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FOREWORD
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ABSTRACT

In this report are given not only the fatigue properties of many
structural materials but also the "statilc" properties and such other supple-
mentary information as was given 1n the references consulted, The data are
in general from room temperature tests, but a few data are given on tests at

higher temperatures., The data are presented 1n tables and on curves, supple-
mented by brilef dlscussions in the text.
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SECTION I. INTRODUCTION

1.1 Purpose of This Report

The purpose of this report is to provide research and design engineera
and metallurgists with, as nearly as possible, complete data as to the "room
temperature" fatigue properties of structural materials, and a few high temper-
ature properties, as determined in the laboratory. Also, since these properties
can 8o radically changed by so many different variablea, as discussed in ref.
(1) the report presents for each item all of the special conditions under which
its reported fatigue properties hold good as far as they are stated in the
references,

The values of fatigue strength for a specified cycle life, listed under
Se in the tables, must of course be understood to be an average or median value.
In other words, only about one-half of the specimens tested had as much strength,
and the other half showed less than the tabulated strength. In the few cases in
which a value of the "standard deviation" 1s given, some extrapolation downward
may be justifiable, but it must be done cautiously. Reference (2) should be
consulted for a discussion of the statistical analysis of fatigue data.

1.2 The Format of The Report

The information gathered from the references 1is presented in tables,
figures and brief discussions., FEach individual value of Se 1s gilven a line in
the proper table, and an "Item" number in the table. In these tables, the data
for each item begin on the left hand page, ani are continued on the right hand
page, on which the item numbers are repeated., Information not covered by the
toplcs in the tables 1is gilven in the brief discussions to be found in Sections
I1I to VII and on the figures referred to in the discussions., A list of the
:aterials, with Table, Paragraph, and Figure numbers, is given at the back of

he report.

1,2 Notation

A Ratlo of Alternating to Steady Stress
AC Air Cool
cpm Cycles per minute
Elong. Elongation (Static)
FC Furnace Cool
Ht. Heat
ksi Thousands of psi
K¢ Geometric (Theoretical) Stress Concentration Factor
0Q 0il Quench
R' Ratio of Minimum to Maximum Stress
R Root Radius of Notch
R.A. Reduction of Area (Static)
RAT Reductlion of Area, Transverse
R.T. Room Temperature
Se Fatigue Strength, Fully Reversed Stress, for Indicated
Number of Life (Cycles
Sm Mean (Steady) Stress
St. Dev, Standard Deviation of Fatigue Strength
UTS Ultimate Tensile Strength ?Static)
WC Water Cool
YP Yield Point (Static)

i/ Menuscript released by the author March 21, 1960 for publication as a
WADD Report.
_/ Numbers in parentheses refer to the Bibliography.
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SECTION II, STEELS

2.1 General

Steels given SAE or AISI numbers are placed in Tables I to III.
Other steels, in general, are listed as Speclal Steels and will be found in
Table IV. These are steels designed by the steel-makers, usually for various
specific flelds of application. Stainless steels, however, have been clas-
sified as Heat Resistant Alloys and listed in Table V, since they offer
considerable resistance to corrosion under high temperature conditions,

The long-life (N = 107) fatigue strength of smooth steel specimens,
and also of specimens notched with theoretical stress concentration factors
anywhere from 2.0 to 4.0, have been plotted on Fig. 1. Steels that have been
carburized or nitrided are not plotted on the figure.

2.2 Discussion qof Data in Tables I to IV

2.2.1 SAE Steels 1008 to 4335

Items 1-3 Ref, 3
These tests on SAE 1008 steel were run primarily to see if lowe -
the carbon content nearly to the vanishing point would lower, or elimina‘ @

"fatigue 1imit" of the iron., Fig. 2 shows the S-N curves for the 1008 st
before and after decarburizing. It must be pointed out that the effect sh..a
on this very low carbon steel cannot be extrapolated to predict the results of
partial decarburization of modern high strength steels.

Items 4-5 Ref., 4

The 1020 steel was "hot-rolled bar stock . . . of electric melted
steel", S-N curves are given on Fig. 3.

Items 6-23 Ref., 5

In this series of tests the "cast steels were supplied in coupon form,
the wrought steels in the form of hot-rolled stock”., Eight to eleven specimens
were tested for each S-N curve. The tests were primarily to study the relative
merits of cast and wrought steels, For the materials tested the authors con-
clude that "there 1s no advantage of one material over the other at either
small or large numbers of cycles when critically shaped notclies are present in
steels tested in fatigue", Figs. U to 7 give S-N curves for the 1040 steel.
(See also data on 4135, 4140, 8630 and 8640 steels),

Items 24-30 Ref. 6

Materlal is Smooth 2315 Steel. Specimens were carburized to a depth
of 0,041" to O.0O44", €. O shows S-N curves, These studles were made in
connection with studies of the fatigue of full-scale rear-axle automobile
gears, The gears falled at fatigue strengths, or lives, much less than the
tests predicted, therefore the authors of reference 6 concluded that stress
concentrations due to designs or machining marks, etc., were more responsible
for the fallures than the choice of one steel rather than another of those
studied., NOTE: There 13 no particular significance in the fact that "Item
30" is in the same block as Item 27, on Fig. 8.

Items 31-33 Ref, 6
Material is Notched 2315 Steel. A peculiar design for notched R. R.
Moore specimens was used, The gesIEn 18 shown in Fig. 9. Authors of ref, 6
WADD TR 60-42 2




say: "Stresses . . . were calculated at the surface opposite the notch. Because
of the shape of the cross-section through the notch, this point is more highly
stressed than in the center of the notch., PFallure starts, however, at the
intersection of the bottom of the notch with the surface where the stress is
apperently highest. No method is known for calculating stress at that point;
therefore, the value obtained for the surface opposite the notch was used in
plotting curves". In the "Discussion", R. E. Peterson says: "An Approximation
can be obtained by means of the Neuber solution, reference 7, which gives a
stress concentration factor of 3.14 for the two-dimensional case and 3,47 for

the three-dimensional case". S-N curves are given in Pig. 10,

Items 34-37 Ref. 6

Material is Smooth 2330 Steel for Items 34-36 and Notched 2330 Steel
for Item 37. See Items 2% to gg above for general discussion, S-N curves for
Smooth Carburized 2330 are shown in Fig. 11. S-N curve for Notched Carburized
2330 is shown in Fig. 12,

Items 38-39 Ref. 8

The "endurance limits" for this SAE 2340 steel were obtained from a
few specimens. The reference shows an S-N curve, Fig. 13, for notched specimens
only, based on eight specimens,

Items 40-44 Ref. 10

For this SAE 4130 steel, approximate S-N curves for fully reversed
stressing, plotted from data in the reference, are given in Fig, 14, Pig. 15
shows the effect of mean (steady) stresses superimposed on the alternating
stresses. In general, the S-N curves upon which these items depend were each
based on from five to ten or fifteen specimens,

Items 45-52 Ref, 5

Discussion of Items 6-23 applies also to these items on 4135 and 4140
steel.

Item 53 Ref. 11

Etching showed the grain flow of this 4320 steel to be transverse
to the axis of the specimens, Statlic properties are given as determined at
Wright FPield "Tested transverse to the direction of rolling". Fig. 16 shows
the S-N curve as traced from the reference report.

