x 107 g 25.0 5.00 x 10
3 3 4
25.0 4,00 x 10" ¢ 20.0 4,00 x 107 h 22.5 1,30 x 10" 1
3 4 4
25.0 4.00 x 107 d 20.0 1,10 x 10 20.0 1.20 x 10
4 4 4
20.0 1.60 x 10 17.5 1.20 x 10 17.5 1.60 x 10
20.0 2,70 x 104 15.0 1,00 x 104 15.0 2,10 x 104
4 4 4
20.0 9.00 x 10" e 13.5 2,30 x 10 14.0 7.40 x 10
4 4 5
15.0 4.40 x 10 12.0 5.20 x 10 13.5 1.74 x 10
5 4 5
10.0 5.52 x 10 11.0 5.50 x 10 12.5 4.07 x 10
5 4 5
10.0 7.22 x 10 10.0 8.80 x 10 11.0 2,72 x 10
5 5 5
9.0 5.37 x 10 9.0 1.38 x 10 10.0 5.13 x 10
6 i 5 6
7.5 1.78 x 10 (disc) 7.5 2.32 x 10 10.0 1.02 x 10 (disc)
5 6
7.5 1.46 x 106 (disc) 5.0 9.70 x 10 10.0 1.07 x 10 (disc)
7.5 5.03 x 106 (disc) 5.0 1.35 x 106 (disc)
5.0 1.72 x 106 (disc)
a., Stress ratio (R) = -1,

b. Stress

¢ thru i,

concentration (Kt) = 3.5,

Specimen previously run at indicated

failure,

Stress
Footnote (1000 psi) Cycles
c 7.5 5.03 x 10°
d 7.5 1.46 x 10°
e 7.5 5.37 x 106
f 5.0 1.72 x 106
. 5.0 1.88 x 10°
h 5.0 1.35 x 10°
; 10.0 1.07 x 10°

stress for number of cycles shown without
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Martin-CR-65-70

Table B-26 TFatigue Propertiesa of Parent Metal 2020-T6 Aluminum Alloy

Temperature
70°F -320°F -423°F
Max imum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
50.0 2.00 x 10 70 .0 1.00 x 10 70.0 3.00 x 107 b
3 3 3
50.0 2,00 x 10 70.0 1,20 x 10 67.5 4,00 x 10
3 3 4
50.0 4,00 x 10 70.0 2.30 x 10 67.5 1.50 x 10
3 4 4
40,0 8.00 x 10 50 .0 2.90 x 10 60 .0 1,70 x 10
3 4 4
40 .0 9.00 x 10 50.0 4.31 x 10 60 .0 2,10 x 10 ¢
4 4 4
40.0 1,00 x 10 50.0 9.23 x 10 60 .0 2,90 x 10
4 4 4
30.0 4,80 x 10 40 .0 7.42 x 10 60 .0 4,30 x 10
4 4 4
30.0 8.50 x 10 40,0 7.70 x 10 57.3 8.60 x 10
4 5 5
30.0 9.30 x 10 40 .0 1.22 x 10 50.0 1.16 x 10
5 5 5
20.0 1.25 x 10 40 .0 1.97 x 10 50.0 1.53 x 10
5 5 5
20.0 1.49 x 10 30.0 1.16 x 10 50.0 1.99 x 10
5 5 5
20.0 1.60 x 10 30.0 1.49 x 10 42,5 7.75 x 10
6 5 6
18.0 1.76 x 10 30.0 3.27 x 10 40.0 1.09 x 10
6 6 6 .
18.0 3.90 x 10 30.0 1.22 x 10 40 .0 1.41 x 10~ (disc)
18.0 1.03 x 107 (disc) 22.5 1.37 x 106 40,0 1.50 x 106 (disc)
6
22.5 2.13 x 10
6
22.5 4,16 x 10
a, Axial load R = -1.
b and ¢, Specimen previously run at indicated stress for number of cycles shown without
failure.
Stress
Footnote (1000 psi) Cycles
b 40,0 1,50 x 106
c 40,0 1.41 x 10°
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B-27