Items 54-’52 Ref, 12

Thest tests show the nitrided notch strength to be about triple the
unnitrided notch strength for this 4320 steel. Comparison of Items 56 and 55,
or 59 and 58, indicates that increasing the time of nitriding from 8 to 15
hours increased the long life fatigue strength of the specimens tested by
about 15 percent.

Ttems 60-67 Ref. 13

Most of the data for static properties of this 4330 steel and all
data for fatigue properties were scaled from various charts in the reference
report. The material is described as "hot rolled from commercial, electric-
f;rggce heats”", The S-N curves taken from the report are given on Figs,

1 - L)
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Items 68-73 Ref, 14

These six values of Se for 4330 steel indicate variations among
three different heats of steel, and between longitudinal and transverse speci-
mens cf each heat. The reference gives 95% confidence limits for each Se,
amounting to from 1.6 to 4.4 ksi. These tests were made by the Prot method
which theoretically gives Se for infinite 1life, Static properties are averaged
from tests of two to four specimens. The small differences among them are
probably not as significant as they appear to be,

Items T4-TT Ref, 5

Discussion of Items 6-23 applies also to these items on 4335 steel,
2,2.2 SAE Steels 4340 and 4350

Items 1, 2 Refs., 1§.16

It should be noted that by changing the heat treatment the item 2
steel was given a different microstructure and a reduced tensile strength. It
may be presumed that this accounts for the reduced fatigue strength of the item
2 steel, The method of computing stresses as reported in reference 15 was re-
viewed in reference 16 and certain inaccuracies pointed out. The stresses
reported herein are based on the findings of reference 16, both in the data
tables and on the S-N curves, Figs,., 22 and 23,

The S-N curves, Figs, 22 and 23, show the statistical variability of
the two steels, Note that the finite 1ife varlability was obtained by analyzing
constant-stress data, whereas the endurance limit varlability was obtained by
analyzing constant-life data. A large number of specimens was used for these
studies, which gives a high degree of confidence to the results‘ for the type of
specimen used and the manner of testing. The "endurance limits" for these items
may be presumed to be lower than would have been obtained if the specimens had
been "round, rotating" instead of "rectangular-cantilever". (See Figs. 14, 15,
16 of reference 23). The implication of the report, reference 15, is that
inclusions rather than surface finish, determined fatigue strength., (Surface
finish is not reported for these specimens.).

Items 3-12 Ref, 17

The reference reports a size-effect study on specimens of SAE 4340
steel for sizes from 1/8 inch to 1 3/4 inch diameter. There is an implied con-
clusion in the reference that size effect is extremely small, in case ol extra-
polating from test results on specimens in the neighborhood of 2" diam. to
specimens of greater size,

Considerable variability appears in the detailed data of this refer-
ence, The authors of the reference believe it to be due, at least to a consid-
erable degree, to non-uniformity both transversely and longitudinally in
metallurgical structure of the 3" dlameter bars used as source material.
(Photomicrographs show pronounced bending in some of the longitudinal sections.)
This is thought, by the authors, to account for the disproportionally low
endurance 1limit of the notched 1 3/4" diameter specimens,

Fig. 24 shows S-N curves from the reference report, Each of the
curves, as shown, is based on only about a dozen test specimens,

Items 13-16 Refs. 18,19,20

Fig. 25 based on reference 20, shows individual S~N curves for fully
reversed axial tests on four hardnesses of the steel, The curves for smooth
specimens were derived by extrapolation from tests on notched specimens, The
two curves for the 190 ksi UTS steel represent specimens from different dars.
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Twelve specimens were tested for each S-N curve on Pig. 25,

Items 17-20 Ref. 21

These steels are called SAE 4340 but they are somewhat low in carbon,
particularly items 19 and 20, This fact should be taken into acocount in con-
sidering either the static or the fatigue strengths, both of which might have
been a little higher if the carbon had been chosen to the usual 4340 specifi-
cations,

It is to be noted that two heats of steel were used, each hardened
to about the same static strength as the other. However, one of the heats
(items 17 and 18) showed low ductility in the direction transverse to forging,
and correspondingly low fatigue strength in the transverse direction, This heat
also showed more variability in the transverse tests than in the longitudinal
tests,

Each value of Se in the data table is based on a staircase test of
about 50 specimens., The S-N curves, Figs. 26 and 27, were obtained by combin-
ing the staircase (2) test results with the results, in each case, of about 15
additional specimens tested at constant stress, The 2 O gurves show scatter
in finite 1life., Scatter in long-l1ife strength, shown in the data table, was
determined from the staircase tests,

Items 21-26 Ref, 22

In this report on high temperature fatigue tests, a considerable
amount of data were obtained on 4340 steel at room temperature. These data are
presented herein, The discovery of a few unusually large inclusions led to
considerable study of the cleanliness of SAE 4340 steel, "Micro-examination
of the specimens made by the metallurgical laboratory of the Republic Steel
Ccorporation revealed some fine dispersed globular non-metallic inclusions
throughout the matrix of the steel, . . . . the inclusions proved to be carbor-
undum crystals with silicate glass, . . . which 1s probably a deoxidation
product rather than a product of refractory erosion. . . . Check tests with
supposedly clean material, submitted by Republic Steel Corporation especially
for this purpose, revealed negligible influence in this respect. However, in
a few specimens of this material, submitted by Republic Steel Corporation,
small inclusions of the same appearance were found, which may indicate that
the SAE 4340 steel in general is permeated by this composition",

S-N curves, Figs. 28 and 29, give information regarding items 21, 23,
24 and 26, Data for items 22 and 25-were obtained from tests run at "zero to
maximum tension". 1In such tests, the mean (steady) stress varies continuously
throughout the S-N curve, so that a curve of the type of those on Fig. 29 cannot
be drawn, Alternating stress-steady stress dlagrams (modified Goodman diagrams)
are given for both smooth and notched specimens on Fig, 30.

Items 27, 28 Ref, 23

Fig. 31 shows the "control" S-N curves for 4340 steel obtained by
the authors of reference 22 incidental to the main purpose of their tests,
which were studles of the effect of varying amplitude.

Items 29-39 Ref, 24

Fig. 32 shows results of tests of 4340 steel, especially at high stress
levels, Heating effects shortened life of high stress level specimens so serious-
ly that cpm were reduced, for them, from 3450 to 90.

Note that curves for items 38 and 39 show alternating stresses only,
and that for any value shown on these curves there was also a steady stress of
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magnitude equal to the maximum tensile alternating component; - in other words,
the tests were "pulsating”, i.e,, zero to tension.

Fig. 33 shows mean "endurance limits" increasing linearly with UTS,
up to 220 ksl UTS. Por higher tensile strengths the "endurance limits® have,
in general, been found to increase at a slower rate for this steel.

Item 40 Ref, 2

The 4340 steel was taken from two propeller shanks, Reference states
that statistical studies show no significant difference in the strength of the
two shanks, therefore, the data from the two shanks were combined,

From Tables II and I1I, p. 887 of the reference, data were taken, and
analyzed by the Step Method (reference 2), which gave the mean endurance limit
at 10! cycles as 86 ksi, and the standard deviation from the mean as 8.0 ksi,
for this steel which had been heat-treated to about 160 ksi UTS.