Table B-27 Fatigue Propertiesa of Parent Metal AISI 321 Stainless Steel Alloy

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) | Cycles to Failure (1000 psi) Cycles to Failure
2 2 3,
60.0 5.00 x 10° b 90.0 9.00 x 10° e 120 1.0 x 107 1
3 4 3.,
50.0 1.00 x 10 80.0 1.92 x 10 120 1.0 x 107 j
45.0 1.00 x 10° 75.0 4.33 x 10% £ 115 1.0 x 10° k
3 4 4
45.0 2.00 x 107 ¢ 70.0 4.50 x 10 110 1.2 x 10
3 4 4
42.0 5.00 x 10 70.0 6.02 x 10 g 110 1.7 x 10
40.0 6.00 x 10° d 60.0 1.09 x 10° 100 3.6 x 10"
40.0 8.00 x lO3 55.0 1.82 x lO5 90 3.4 x 104
4 5 4
40.0 1.20 x 10 55.0 1.84 x 10" h 80 4.6 x 10
35.0 7.20 x ].O4 50.0 3.70 x 105 80 1.31 x 105
33.0 9.80 x 104 45.0 1.99 x lO6 (disc) 70 1.69 x 105
33.0 2.98 x 105 44.0 8.38 x 105 60 2.7 x 104
32.0 1.09 x 10° 42.0 1.81 x 10° (disc) 60 4.86 x 10°
32.0 4.74 x 10° 40.0 2.28 x 10° (disc) 50 1.00 x 10° (disc)
31.0 1.14 x 10° (disc) 40.0 2.32 x 10% (disc) 50 1.01 x 10° (disc)
30.0 1.25 x lO6 (disc) 50 1.00 x 106 (disc)
30.0 1.31 x 106 (disc)
a, Stress ratio (R) = -1,

b thru k.,

Specimen previously run at indicated stress for number of cycles shown without

failure,

Footnote

b

D40 o O A0

e

[N

Stres$
1000 psi) Cycles

30.0 1.31 x
31.0 1.14 x
30.0 1.25 x
42.0 1.81 x
45.0 1.99 x
40,0 2.28 x
40,0 2.32 x
50.0 1.00 x
50.0 1.00 x
50.0 1.0l x

I e R I R B
QO o O O O O O o o O
[ XN = "N « AN « AN © A SN © NN« R« AN = N = N
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B-28
Table B-28 Fatigue Propertiesa of Notchedb AISI 321 Stainless Steel Alloy
Temperature
7JO°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3,
40.0 1.00 x 10 65.0 8.20 x 10 80.0 1.00 x 10” j
35.0 2.00 x 103 c 60.0 1,50 x 103 £ 75.0 2.00 x 103 k
35.0 4.00 x 10° d 60.0 6.40 x 10° 70.0 1.00 x 105 1
35.0 6.00 x 10° 60.0 6.70 x 10° g 70.0 5.00 x 10°
4 3 3
30.0 2.80 x 10 e 60.0 8.10 x 10 65.1 7.00 x 10
4 4 3
30.0 3.40 x 10 50.0 1.48 x 10 h 60.0 9.00 x 10
4 4 4
30.0 5.20 x 10 40.0 2.89 x 10 i 55.0 1.80 x 10
5 4 4
25.0 1.22 x 10 40.0 3.91 x 10 50.0 1.50 x 10
5 4 4
23.0 1,17 x 10 40.0 4.12 x 10 50.0 3.10 x 10
5 4 4
21.0 3.42 x 10 35.0 8.97 x 10 45.0 6.60 x 10
20.0 6.59 x 10° 30.0 1.57 x 10° 40.0 9.70 x 10%
20.90 1.12 x 106 (disc) 30.0 1.72 x 105 35.0 1.76 x 105
5 5 5
18.0 7.44 x 10 25.0 5.82 x 10 30.0 4,43 x 10
17.0 1.56 x 106 (disc) 23.0 1.37 x lO6 (disc) 27.0 1.19 x lO5
16.0 1.49 x 106 (disc) 22.0 1.10 x 106 (disc) 25.0 8.12 x 105
22.0 1.12 x lO6 (disc) 25.0 1.02 x 106 (disc)
20.0 6.94 x lO6 (disc) 23.5 1.00 x lO6 (disc)
23.5 1.03 x 10° (disc)
a. Stress ratio (R) = -1.
b. Stress concentration (K ) = 3.5.
t
¢ thru 1, Specimen previously run at indicated stress for number of cycles shown without
failure,
Stress
Footnote (1000 psi) Cycles
c 20.0 1.12 x 106
d 16.0 1.49 x 10°
e 17.0 1.56 x 106
f 22,0 1.12 x lO6
g 23.0 1.37 x lO6
h 22.0 1.10 x 106
i 20.0 6.94 x ].O6
j 23.5 1.00 x 10°
K 23.5 1.03 x 10°
25.0 1.02 x 10°
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Table B-29 TFatigue Propertiesa of Welded ALISI 321 Stainless Steel Alloy