Items 41-56 Ref, 26

The S-N curves for 4340 steel shown on Pigs. 34, 35, were "drawn
separately by inspection in order to represent the trend of the data”.

The effect of steady stress, as shown in the reference, is shown on
Pigs. 36, 37. Of course, stresses plotted to the right of the yield-point
boundary are more of the nature of modulus-of-rupture points, since the nominal
formula used for calculating them (Mc/I) does not apply in the plastic region.
Note that torsional steady stress, according to Fig. 37, appears to have only
a slight effect on torsional alternating streas.

Items 57-62 Refs. 27,28

S-N curves for 4340 steel are shown on Figs. 38,39,40, At least 280
specimens were used in determining each of the 8ix S-N curvea on these figures.
Between 170 and 200 additional specimens were tested and the results used in
determining the values of Se for each of the items 57, 59, and 61. This gives
an unusual degree of reliability to these values of Se, but only for the single
heat from which all of the specimens were taken.

Items 63-67 Ref. 29

The S-N curves for 4340 steel, for items 63 and 64, appear on Fig. 4l.
Two hundred or more specimens were used for each of the S-N curves, The tests
wers made to "investigate the actual fatigue behavior of SAE 4340 steel in what
has been reported to be a brittle range". The reference states that "the re-
ported brittleness of the 230 ksl UTS steel tested is perhaps not so serious as
had been thought",

For items 65 and 66, the S-N curves are given on Fig, 42, About 450
specimens of vacuum melted steel were tested for each of the curves, Attention
is called, in the reference, to the fact that "the notches cut in the 'notched!
vacuum melted specimens reduced the 1life and strength of the steel to practical-
ly the same values previously found for the air-melted steel"”,

The steel used for item 67 was made by the consumable electrode method.
Only 20 apecimens were tested and the reference suggests that the value of Se
as determined by an abbreviation of the Prot method is subject to some uncertainty.

Items 68-11 Ref, 30

These tests of the transverse fatigue properties of SAE 4340 steel
were made on steel from the same heat that was used for items 57-72.° The purpose
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Yo illl-ti‘.to the relative effect of non-malleable spheroidal inclusions
verse a8 compared with longitudinal specimens. The reference concludes
he nonpnllloablo inclusions in the present steels are not important causes
8-N ourves for the four different hardnesses are given in Pigs.

Items 12"12 Ref. 2

These items show the effeoct of different heat treatments on smooth
and notched 4340 steel,

Items 76-85 Ref. 14

These ten values of Se for 4340 steel indicate variations among five
different heats of steel, and between longitudinal and transverse specimens of
dach heat. The reference gives 95% confidence limits for each Se, amounting
to from 2,0 to 3.8 ksi. These tests were made by the Prot method, which theoret-
i1cally gives Se for infinite 1life. Static propertles are averaged from tests of
two to four specgimens, The small differences among them are probably not as
significant as they appear,

Items 86-87 , Ref. 29

The S-N curves for this 4350 steel, shown on Fig. 47, are based on
about 250 smooth and 250 notched specimens,

Items 88-95 Ref. 14

These eight values of Se for 4350 steel indicate variations among four
different heats of steel, and between longitudinal and transverse specimens of
each heat. The reference gives 95% confidence limits for each Se, amounting to
from 3.5 to 4.5 ksi. These tests were made by the Prot method which theoretical-
ly gives Se for infinite life. Static properties are averaged from tests of
two to four specimens, The small differences among them are probably not as
significant as they appear to be,

2.2.3 SAE Steels 52100 to 283#0
Itens 1-22 Ref, 32

Each S-N curve of the 22 that are shown on Pigs, 48 and 49 was drawn
to represent either 7 or 8 specimens, There 1s not enough 1nformation to warrant
any assumption as to the variances of the "fatigue strengths" listed in Table
III. (The fatigue strengths are given as listed in the reference report.)
Tentative conclusions, as to the effect of various degrees of gentleness in
surface finishing, as shown in the table below, are drawn in the report, but it
1s shown that the differences are so small in many cases that they may not be
significant, Much greater differences occur, in general, between the tests of
round and of flat specimens of the same material., In addition to the effect of
shape, there may be some small difference chargeable to the difference in the
speeds of testing round and flat specimens,

Surface Treatment of Specimens Tested
. for !;Ea. 18, 49 )

No. of

Itenm Surface Treatment Type Specimens
1 Gentle grind & shot peen Round 8
2 Gentle grind n 7T
2 Gentle grind & tumble " y
Dry grind " 8
5 Gentle grind & hand polish & heat treat. " 7
6 Gentle grind & hand polish " T
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No. of

Item Surface Treatment Type Specimens
g Gentle grind Flat 8
Gentle grind & hand polish " 8
9 Severe grind " 8
10 Seveére grind & hand polish " 8
1l Gentle grind & hand polish Round 4
12 Gentle grind & tumble " 7T
1l Gentle grind & shot peen " g

1 Gentle grind "
15 Gentle grind & hand polish & heat treat, " 6
16 Gentle grind & grit blast " 7
1l Severe grind & shot peen Flat 8
18 Gentle grind & shot peen " 8
19 Severe grind & tumble " 8
20 Gentle grind " 8
21 Gentle grind & electropolish " 8
22 Severe grind " 8
Items 23-26 Ref, 32

The four sets of specimens were cut from a tube of 3 5/8" 0.D. and
5/8" I.D., 80 that Items 23 and 25 were from the bore of the tube and Items 24
and 26 were from the outside of the tube, .

Items 27-32 Ref. 33

A comprehensive study by Styri on 52100 steel. Particular attention
is given to the apparent lack of an endurance limit for this steel in the high
hardness state, = Rc 60, - and tc the very conslderable scatter in the test
results, Fig, 50 shows tests apparently comparable with R. R. Moore rotating
cantilever tests. Size of specimens is not stated., A supplementary set of tests
was run on a special (vacuum) melt of 52100 to see if the size of inclusions
affected the degree of scatter. "A wide scatter appears here also, in spite of
the great reduction in size of foreign inclusions",

Items 33-40 Ref. 5

The discussion of Items 6-23 in paragraph 2.2,1 applies also to these
items on 8630 and 8640 steel, S-N curves for cast 8630 steel are given in Pigs.
51 and 52, and for wrought 8640 steel in Figs. 53 and 54,

Items 41-42 Ref, 8

et ———

In the case of the boron steel 14B50, the reference shows an S-N
curve, Fig. 55, for smooth specimens only.

Items 43-52 Ref, 13

For the data in Table III on this boron steel, 98B40, values were
scaled from graphs in the reference report. Figs. 56-60 show the S-N curves
as given in the report.
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2.2.% Specis) Steeis

Jtems 1-6 Ref. 34

S-N curves for these tests of Tricent Steel (now called 300-M) are
given on Fig., 61. Also on the figure are the curves for notched sgecimens of
Xt = 3, 5, and 8, The S-N curves appear in the reference up to 10°® cycles only,
but as they are drawn it is reasonable to assume they would not show much de-
orease in values of Se if they had been carried out to 107 gycles.

Items 1-2 Ref, 2

The two items 7 and 8 on Tricent-Steel apply to steel of about the
same tensile strength as that of item 1, There 1is about 15 percent difference
between values of Se for these items and that of item 1, Attention should be
given to the many differences between the conditione of heat treatment, testing
p:oc:ggﬁea, etc,, in attempting to account for the differences in fatigue
stre .

Item 9, Super Hy-Tuf, was tempered at the same temperature as was Item
5, but was partially stress relieved (300°F). However, it has about the same
fatigue strength as item 5,
Items 10-13 Ref. 34

S-N curves for these steels are given on Figs. 62 and 63 for both
smooth and notched specimens,

Items 14-17 Ref, 13

Data for the Hy-Tuf and Super Hy-Tuf steels were scaled from charts
in the reference., S-N curves are given in Figs. 64-65,
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SECTION III., HEAT RESISTANT ALLOYS

3.1 General

Many of the fatigue strength values given in Table V for these heat
resistant alloys are the room temperature strengths of materials that had been
prepared for high temperature testing. The term "Heat Resistant” is not well
defined, and the inclusion of such alloys as are listed in Table V is rather
arbitrary. Items 64 to T4 of Table XII, 67 to 86 of Table XIII, and 51 to 63
of Table XIV might have been included in Table V,

3.2 Discussion of Data in Table V

Items 1-4 Ref, 35

The effect of nitriding this Perrovac WB-49 steel is shown graphically
on Pig., 66, Notched fatigue strength 18 considerably increased by the nitrid-

ing.

Items 5-6 Ref, 36

The fatigue data for this GMR-235 "high temperature" alloy given in
Table V are room temperature fatigue properties of a material that had been
prepared for testing at temperatures of 1200°F and 1650°F, Room temperature
S-N curves are given on Fig., 67 together with two other alloys.

Item 7 Ref, 37

For Halmo tool steel ghe reference gives a small S-N curve indicating
that the fatigue strength at 10° cycles is appreciably lower than at 107 gycles.
The curve is based on about a dozen and a half specimens,

Items 8-9 Ref, 36

Comments on items 5-6, above, apply to this Hastelloy R-235 alloy.
See Fig. 67 for S-N curve.

Items 10-11 Ref. 38

S-N curves for H-11 alloy bar steel are given on Fig. 68. Special
attention should be given to the scale of stresses on this figure. They show
the combination of steady and alternating stresses at the various atress
levels, Note that as steady stresses increase, the alternating stresses also
increase.

Item 12 Ref. 35

An S-N curve for this H-23 steel, based on 107 specimens, is given
on Fig. 69. ‘

Items 13-14 Refs, 38

The data on Inconel X come from two references, Regarding item 13,
the authors of reference 39 made "exploratory tests on several" heat resistant
materials (S-816, Inconel X, Type 403, TP-2B, TP-2-R). For eagch of the room
temperature S-N curves on Fig. 70, they used five or six specimens, “They
say:- "Although the scatter in the fatigue data is generally relatively small,
these data must be considered only approximate since so few specimens were
used for each curve”.
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. ‘The S-N curve for Inconel X, derived from reference 38, shows a
combination of stead; and alternating stresses on Fig. Tl.

Items 15-16 Ref, 40

Values of Se for the Inconel X-550 were scaled from the S-N curves
on Fig. T2.

.Items 17-26 Ref, 41

These items give high temperature (1700°F) data on cast Inconel
T13¢c. The S-N curves, Figs. 53, T4, were derived from figures given in the
reference. Whereas the reference figures show crest stresses (steady plus
alternating), Figs. 73, 74 show the separate components of crest stress.
Notice that there are two scales on Fig. 73, one for the lower pair of curves
which show the effect on reversed stresses at 1700°F, the other scale for the
?pper air of curves which show the effect (creep) of a steady stress only

A =0).

Item 27 Ref, 42

S-N curves for lLapalloy, and two other alloys for comparison, are
given on Fig. 75. Note that each curve is based on a small number of speci-
mens,

Item 28 Ref. 37

For M-l steel thg reference gives a small S-N curve indigcating that
the fatigue strength at 10° cycles is appreciably lower than at 10( cycles,
The curve is based on about a dozen and a half specimens.

Item 29 Ref., 37
For MiV-1 steel, the comment above in item 28 applies.
Items 30-33 Ref, 35

The M-10 steel, whose S-N curves are given in Fig. 76, shows consid-
erably more improvement in notched fatigue strength after nitriding than is
shown in the WB-49 steel (Items 1-4).

Items 34-35 Ref. 43

S-N curves, based on flve or six speclmens each, for the N-155
alloy are given on Pig, 70. The authors of the reference say:- "Since only
a small number of points were obtained for each curve, the diagrams presented
are only approximate”.

Items 36-37 Rer, 38

The S-N curves, Fig. 77, for PH 15-7 Mo Stainless Steel show the
combined steady anc alternating stress separately on the scale of stresses.
Note that the steady stresses increased as the alternating stresses increased.

Comments on items 36-37, above, apply to Fig. 78 for 17-7 PH steel.
Items 40-42 Ref. U4

Although it may appear that the change in grain size of this
Refractalloy 26 is responsible for the sharp decrease in long-life strength
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of the swooth specimens, the author of the reference points out that "the two
grain sizes were obtained by uning two different solution treatments" (see

Table V). He goes on to say:- "Consequently, it 1is possible that there may
be metallurgiocal dissimilarities other than grain size". S-N curves are given
on m 79 .

Items 46-63 Refs., 42,40

The data on S-816 alloy come from three references, Item 46 i1s one
of the materials mentioned in the discussion of Items 13-14, above. The S-N
curves are shown on Fig, 70,

For item 47, an S-N curve is shown on Fig. 75, together with two
other alloys for comparison, Note that each curve is based on a small number
of specimens,

S-N curves for items 48-50 are given on Fig. 80, The values of Se
in Table V were scaled from Fig, 80,

The data for Sp and Se for items 51-63 were derived from values
scaled from S<N curves of "crest" stresses in the reference. Each curve
was based on at least five specimens but in no case more than ten specimens.

Items 64-67 Ref. 4

The Sandvik steel was supplied to the investigator by Sandvikens
Jernwerks Aktiebolag, Sandviken, Sweden, S-N curves for smooth and notched
specimens and for two heat treatments are given on Fig. 81, Varying the heat
treatment affected the fatigue strength of smooth specimens appreciably, but
not the notched ones,

Items 68-70 Ref., 45

The material is 347 stainless steel. The S-N curves on Fig. 82,
derived from curves in the reference, show the steady and the alternating
components of the stress, on the stress scale, Note that the steady stress
inoreases as the alternating stress increases.

Items T1-T77 ‘Refs, 45,39,42,40

The data on 403 stainless steel were collected from four references.
For items T1-73, S-N curves on Fig. 83 show the steady and the alternating
components of the stress,

For item T4, an S-N curve 18 shown on Fig. TO. This is one of the
materials referred to in the discussion of items 13-14, above.

Item 75, 403 stainless steel, appears on Fig. 75 as one of three
alloys shown on the figure for comparison., Note that each curve is based on
a small num er of specimens, Attention is called to the different values of
s,. at 2(10 z cycles, in items 74 and 75, This primarily due to differences

in heat treatment of this martensitic steel.

Items 76, 77 refer to fatigue strength at two different values of
ggci: 11%; for 403 stainless steel heat treated much the same as the steel
em .