B-29

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3 3 3
40.0 1.00 x 10° p 80.0 1.10 x 107 e 100.0 2.00 x 107 g
40.0 2.00 x 103 80.0 3.60 x 103 100.0 6.00 x 103 h
40.0 3.00 x 103 80.0 5.70 x 103 f 90.0 4.00 x 1()3 i
40.0 4.00 x 103 c 80.0 7.90 x lO3 90.0 2.90 x lO4
40.0 5.00 x lO3 60.0 5.06 x 104 80.0 9.00 x 103
3 4 4
40.0 6.00 x 107 d 50.0 5.49 x 10 70.0 5.20 x 10
30.0 2.30 x 104 40.0 1.58 x 105 70.0 5.20 x 104
4 4 4
30.0 6.60 x 10 35.0 8.61 x 10 60.0 3.40 x 10
4 5 5
25.0 7.20 x 10 35.0 2.01 x 10 50.0 1.33 x 10
25.0 1.90 x 105 35.0 1.30 x 106 45.0 2.45 x 105
22.0 1.53 x lO6 (disc) 30.0 4.10 x 105 40.0 3.61 x lO5
20.0 7.89 x lO5 30.0 1.12 x 106 (disc) 30.0 8.22 x lO5
20.0 1.07 x 10° 30.0 1.90 x 10° (disc) 27.5 1.0 x 10° (disc)
20.0 L.45 x 106 28.0 2.24 x 106 27.5 1.005 x 106 (disc)
18.0 1.20 x 10% (disc) 27.5 1.103 x 10° (disc)
18.0 4,50 x 106 (disc)
a. Stress ratio (R) = -1.
b thru i, Specimen previously run at indicated stress for number of cycles shown without

failure,

Footnote

b

a o

S 00 O

"N

Stress
(1000 psi)
22,0

18.0
18.0
30.0
30.0
27.5
27.5
27.5

Cycles

1.53
1.20
4.50
1.90
1.12
1.01
1.00
1.10

X

X

X

e e e e e~ =
O O O O O O ©
O OO O O O OV

—
(=]




B-30

ble B-30 Fatigue Properties®

Martin~CR-65-70

of Unnotched Parent Metal A-286 Stainless Steel Alloy

Temperature
70°F -320°F ~423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
3
55,0 2,00 x 10 90.0 Failed Immediately 90.0 1.00 x 103
50.0 3.00 x 103 90.0 1.00 x 102 f 87.5 1.00 x 103
3 2 3.
50.0 4,50 x 10 86.0 1,00 x 10 87.5 1,00 x 107 i
3 2 3
50.0 5.50 x 10 b 85.0 1,00 x 10 86.0 3.00 x 10
3 3 4
48,0 6.00 x 107 ¢ 84.0 2,10 x 107 ¢ 85.0 1.10 x 10" j
4 4 4
48,0 6.00 x 10 83.0 4,80 x 10" h 80.0 1,60 x 10
4 2 5
47.5 5.60 x 10 81.0 2,00 x 10 78.5 1.03 x 10
4 4 4
47.0 6.20 x 10 d 80.0 4,29 x 10 78.0 1.00 x 10" k
4 4 5
45.0 5.00 x 10" e 80.0 6.28 x 10 77.5 1.06 x 10
4 5 5
45,0 5.10 x 10 75.0 1,77 x 10 75.0 5.33 x 10
5 5 5
40.0 2.35 x 10 70.0 3.34 x 10 70.0 8.95 x 10
5
38.0 6.18 x lO5 62.0 5.03 x 105 65.0 9.98 x 10
35.0 1.11 x 10° (disc) 60.0 7.30 x 10° 65.0 1.03 x 10° (disc)
32.5 1.13 % 106 (disc) 55.0 1.16 x 106 (disc) 65.0 1.06 x 106 (disc)
6 6 . 6 .
32.0 1.01 x 10 55.0 1.42 x 10" (disc) 65.0 1.22 x 10 (disc)
6 6
30.0 1.11 x 10 (disc) 40.0 1.13 x 10" (disc)
6
30.0 1.37 x 10 (disc)
a., Stress ratio (R) = -1,
b thru k., Specimen previously run at indicated stress for number of cycles shown without failure,
Footnote Stress (1000 psi) Cycles
b 35.0 1,11 x 106
¢ 30.0 1.11 x 106
d 32.5 1.13 x 106
e 30.0 1.37 x 106
£ 40.0 1.13 x 106
g 55.0 1.42 x 10°
h 55.0 1.16 x 106
i 65.0 1.03 x 106
65.0 1.06 x 106
k 65.0 1,22 x 106
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Table B-31 Fatigue Propertiesa of Notchedb Parent Metal A-286 Stainless Steel Alloy

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Tension Tension
Stress Stress Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
50.0 1.00 x 103 70.0 2.40 x 103 90.0 2.00 x 103
45.0 1.00 x 10° ¢ 65.0 7.60 x 10° . 80.0 5.00 x 10°
3 3 3
45,0 1,50 x 107 d 60,0 8.00 x 107 e 70.0 9.00 x 10” h
3 3 4
45.0 1,50 x 10 60.0 8.70 x 10 60.0 1.30 x 10" i
40.0 6.50 x 103 60.0 9.70 x 103 f 55.0 1.90 x 104 j
4 4 AEA
35.0 2,00 x 10 60.0 1,44 x 107 g 50.0 2.70 x 10
4 4 4
32.5 1.95 x 10 50.0 2.75 x 10 45.0 6.90 x 10
4 4 4
30.0 2.20 x 10 40.0 4.91 x 10 40.0 8.10 x 10
27.0 5.75 x 104 32.0 9.52 x 104 27.5 9.60 x 104
5 4 5
‘ 25.0 1.18 x 10 30.0 9.26 x 10 20.5 4,97 x 10
23.0 1.34 x 10° 28.0 8.90 x 10" 17.5 6.16 x 10°
21.5 6.12 x 105 27 .0 1.72 x 105 13.5 7.99 x 105
20.0 5.11 x 10° 26.0 2.59 x 10° 13.5 1.02 x 10° (disc)
20.0 1.10 x 10% (disc) 26.0 1.10 x 10° (disc) 13.5 1.07 x 10% (disc)
6 6
20,0 1,12 x 1.06 (disc) 26.0 1.31 x 10 (disc) 12.5 1.04 x 10" (disc)
24,0 1,18 x 106 (disc)
a. Stress ratio (R) = -1,

b. Stress concentration (Kt) = 3.5,

¢ thru j, Specimen previously run at indicated stress for number of cycles shown without failure.