Items 78-80 Ref. %0

The "scatter diagrams" of the tests of Stellite 31 showed "relatively
large scatter"” which the reference says is "not unusual for cast materials and
i1s probably due to the large primary grain size", The S-N curve, Fig. 84, show
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an inversion of strength, for long-life notched specimens, that could perhaps be
scoounted for by the large scatter in a relatively small number of specimens.
Values of Se in Tahle V were scaled from Fig., 5,

Items 81-83 Ref, 40

Values of Se for this 16-25-6 Timken Alloy were scaled from the S-N
curves on Fig. 86,

Items 84-85 Ref, 39

These heat resistant materials TP-2B and TP-2-R (molybdenum with and
without tungsten) are among those referred to in the discussion of items 13-14,
Their S-N curves appear on Fig. 70,

Items 86-87 Ref. 36

Comments on items 5-6, above, apply to this Udimet-500, The S-N
curves appear on Fig. 67.

Items 88-90 Ref, 40

S-N curves for this 6.3% Mo-Waspalloy are given on Fig. 85. Values
of Se in Table V were scaled from Fig. 85.

Items 91-102 Ref, 46

These are evaluation tests of General Electric's heat resistant nickel
base alloy Rene 41, at room and at high temperatures, Two heats of this alloy.
were tested, but because of the small number of specimens available the variation
between the heats could not be investigated completely. The values of Se given
in Table V were scaled from the S-N curves given in Figs. 87, 88, 89. curves
on Fig. 87 show fully reversed tests, Those on Figs, 88, 89, show steady loads
combined with alternating loads.

The speed_of testing 18 not given in the reference, therefore total
elapsed time for 10!/ cycles cannot be stated, The "creep" effect presumably
would be considerable at the high temperatures used, and would depend upon
elapsed time. This suggests caution in using the values of Se given,
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SECTION IV, ALUMINUM ALLOYS

4,1 General

The titles of Tables VI to XI list the respective aluminum alloys
acoording to the present Alcoa number code, but give also, in parentheses,
the corresponding former code number, Within the tables, in the discussions,
and on the figures, the code numbers used by the respective references appear.

4.2 Discussion of Data in Tables VI to XI
4.2.1 Aluminum Alloy 2014 (14S)
Jtems 1-2 Ref, 47

"Extruded" material - smooth - surface polished but smoothness not
measured although "believed" to be about 20 micro-in. Fig., 90 shows tests on
same material, under similar conditlions excepting shape, machine, and speed.
("Sharp edges in thne gage section were broken with emery paper".) Note that
only nine specimens were tested for each S-N curve,

Items 3-6 Ref, 48

S-N curves for smooth and notched specimens are given on Fig. 91.
The effect of steady stress on the 10!/ cycle strength of this 2014-T6 material
is shown on Fig. 92,

Items 7-10 Ref, k9

The S-N curves, Fig. 93, show small differences between longitudinal
and short transverse fatiﬁue properties for this hand forged 2014-T6 alloy.
(The forgings were 3" x 6" x 38" in size.) Similar curves are shown on Figs,
123 and 130 for other aluminum alloys.

Items 1-4 Ref. 50

These items show the effect of certain surface treatments on the

alloy,
The anodizing process was as follows:
l. Clean with hot caustic soda bath,
2. Immerse in 15¢ HpoSQy both at TOCF,
3. Seal in water at 1850F,
FPor anodized and painted specimens, a fourth step:

h, Paint with zinc-chromate primer and normal finishing
of Preparakote,

Hicroscogic examination of anodized surface showed that "entire
surface was pitted”.

The reference showed S-N curves from 10“ to 107 ¢ycles, for which
13 to 16 specimens were used for each curve,

The specimens used for items 3 and 4 were subjected to corrosion
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‘mmn‘c the fatigue ltmux :u "allowing plain tap water to drop slowly upon
G

an extremwely light-weight in contsct with the specimen”,

The author of reference 50 concludes that anodizing is detrimental.
A a matter of fact, the anodized specimens (Item 2) appear to have about the
same strength as specimens subjected to tap water corrosion (Item 3).

Item 5 Ref. 51

The curves, Figs. 94, 95 are for notched ilclad 24S-T3, They were
traced from reference 51,

Items 6, 7 Ref, 52

Item 6 is Alclad and Item 7 is Bare 24S-T3, The type of testing
machine used made it impossible to run a test at absolutely zero mean stress
and constant amplitude. However, the variations were of about the same order
as the scatter shown on the S-N curves, Fig. 96, which were traced from the
reference report.,

Items 8-9 Ref. 4

"Extruded" material - smooth - surface polished but smoothness not
measured although "believed"” to be about 20 micro-in, Fig. 97 shows tests on
this material, under same conditions excepting shape, machine, and speed,
g“Sharp edges in the gage section were broken with emery paper"”.) Only 6 or

specimens were tested for each S-N curve.

Items 10-13 Ref. 48

"Rolled" material - smooth and notched specimens of Alloy 24S-T4,
Pig. 98 shows S-N curves for zero mean stress. The reference report gives
also S-N curves for various constant ratios of alternating to mean stress.
In this type of graph the mean (steady) stress is changing continuously
throughout the graph., Therefore, _these curves are not reproduced herein, but
the equivalent information for 107 cycle life is glven in Pig. 99.

Ttems 14-18 Refs. 9,10,53,54

Material, 24S-T3, commercial sheet, 0,090" thick., Each S-N curve
depends upon from 5 to 12 or 15 tests, Authors believe that errors in load
values do not exceed 5%,

Fig. 100 shows S-N curves for fully reversed loading. Fig. 101 shows
the effect of mean (steady) stress in reducing the alternating stress.

Items 19-21 Ref, 55

Material is 24S-T4 hot-rolled aluminum alloy. The authors, by slow
bend tests on specimens fatigued part-way toward fallure, determined that
24S-T4 has superior energy - absorption capaclty, compared with 75S-T6, and
lower notch-sensitivity. However, by re-heat treating 24S to approximately
the hardness of 75S-T6, it was made to behave closely like 75S-T6.

Fig, 102 shows S-N curves for smooth and for notched 24S-T4, for
fully reversed stresses.

Items 22-23 Ref. 56
Axlal tests are reported in the reference at various "stress-

ratios", 1.e., combinations of steady and vibratory components of stress.
Figs. 103 and 104 were plotted from Table 8 of the reference.
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Item 24 Ref. 57

The material tested was thin 245-T3 aluminum alloy. Tests were run
at three significantly different rates in cpm, as shown on Fig. 105. It 1is
probable that the S-N curve would actually be three different curves, if a
complete set of tests_had been made, at each of the three rates of cpm, for the
range N = 1 to N = 107 cycles, No information is given as to the variabllity
of the material, The reversal of stress from the tests at less than 50 cpm
was not sinusoidal., Typical load-time curves, traced from the reference, are
shown in Fig. 106.

4,2.3 Aluminum Alloy 6061 (61S)
Items 1-4 Ref. 58

The S-N curves on Figs. 107 and 108 show the effect of "zero to
tension" stressing on the fatigue strength of the alloy. The curve for item
3, based on only three specimens, must be taken as less precise than the other
curves. The stress scale for Fig. 108 shows the steady component separately
from the alternating component,

Items 5-7 Ref, 45

Curves for these "zero to tension” tests on sheet 615-T6 alloy,
shown on Fig,. 109, are based on larger numbers of speclmens than those
discussed above, However, they are not particularly different in the region
105 to 107 cycles.

4.2.4 Aluminum Alloy 7075 (75S)

Item 1 Ref. 51

The S-N curves shown on Figs. 110, 1lll, are for notched Alclad
alloy 75S-T6, They were traced from ref. 51,

Items 2-13 Ref, 47

These items come from & study of the effect of type of specimen on
fatigue properties of 75S-T6 aluminum alloy., It must be pointed out that the
test results depend upon not only the type of specimen but also the type of
testing machine and the speed of testing.

Fig. 112 shows results of tests, items 2 and 3, on extruded "T75S-T".
The surfaces were polished but the smoothness was not measured, although it
was "believed" to be about 20 micrc-inches., "Sharp edges in the gage section
were broken with emery paper". From T to 11 specimens were used for each
S-N curve, For 75S-T6 plate material, S-N curves are given on Fig. 113.
From 10 to 20 specimens were used for each of these curves,

Items 14-18 Refs. 9,10,53,54

The material 1s 75S-T6, commercial sheet, 0,090" thick. Each S-N
curve depends upon from 5 to 12 or 15 tests, The authors belleve that errors
in load values do not exceed is5g,

Fig. 11% shows S-N curves for fully reversed loading. Fig. 115
shows the effect of mean (steady) stress in reducing the alternating stress,
It should be noted that the curves on Fig, 115 are for the most part concave,
:hicglsugsesta that the straight-line "Goodman" diagram may not be conservative
n all cases.
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Items 19-21 Ref. 35

The material is 753-T6 hot-rolled aluminum alloy. The authors, bdy
slow bend tests on specimens fatigued - toward failure, determined that
T55-76 has poorer energy-absorption capacity 248-T4, and higher notoh-
sensitivity. However, by reheat-treating 75S to approximately the hardness of
24S-TA, it was made to behave closely like 24S-T4., Pig. 116 shows S-N curves
for smooth and for notched hot-rolled 758-T6, for fully reversed stresses.

Items 22-24 Ref. 59

Fig. 117 shows S-N curves for smooth, and for notched, 75S-T6é Rolled
and Drawn Rod, The plotted test points showed no apparent difference between
longitudinal and transverse specimens, The crosses show anodic coatings, of
thickness as follows: X = 0,00009" thick; + = 0,0005" thick, Authors conclude
that the thin coat may be beneficial to smooth specimens, - and that notched
specimens are not particularly sensitive to either thin or thick coatings.

Fig. 118 shows S-N curves for 75S-T6 Extruded Bar. Here, as in
Pig. 117, the thin coat of anodizing materlal appears to slightly improve the
ratigue strength of the alloy.

Item 25 Ref, 23

Fig. 119 shows the "mean" S-N curve and the "scatter band" for a
total of 30 specimens. (Caution: A "scatter band" 1s not a "probability"
ocurve", Its width depends upon the variability of the material and the number
of specimens tested. Increasing the number of specimens usually Increases
the width of scatter bands. For the material used in these tests the heat
treatment was not given, but the static properties are about the same as others
given in the data table for 75S-T6 aluminum alloy.

Item 26 Ref. 60

The material is 75S-T6. Fig. 120 shows the results of testing large
numbers of specimens, plotted on logarithmic normal-probability paper. The
lines are by no means straight, but by using a best-fit straight line for each
stress level, S-N curves were plotted as shown in Pig., 121,

Item 27 Ref., 57

Material tested was 75S-T6 Aluminum Alloy. Tests were run at three
significantly different rates in cpm, as shown on Fig. 122. It is probable
that the S-N curve would actually be three different curves, if a complete
set of _tests had been made, at each rate of cpm, for the range N = 1 to
N = 10! cycles, No information is given as to the variability of the material.
The reversal of stress for the tests at less than 50 opm was not sinusoidal.,
Typical load-time curves, traved from the reference, are shown in Fig. 106,

Items 28-31 Ref, 4

The S-N curves, Fig. 123, show considerable difference between
longitudinal and short transverse smooth specimens of the hand forged allox,
but no significant difference for notched specimens. (The forgings were 3" x
6" x 38" in size,) Similar curves are shown on Figs. 93 and 130 for other
aluminum alloys,
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§,2.5 uminum Allo 6 (768

Items 1-9 Ref, 61

This material is 76S-T61, originally designated as M68, and referred
to in reference 62 as X76S-T.

Pig. 124 shows S~N curves for bending, without and with superimposed
steady bending atreasses.

Pig. 125, similarly, shows S-N curves for torsion, without and with
superimposed steady torsion stresses, Reference 61 also gives various tables
and ocurves showing combinations of alternating bending and torsion with super-
imposed steady bending and torsion.

Items 10-21 Ref, 62

These tests were run in 1941 or 1942, on material that at that time
was designated XT76S-T,

It will be noticed that the composition and heat treatment are
reported as identical with those reported in reference 61, for 76S-T61. There
are not enough data regarding any one test to determine even appro ely the
variability of the material., Figs. 126 and 127 give S-N curves for this
material, and Pig., 128 shows, for notched material, the relation of alternating
to steady stress,

Items 22-23 Ref. 29

These tests were run to inveatigate the applicability of the Prot
method of testing to aluminum alloys. The reference suggests the possibility
that the much higher values of fatligue strength obtained by the Prot method
maé b;zgue to some "coaxing" effect. Long-life S-N curves are given on

4,2.6 Aluminum Alloy 7079

Ite” 1‘“ Refo “2

The S-N curves, Pig. 130, show some difference between longitudinal
and short transverse smooth specimens of the hand forged alloy, but no
] icant difference for notched specimens., (The forgings were 3" x 6" x
38" in size.) Similar curves are shown on Figs. 93 and 123 for other
aluminum alloys.
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SECTION V. MAGNESIUM ALLOYS

5 01 General

Although there are numerous items in Table XII, a large number of
them do not show the tensile (static) strength., Inspection of the Table will
show that there seems to be little, if any, correlation of fatigue with static
strength, so that the missing static strengths would be of only academic
interest. A few data are given in Table XII (items 64 to T4) for high temper-
ature fatigue,

5.2 Discussion of Data in Table XII
Items 1-12 Ref, 6

Regarding these tests on AZ31X, the reference says that the "HAE"
process "produces electrolytically on magnesium alloys a nonmetallic coating
that 1s hard and corrosion-resisting”. The reference states that the coating
reduced the fatigue strength by approximately 1000 psi for each 0,001 inch of
coating., Several specimens were exposed to warm salt spray for five days then
fatigue tested, The reference states that fatigue resistance was generally,
but not invariably, not decreased by exposure to the spray. Fig. 131 gives
S-N curves for item 1,

Items 13-29 Ref, 64

The material is Dow Chemical Co's, FS-1 alloy. Heat treatment is
not speclfied in the reference, but the items marked FS-la are presumably
annealed and those marked FS-~lh are presumably hard rolled, Most of the data
were from sheets, and to avoid buckling from compression the stress ranges
for these tests were kept between zero and a maximum tension,

warning: The reference says: ". . . it is recommended that the
test bar data presented here not be used quantitatively for design values,
but rather, simply for a qualitative comparison of materials”,

Items 30-43 Ref. 64

The warning above applies also to the data on the magnesium casting
alloys, C-AC, C-HT, C-HTA, and C-HTS.