Footnote Stress (1000 psi Cycles
c 20.0 1.10 x 106
d 20.0 1.12 x 10°
e 24,0 1.18 x 106
£ 26.0 1.10 x 10°
g 26.0 1.31 x 10°
h 12.5 1.04 x 10°
1 13.5 1.07 x 10°
3 13.5 1.02 x 10°
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Table B-32 Fatigue Propertiesa of Welded A-286 Stainless Steel Alloy

Temperature
70°F ~320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
47.0 5.00 x 10° b 60.0 9.70 x 10° 85.0 3.00 x 10°
45.0 2.50 x 103 56.0 6.30 x 10° 80.0 5.00 x 10°
42.0 3.50 x 10° ¢ 55.0 3.70 x 10* 75.0 1.00 x 10° ¢
40.0 1.00 x 10* 52,0 1.09 x 10% 70.0 1.00 x 10%
35.0 2.20 x 10% 50.0 1.10 x 10° e 65.0 5.00 x 107
32.0 0.00 x 10 4 45.0 4.41 x 10% 60.0 1.90 x 10% h
4 4 4
32.0 2.90 x 10 40.0 1.04 x 10 ¢ 55.0 3.40 x 10% i
4 4 4
30.0 7.10 x 10 40,0 5.17 x 10 50.0 7.70 x 10
25.0 8.95 x 10% 35.0 2.03 x 10° 45.0 1.96 x 10°
20.0 1.47 x 10° 33.0 1.94 x 10° 40.0 4.52 x 10°
18.0 2.43 x 10° 31,0 4.56 x 10° 35.0 3.92 x 10°
17.0 5.95 x 10° 31.0 1.01 x 10° 30.0 2.30 x 10°
16.0 1.12 x 10° (dise) 30.0 1.47 x 10° 30.0 1.01 x 10° (disc)
16.0 1.13 x 10% (dise) 28.0 1.42 x 10° 30.0 1.01 x 10% (disc)
15.0 1.12 x 10% (dise) 26.0 2.29 x 10° 25.0 1.06 = 10° (disc)
20.0 8.34 x 10°
6
18.0 1.13 x 10 (disc)
18.0 1.26 x 10° (disc)

a,
b thru i.

Stress ratio (R) =
Specimen previously run at indicated stress for number of cycles shown without failure.

-1,

Footnote
b

a o

f= 2 SR

o,

Stress

1000 psi
16.0
15.0
16.0
18.0
18.0
30.0
25.0
30.0

Cycles

1.12
1.12
1.13
1.13
1.26
1.01
1.06
1.01

X

X

X

e =
O O O O O ©
[= 20 o S A - > AR » A« Y

—
[=}
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Table B-33 Fatigure Propertiesa of Unnotched

Parent Metal Inconel 718 Nickel Alloy

B-33

Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
85.0 5.00 x 102 102.0 1.41 x 105 120.0 1.00 x 103
80.0 1.00 x 10° 100.0 1.40 x 10° 120.0 1.00 x 10° g
77.0 1.00 x 103 b 100.0 3.31 x 104 115.0 1.00 x 103 h
77.0 2.00 x 103 c 99.0 2.01 x 10A 112.5 1.00 x 103 i
75.0 3.00 x 103 98.0 1.30 x 103 e 112.5 2.00 x 103
75.0 9.00 x 10° 98.0 5.10 x 10° £ 111.0 1.41 x 10°
75.0 4,20 x 104 d 98.0 1.05 x 104 111.0 1.49 x 105
73.0 2.20 x 104 95.0 3.94 x 104 110.0 3.90 x 104
73.0 5.70 x 104 90.0 2.04 x 105 107.5 2.72 x 105
70.0 1.09 x 10° 90.0 3.10 x 105 105.0 4,64 x 10°
70.0 1.55 x 105 85.0 2.00 x 102 100.0 3.08 x 105
65.0 2.14 x 105 85.0 4,02 x 105 100.0 3.87 x 10°
60.0 9.32 x 105 80.0 1.00 x 103 100.0 1.16 x 106 (disc)
60.0 1.18 x 10° (disc) 80.0 1.93 x 10° 97.5 1.01 x 10° (disc)
60.0 1.36 x 106 (disc) 80.0 6.27 x 105 95.0 1.14 % 106 (disc)
57.0 1.27 x 10° (disc) 70.0 1.09 x 10°
70.0 1.53 x 10°
70.0 1.10 x 106
68.0 1.13 x 106 (disc)
68.0 1.21 x 106
66.0 1.18 x 10° (disc)
a. Stress ratio (R) = -1.
b thru i. Specimen previously run at indicated stress for number of cycles shown without failure.