Items 44-48 Ref, 65

Material 18 Dow FS-1h, Fatigue strengths were measured in terms
of R (ratio min. to max, stress per cycle).

Fig. 132 shows the S-N-R curves, i.e., the curves for crest stresses,
Fig. 133 was derived by converting values scale? from Fig. 132 into equivalent
separate steady and vibratory components for 10( cycles.

Items 49-51 Ref, 66
Material is magnesium alloy ZK60A-TS (Dow Chem.), Extruded bar

stock, This is a "solid solution precipitation hardening type with Mg-Zn
compound as the submicroscopic precipitate".

- Fig, 134 shows S-N curves, for fully reversed stress, of smooth and
of notched specimens, ' '
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‘ Figs. 135 and 136 show, in modified Goodman type diagrams, the
influence of steady stress on alternating stress strength.

Items 52-53 Ref. 4
Approximate S-N curves for magnesium alloy J-1 are given in Fig, 137.
Items 54-61 Ref, 67

These tests on three magnesium alloys, FS-la, J-1, and 0-1, were made
to show the difference in fatigue strength of the alloys caused by differences
in the test methods. The individual specimen tests are plotted in Pigs. 138-140.
As a result of these tests the authors of the reference state that some magnesium
alloys give appreciably higher strengths in rotating bending than in plate bend-
ing or in axial (push-pull) loading.

No S~N curves were given in the reference, but values of "Fatigue
Limit, 107 cycles" were given, These are the values used in Table XII.

1tems 62-63 Ref. 68

The tests on AZ81-T4 cast alloy were made "to compare the rat1§ue
properties of AZ81-Th with other similar magnesium alloys now in service". The
reference concludes that "the unnotched fatigue strength of AZ81-TA is approxi-
mately 4 ksi lower than AZ63-T4" and "the notched fatigue properties were
practically identical to those of AZ63-T4", S-N curves are given on Pig. 141,

Items 64-69 Ref, §2

The tests on HM-31 forged alloy are plotted on Fig. 142 together with
"presults of previous testing on annealed HK-31 magnesium alloy". The values
shown on the figure are based on stressing from zero to tension (A = 1.0). In
addition to the tests plotted, "a limited number of the specimens were also
tested in completely reversed loading", with the following results:

At room temp.,, stress 15 ksi, one specimen failed at 2,085,500
cycles and one specimens failed at 3,875,000
cyocles,

At 500°F, stress 12 ksi, one specimen failled at 91,700 cycles.
stress 9 ksi, one specimen falled at 1,102,300
cycles,

At 650°F, stress 7 ksi, one specimen falled at é,100,900

cycles after having survived 10° gycles at
10 ksi at 500°F.

Items TO-T4 Ref. 70

These tests of HM-21 forged alloy were "preliminary", - for comparison
with HM-31 alloy. S-N curves are shown on Pig, 143,
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6.1 Qeneral
It is interesting to note that in Table XIII the fatigue strengths
of smooth titanium alloys run close totiand sometimes exceed, fifty percent

of the tensile strengths., A few data
temperature properties,

6.2 Discussion of Data in Table XIII
Items 1-6 Ref, 71

Alloy RC-55 Type. Reduction in endurance limit of smooth specimens,
item 5, is charged to the heating effect resulting from high speed cycling,
when opm are increased from 1,800 to 10,000, The fact that notched specimens,
item 6, showed little effect from speed, and did not heat up, 18 thought to
be because of the relatively small volume of material subjected to maximum
stress and the abllity of surrounding material to conduct the heat away as
fast as generated.

tems 67 to 86) are given on high

Fig. 144 shows the S-N curves for this alloy. It i1s to be noticed
that the curves are based on small numbers of specimens. The total number
of specimens for each curve 1s noted on the figure.

Items 7-14 Ref, T2

The reference refers to earlier tests on Rem-Cru sheet 0,060" thick,
tested in Krouse sheet fatigue machines, and remarks: "The fatigue values
were higher in the transverse direction than in the longitudinal direction for
all conditions, No completely satisfactory reasons could be given to account
for the annealed and pickled samples producing the best results and the cold
rolled specimens the poorest results"., The tests reported in reference T2
were made to study further some of the problems referred to above.

The variability of Ti-alloys appears in an analysis of the static
properties as reported in reference 72:- (Standard deviations have been
computed from the data in the report.

Alloy UTS ST. YP St.

ksl DEV. ksl DEV.
T1-150A #* 143.0 5.9 127.6 6.0
RC-130B 153.6 3.2 47,1 5.2

# Reference 72 says: "These melts were early experimental
ones and consequently were not of comparable quality to
melts produced at present”,

The following excerpt 1is quoted from subject report:
ABSTRACT
"The evaluation of the effects of various treatments on the fatigue
properties of titanlium bar stock alloys Ti-150A and R(C-130B was made,
The varioc:s treatments of Ti-150A and thelr corresponding fatigue
endurance limits are as follows:
1. Machined and polished - 68,000 psi

2, Ground - 63,000 to 70,000 psi
3. Ten percent permanently stretched and ground - 54,000
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pei {wide scatter of data)
4, Ground and scaled - 56,000 psi
5. Machined notched - 40,000 psi
6. QGround and notched - 21,000 psi

The fatigue atrength varied from about 35 to 45 percent of the tensile
ultimate strength for the different treatments, except for the notched
condition as would be expected. RC-130B gave endurance limits of about
67,000 psi (approximately 45 percent of tensile ultimate strength) for
the ground, unnotched condition, and about 24,000 psi for the ground
notched material. The wide range of values for the ground Ti-150B alloy
and for the 10 percent stretched and ground T1-150A alloy may have been
due to various degrees of surface cold work, and surface discontinuities,
caused by grinding and cold work. In addition, radiography ildentified
tungsten inclusions which were probably a contributing factor. In
general the surface treatment has a marked effect upon the fatigue
strength of titanium and its alloys. For the conditlons tested, a
machined and polished surface produced the optimum fatigue properties."

Fig. 145 shows the evidence upon which the discussion of 1items 7 to
14 is based. The high degree of scatter must be conslidered in connection
with the values stated for "fatigue endurance limits",

Item 15 Ref. 73

These tests of RC-130B titanium alloy were run to provide data for
a study of the statistical nature of the material. In the reference report
the data are analyzed by using the means of the reciprocals of the life
cycles, In Fig. 146, the.P-S-N (Probability-S-N) curves were established
by probit analysis (reference 29).

Items 16-40 Refs. T4,75

The values of Se for 107 cycles that appear in the data tables were
scaled from curves in the references. These values are listed as "plus-or-
minus" values to indicate that they are not highly precise in the second
significant figure. In general only three or four - sometimes five - speci-
mens were tested at any one stress level,

Items 41-U4}4 Ref. 76

These i1tems show the sensitivity of the nearly pure titanium,
T4-75A, to heating under high speed cycling, and to extremes of speed, that
is, from 400 RPM to 10,000 RPM, The reference says, however, that "speci-
mens which were water cooled to dissipate the internal heat showed small spread
in the faillure curves for the different speeds of testing that were studied",
Fig. 147 shows S-N curves for these items. Values of Se in Table XIII were
scaled from Fig. 1347.

Items 45-62 Ref. 77

In these tests of titanium-chromium-molybdenum alloys, 20 specimens
were used in tests for each value of Se. For the data in Table XIII, static
properties excepting UTS were scaled from graphs in the reference, In their
Summary, the authors refer to Fig. 148 and say:- "The fatigue endurance
1imit of the alloy appears to be unchanged, regardless of alloy content,
altgougg the tensile strength 18 greatly increased as a result of alloy
content”,
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Items 63-64 Ref, 78

The two S-N curves for 6 Al-% Va titanium slloys shown on Fig. 149
sent tests run to "illustrate the improvement in endurence strength
vzgoh can be realized using duplex heat treatments".

Itenm §§ Ref, 2

The S-N curve for 6 Al-4% Va titanium alloy shown on Fig. 150 is
based on tests of 63 specimens, whereas the lower curve of the same material
shown op Fig. 149 is based on é specimens, only four of which broke at less
than 10 cles,. Whether or not this alloy has an "endurance 1imit" at
around 107 or 108 cycles 1s questionable,

Item 66 Ref. 38

The reference says of the S-N curves for 6 Al-4 V titanium alloy
bar from which Fig. 151 was derived that they show "some limited axial ., . .
fatigue data". The scale of stresses on Fig, 151 should be read carefully,
They indicate the steady stress component as well as the vibratory component
of stress, and it should be noted that the steady stress increases as the
alternating stress increases,

Items 67-86 Ref. T9

These tests of 7 Al-3 Mo titanium alloy were made to study the
effect of ageing versus annealing treatments on the high temperature creep
and fatigue properties of the alloy. The S-N curves, Figs. 152 and 153, were
derived from curves given in the reference. The stress scales on the figures
show the steady stress component and the alternating stress component.
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SECTION VII. MISCELLANEOUS MATERIALS

T.1 General

The data in Table XIV apply to plastic and wood laminates and a few
metallic materials., Some data on high temperature properties of beryllium are
included,
T.2 Discussion of Data in Table XIV

Items 1-2 Ref, 8

The Ingot Iron used for item 2 was speclally treated "to retain as
much carbon and nitrogen in solid solution as possible”, This treatment was
used to render the iron more susceptible to "coaxing" under fatigue stressing,
80 that the effect of coaxing on Prot tests could be investigated.

Items 3-4 Ref, 4

In the case of this gray (cast) iron, the plots of individual test
results as given in the reference warrant the drawing on Fig 154 of a single
S~N curve to represent both the smooth and the notched specimens,

Items 5-6 Ref. 29

Por the aluminum-nickel bronze, Item 5, 76 specimens were tested to
give the S-N curves shown on Fig, 155. For the beryllium-copper, Item 6, 66
specimens were tested for the S-N curves on Fig. 156. The values of Se given
in Table XIV are probably higher than would be shown for longer cycle life,

Items 7-17 Ref. 80

S-N curves for these glass-fiber-reinforced plastic laminates are
given on Figs. 157, 158, The strength reduction factor of these notched
laminates is noticeably smaller than that usually found in metals, and in
:he case of the laminate with a glass mat, items 14-15, 1s actually less

han unity.

Items 18-23 Ref. 80

These items, showing the effect of superimposed mean (steady) stress,
are shown as S~-N curves on Fig. 159, for a single laminate.

Item 24 Ref. 80
This item, represented by the S-N curve on Fig. 160, shows the
effect of stressing the glass-fabric-reinforced laminate at 45° with the

direction of the warp. The effect of anisotropy can be seen by comparing
this item with item 18,

Items 25-30 Ref. 80

S-N curves for these heat resistant glass-fiber-réinforced laminates
are given on Figs. 161,162,

Item 31 Ref. 42
An S-N curve for this glass fabric laminated plastic is given on
Fig. 163, The curve is considerably different in character from most of those

WADD TR 60-42 24




on Pigs. 157 to 162 although the long life fatigue strength is consistent with
those cf the cther laminates. The specimens were round instead of flat, the
stressing was in bending instead of being axial, and the resin was not identical
with those used for the other laminates. The reference says:- "The decrease
in fatigue strength value with increasing number of cycles is relatively small”,

Itéml 32-47 Ref, 81

Values of Se for these tests of yellow birch and hard maple, both
solid and laminated, were scaled from Fig. 164 for 10° cycles. It must be
remembered that these values are "mean" strengths of laboratory-size specimens,
The "scatter" in data cannot be determined since each S-N curve was based on
somewhere between half a dozen and a dozen and a half specimens. The reference
points out thet the "endurance limit" for these woods 1s apparently below the

10° gycle strength, and there 18 no indication in the tests of how far below.

A variable not listed in the tabulation is "moisture content", The
reference gives 7 or 8% by weight for the natural woods, and 1.6 to 3.5% for
the compressed laminates. The reference says "it is believed that no serious
change in moisture content occurred during the test".

One respect in which the data in the last eight items differs from
values for steel is in the effect of increased speed of cycling. There 1is a
small but persistent decrease in fatigue strength as speed increases from 3450
to 10,600 cpm, Steels have not been found so sensitive at these speeds, and
for much wider differences have shown the opposite effect.

Items 48-u49 Ref, 82

Data for these flat-plate bending tests of s0lid and laminated wood
specimens are given as percents of the static modulus of rupture "because
specimens of the same specles from different trees will vary considerably in
strength", Test results are shown on Fig. 165 as a "scatter band" since the
separate test values for the two solid and the two laminated woods were com-
pletely intermingled on the figure in the reference. This is consistent with
the statement in the reference:- "Since the shear stress is relatively low
compared to the [lber stress in bending, it has been found that plywood speci-
mens tested as cantilever beams subjected to repeated or reversed bending
stress, with the plane of the veneers perpendicular to the load and the grain
of the outside plies parallel to the span, will fail in the wood before
separation of the veneers occurs".

The average value, 27% of static modulus of rupture, is given for
50,000,000 cycles, and the reference points out that the slope of the S-N
curves is still negative, indicating that this 1s not the "endurance limit"
of the woods tested,

Item 50 Ref., 83

The S-N curve, as based on four specimens, is shown on Fig. 166,

Regarding other data on beryllium, the reference states that other
investigators have reported "the fatigue strength under_direct stress of hot
Preased, warm extruded Beryllium to be 31,300 psi at 108 cycles", and the
'fatigue strength of Beryllium under cantilever bending . . . as 32,000 psi".
Also, it quotes another set of tests as showing that strip specimens under
direct stress showed "an endurance limit at 10/ cycles of 22,000 psi",

Item 51 Ref, 84

The 1100°F stress-rupture data for Brush QMV Beryllium are plotted
on Fig. 167.
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Items 52-63 Ref, 85

The axial test data for Brush QMV Beryllium given by the reference
are plotted on Flgs. 168-170. Fig. 168 shows room temperature tests and
Figs. 169, 170 show tests at 11000F. Each of the S-N curves shown 1s based
on a small number of specimens. The data 4n Table XIV were read from the

S-N Curves,
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Continned

sium

Chemical Composition

Al-3 -0, Zn-l-o, Mn-0.3

Table XII.
Hard.

+ R.A.
%

Static Properties
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Fig, 2
S-N Curves for SAE 1008 Steel, Decarburized
and Not Decarburized

(From ref. 3)
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