Footnote

5 0 m 0o A 0 o

e

Stress (1000 psi)

57.0
60.0
60.0
68.0
66.0
95.0
100.0
97.5

Cycles

1.27 x 10
1.18
1.36 x
1.13 x
1.18 x
1.14
1.16 x
1.01

—
o

X

-
(=

—_ = = e
(=== = =)
A NN O8O O
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Table B-34 Fatigue Propertiesa of Notchedb Parent Metal Inconel 718 Nickel Alloy
Temperature
70°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure

75.0 2,00 x lO3 c 85.0 2.80 x 103 £ 90.0 6.00 x 103 h
75.0 3.00 x 10° 85.0 4.10 x 10° 80.0 1.10 x 10% 3

3 3 4
75.0 3.00 x 107 d 85.0 5.30 x 107 ¢ 75.0 1.10 x 10 j
70.0 4,00 x 103 e 80.0 5.50 x 103 70.0 8.00 x 103

3 3 4
70.0 5.00 x 10 75.0 9.40 x 10 65.0 2.40 x 10
65.0 9.00 x 103 70.0 1.25 x 104 60.0 3.10 x 104

4 4 4
60.0 1.60 x 10 65.0 1.77 x 10 50.0 5.30 x 10

4 4 5
50.0 5.00 x 10 60.0 3.08 x 10 45.0 2.11 x 10
45.0 7.40 x 104 50.0 1.02 x 105 40.0 2,23 % 105
40.0 5.58 x 10° 45.0 3.66 x 10° 35.0 1.37 x 10°
35.0 3,22 x 105 40.0 3.25 x 105 35.0 2.94 x 105
35.0 1.42 x 106 (disc) 38.0 4,29 x 105 35.0 1,18 x 106 (disc)
33.0 3.28 x 1.05 38.0 7.10 x 105 30.0 6.02 x lOs
32.0 1.19 x 10° (disc) 36.0 4.76 x 10° 22.5 1.09 x 10° (disc)
32.0 1.29 x 106 (disc) 36.0 9.21 x 10S 22.5 1.13 x 106 (disc)

35.0 1.21 x 106 (disc)
34,0 1.32 x 106 (disc)

a. Stress ratio

b.

¢ thru j.

-1.

Stress concentration Kt = 3,5,

Footnote

[~V o]

g 00 e

o8

Stress

1000 psi
32.0
32.0
35.0
35.0
34.0
22.5
35.0
22.5

Cycles
1.29
1.19
1.42
1.21
1.32
1.09
1.18 x
1.13

—
(=]

X

—
(=]

X

X

e = = =
O O O O
oo 8 O O O

—
<

Specimen previously run at indicated stress for number of cycles shown without failure.
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Table B-35 Fatigue Propertiesa of Welded Inconel 718 Nickel Alloy

Temperature
70°F -320°F -423°F
Maxinum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
75.0 1.00 x 103 105.0 2.20 x 103 115.0 1.00 x 103 i
72.0 2.00 x 103 100.0 4,10 x 103 110.0 5.00 x 103 j
70.0 6.00 x 10° 95.0 5.60 x 10° 100.0 6.00 x 10> k
65.0 4,00 x 103 90.0 1.40 x 104 90.0 8.00 x 103
60.0 1.00 x 10> b 90.0 1.61 x 10% £ 87.5 2.10 x 16%
60.0 2.00 x 103 c 90.0 2,64 x 104 g 87.5 7.80 x 104
60.0 9.00 x 103 90.0 4,24 x 104 h 85.0 6.70 x 104
55.0 7.00 x 103 d 80.0 4,43 x 104 80.0 6.50 x 104
55.0 1.50 x 104 e 70.0 7.52 x 104 75.0 8.20 x 104
55.0 2.20 x 104 65.0 4.71 x 104 75.0 1.71 x 104
50.0 1.41 x 10S 60;0 3.05 x 105 65.0 2.87 x 105
. 45.0 3.30 x 104 57.0 1.42 x 106 60.0 1.46 x 105
40.0 2.52 x 105 55.0 1.73 x 105 55.0 1.05 x 106 (disc)
35.0 5.46 x 10° 50.0 4.43 x 10° 55.0 1.07 x 10° (disc)
34.0 1.11 x 10° (disc) 45.0 1.11 x 10% (disc) 50.0 1.00 x 10° (dise)
30.0 1.14 x 10% (disc) 45.0 1.11 x 10° (dise)
30.0 1.14 x 10% (aise) 45.0 1.15 x 10% (disc)
30.0 1.30 x 106 (disc)
a. Stress ratio (R) = -1.
b thru k. Specimen previously run at indicated stress for number of cycles shown without failure.
Stress
Footnote 1000 psi Cycles
b 30.0 1.30 x 10°
c 30.0 1.14 x 10°
d 30.0 1.14 x 10°
e 34.0 1.11 x 106
£ 45.0 1.15 x 10%
. 45.0 1.11 x 10°
h 45,0 1.11 x 106
i 55.0 1.05 x 106
j 50.0 1.00 x 106
X 55.0 1.07 x 10°
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Table B-36 Fatigue Propertiesa of Unnotched Parent Metal Hastelloy C Nickel Alloy

Temperature
7JO°F -320°F -423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
80.0 1.00 x 103 95.0 6.70 x ].O3 120.0 1,00 x 103 £
70.0 2.00 x 103 b 95.0 2,25 x 104 110.0 1,00 x 103
70.0 5.00 x 103 90.0 7.00 x 102 c 110.0 1.00 x 103 g
65.0 6.00 x 103 90.0 1.00 x 103 d 108.0 6.00 x 103
62.0 3.74 x 105 90.0 2.77 x ].04 107.5 1.40 x 104 h
60.0 1.58 x 10° 90.0 7.08 x 10% 105.0 4.10 x 10%
60.0 4.03 x 105 85.0 2,00 x 103 e 102.5 3.30 x 104
55.0 7.40 x 105 85.0 7.15 x 104 100.0 1.85 x 105
50.0 1,17 x ].O6 80.0 6.52 x 105 95.0 2,97 x 105
6 5 4
50.0 1.20 x 10 80.0 7.35 x 10 94.0 2,80 x 10
48.0 9.28 x 105 76.0 9.57 x 105 90.0 1.00 x 106 (disc)
46.0 1.90 x 10° (disc) 75.0 1.18 x 10° (disc) 90.0 1.02 x 10° (disc)
75.0 1.18 x 106 (disc) 90.0 1,07 106 (disc)
75.0 1.28 x 10°
60.0 1.69 x 1.06 (disc)
a. Stress ratio (R) = -1,
b thru h. Specimen previously run at indicated stress for number of cycles shown without failure.
Footnote Stress (1000 psi Cycles
b 46.0 1.90 x 10°
c 60.0 1.69 x 106
d 75.0 1.18 x 106
e 75.0 1.18 x 106
£ 90.0 1.02 x 10°
g 90.0 1.00 x 106
h 90.0 1.07 x 10°
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‘ Table B-37 Fatigue Propertiesa of Notchedb Parent Metal Hastelloy C Nickel Alloy
Temperature
70°F =320°F =423°F
Maximum Maximum Maximum
Tension Stress Tension Stress Tension Stress
(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
65.0 3.00 x 103 70.0 3.00 x 103 e 90.0 2.00 x 103 g
60.0 1.00 x 103 c 65.0 9.0 x 103 80.0 7.00 x 103 h
55.0 7.00 x 1.03 60.0 9.2 x 103 £ 75.0 7.00 x 103 i
55.0 1.00 x 10[‘ d 60.0 1.12 x 104 65.0 1.60 x 104
50.0 1.60 x 104 50.0 2.89 x 104 60.0 1.90 x 104
40.0 3.70 x 104 40.0 1.37 x 104 54.8 3.80 x 104
30.0 1.43 x 10° 40.0 5.72 x 10° 50.0 3.20 x 10%
25.0 3.17 x 105 36.0 1.99 x 105 45.0 5.60 x 104
22,0 5.05 x 10° 35.0 1.49 x 10° 42.9 5.60 x 10°
20.0 1.07 x 10° 30.0 6.62 x 10° 35.4 2.84 x 10°
18.0 1.53 x 106 25.0 6.28 x 105 30.0 5.09 x 105
18.0 1.15 x 106 (disc) 22.0 1.16 x 106 (disc) 27.5 3.75 x 10S
18.0 1.12 x ].06 (disc) 20.0 1.13 x 106 (disc) 25.0 3.90 x 105
‘ 20.0 1.46 x 10° 22.4 3.16 x 10°
20.0 2.86 x 10°
17.5 6.25 x 10°
13.0 1.02 x 106 (disc)
13.0 1.07 x 10° (disc)
13.0 1.12 x 10° (disc)
a. Stress ratio (R) = -1.
b. Stress concentration (Kt) = 3.5.
c thru i, Specimen previously run at indicated stress for number of cycles shown without failure,

Footnote

c
d

M T 00 o

Stress

1000 psi

18.0
18.0
22.0
20.0
13.0
13.0
13.0

Cycles

1.15 x 10
1.12 x 10
1.16 x 10
1.13 x 10
1.12 x 10
1.07 x 10
1.02 x 10

o o 0 O
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Table B-38 Fatigue Properties® of Welded Hastelloy C Nickel Alloy

Temperature
70°F -320°F ~423°F
Maximum Maximum Maximim
Tension Stress Tension Stress Tension Stress

(1000 psi) Cycles to Failure (1000 psi) Cycles to Failure (1000 psi) Cycles to Failure
75.0 2.00 x 10° 105.0 5.50 x 10° 130.0 1.00 x 10> n
70.0 3.00 x 10° 100.0 6.00 x 10° 120.0 9.00 x 10° i
65.0 5.00 x 10° 95.0 2.23 x 10* 110.0 1.00 x 103
60.0 3.00 x 10° b 90.0 4.09 x 10% 105.0 5.00 x 10% j
60.0 5.00 x 10° ¢ 90.0 4.55 x 10% e 100.0 1.70 x 10%
60.0 9.00 x 10° d 80.0 3.34 x 10° 95.0 2.20 x 10%
60.0 3.00 x 10% 80.0 6.99 x 10* £ 90.0 1.16 x 10°
55.0 1.30 x 10” 75.0 9.81 x 10% ¢ 80.0 4.43 x 10°
50.0 6.90 x 10% 70.0 6.27 x 10% 75.0 1.03 x 10°
48.0 2.03 x 10° 65.0 1.19 x 10° 70.0 7.90 x 10°
45.0 5.58 x 10° 60.0 4.41 x 10° 65.0 5.00 x 10°
40.0 5.20 x 10° 57.0 1.01 x 10° 60.0 3.11 x 10°
38.0 6.79 x 10° 56.0 5.71 x 10° 60.0 1.04 x 10% (disc)
35.0 .14 x 10° (disc) 53.0 7.56 x 10° 55.0 1.00 x 10° (disc)
35.0 1.17 x 10° (disc) 50.0 1.12 x 10% (disc) 55.0 1.01 x 10° (disc)
35,0 1.19 x 10° (disc) 50.0 1.13 x 10° (disc)

50.0 1.16 x 10° (disc)

a. Stress
b thru j.

ratio (R) = -1.
Specimen previously run at indicated stress for number of cycles shown without failure.

Footnote

b

a o

g0 Ho0

o

Stress (1000 psi Cycles
35.0 1.14 x 10°
35.0 1.17 x 10°
35.0 1.19 x 10°
50.0 1.16 x 10°
50.0 1.12 x 10°
50.0 1.13 x 10°
55.0 1.00 x 10°
55.0 1.01 x 10°
60,0 1.04 x 10°
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