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Effects of Prior Static and Dynamic Stresses on the 
Fatigue Strength of Aluminum Alloys 

By John A. Bennett and James L. Baker 

T es ts made on specimens of Alclad 24S- T sheet sh owed that prior static load had a 
marked effect on t he fa t igue strength in unidirectional bending when t he stress amplitude 
wa relatively mall. F rom tests on bare 24S- T sheet, i t was found that a few cy cl es at a 
s tress ampli tude of 17,000 Ib/in .2 resulted in a la rge in crease in t he fat igue life at 20,000 
lb/in .2 Damage tests for other co mbinations of st ress amplitu des indicated tha t the damage 
was nearly a linear fun ction of ra tio of the number of cyclcs at a give n s t ress to t he num ber 
that would cause fa ilure at that tress. A new design of specimen and a new form of st ress 
versus number of cycles to fractul'e (S-N ) diagram are descri bed. 

1. Introduction 

The phenomenon of fatigue failure in m etals re
mains incompletely understood, despite the extensive 
research that has been done on the subj ect. In 
particular, the mechanism by which a small volume 
of metal is damaged by repeated stressing until a 
crack forms may be considered one of the outstanding 
mysteries in the mechanical behavior of materials. 
The purpose of the work reported in this paper was 
to evaluate some of the factors involved in this 
damaging process by using aluminum alloy speci
mens. As there appears to be no reliable means of 
measuring fatigue damage except by a fatigue test, 
this evaluation was carried out largely by means of 
tests at two stress levels. 

Many investigators have r eported experimental 
da ta showing the effect of dynamic stressing at one 
amplitud e on the fa tigue s trength at a second ampli
tude, but the data for aluminum alloys are not in 
good agreement. Miner [1] 1 found in testing 24S-T 
that the damage was proportional to the cycle ratio 2 

within the experimental elTOl'. On the other hand, 
1 Figures in brackets ind icate the literature references at the end of this paper. 
, Cycle ralio is defined as the rat io of the number of cycles at a given stress 

am pJi tude to the 11um ber necessary to cause fail ure at that am plitude. Failure 
may be defined as either the beginning of a crack or complete fracture. 

Stickley [2 , 3] repor ted tha t the fatigue strengLh of 
17S-T rod could be increased by prestressing at a 
stress amplitude slightly below th e tes t st ress . Like
wise, Work & Dolan [4] found an increase in fatigue 
life due to stressing at small amplitudes . However, 
Dolan, Richart, and Work [5] found for 17S-T that 
the fatigue life under gradually varying load cycles 
was greater when the minor stress amplitude was 
18,000 lb/in.2 than when it was decreased to 16,000 
lb/in.2 

These resul ts do not give any consistent picture 
of the progress of fatigue damage in aluminum 
alloys, and it, was the purpose of this work to evalu
ate this progress in much the same way that it was 
done for SAE X4130 steel in th e investigation re
ported in [6]. 

One of th e most interesting phenomena associated 
with fatigue is the improvement due to understress
ing. In ferrous materials this improvem ent increases 
as the amplitude of th e und erstress approaches the 
fatigue limi t. Aluminum alloys have no fatigue 
limi t, and the effect of understressing is not so 
marked , but it is known to cause an increase in fatigue 
strength und er certain conditions. It seemed rea
sonable tha t during the course of a fatigue test at 
r ela tively low stress th ere must b e a reversal in the 

910302- 50--2 449 



type of process taking place, with improvement 
occurring during the early part of th e test, and 
damage later. In order to investigate this, one of 
the prestress amplitudes chosen was low enough so 
that the numb er of cycles to fracture would be very 
large. 

Wh en a m etal is subj ected to fluctuating stress, 
there are presumably two opposing processes taking 
place, namely , work-hardening and fatigue damage. 
While the mechanism of fatigue damage may involve 
repeated plastic deformation of a microscopic volume 
of th e m etal, this is apparently distinct from th e 
process that is usually referred to as work-hardening. 
It is to be expected that the greater part of this over
all hardening would b e completed in a relatively few 
cycles at th e star t of the dynamic stressing. For 
this reason, it was decided to make tests after a very 
small numb er of cycles in order to detect changes due 
to work-hardening. 

A few tests were made to determine the changes in 
fatigue properties caused by static str essing, prior to 
testing, for comparison with the changes caused by 
dynamic stressing prior to testing. In order to make 
tb e effect as pronounced as possible, th e tests were 
made on Alclad 248-T ; the soft cladding would be 
expected to deform plastically at a lower stress than 
th e core, producing a residual stress that would 
influence th e fatigue properties. 

Fatigue tests usually are performed by applying 
th e fluctuating load until the specimen fractures. 
Th e life of th e specimen, as determined by such a 
test, includes both th e period of incr easing damage, 
which culminates in the formation of a crack, and 
th e period of crack growth , which ends with the 
fracture of th e specimen. In order to study the 
first period without having the results confused by 
the second, it is necessary to determine as nearly as 
possible th e point at which th e crack forms. 

II. Materials and Test Methods 

All of the tests reported here were made on Krouse 
sheet bending fatigue testing machines. These 
m achines are designed to load the specimen as a 
cantilever, the range of deflection being determined 
by the setting of an adjustable eccentric and the 
m ean load by the adjustment of the movable vise. 
The amplitude of deflection remains constant during 
the course of the test, so that any change in the 
resilience of the specimen results in a change in the 
applied stress. 

The materials used in this investigation were bare 
and Alclad 248-T sheet. For the tests reported in 
sections III and IV, the materials were obtained 
commercially. For the study of damage reported 
in ection V, the 248-T sheet was obtained from the 
NACA Langley Aeronautical Laboratory from a 
stock m aintained especially for fatigue research. 

The two types of specimens used are shown in 
figure 1, a and b . The first is the standard type of 
specimen recommended by the testing machine 
manufacturer, while the second is a modification 
adopted for the reasons given in section IV. The 

over-all dimensions of the two specimens were the 
same, and the methods of test were identical. The 
specimens were cut with the long dimension parallel 
to the direction of rolling. 

There is a possibility of confusion of terms in 
referring to the various surfaces and lines that bound 
a specimen cut from sheet material ; in this report 
the term face will be used to refer to the surfaces of 
the original sheet. The surfaces at right angles to 
the faces and roughly p9,rallel to the long dimension 
of the specimen will be called the sides, and the inter
section of a face and a side will be termed an edge. 
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FIGUR E l. Types of specimen used fOT bending fa tigue tests on 
sheet mateTials. 

a, Standard specimen; b, modified specimen. 

The edges of all specimens were manually polished 
with No. 400 Aloxite paper , the direction of polishing 
being parallel to the edge. 

In both types of specimens the maximum stress in 
the reduced section was only about 25 percent 
greater than that at the point where the specimen 
was clamped in the vise. For this reason , there 
was somt' difficulty at first with the specimens 
breaking at the vise. This trouble was almost 
entirely eliminated by placing several thiclmesses of 
greased paper between the specimen and the clamp-
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ing plates to distribute the load. However, it is felt 
that in any future work with these machines it 
would be advisable to increase the width of the 
specimen at the vise to eliminate the need for this 
precaution. 

The load necessary t o produce a given stress in 
the specimen was calculated from the usual canti
lever formula 

where P is the load necessary to produce a given 
stress in the specimen ; S is the nominal stress in 
the extreme fib ers; d is the thiclmess of the speci
men ; b. is the ~vidth of the specim~n at a given point ; 
and L IS the dIstance from the pomt where the width 
is measured to the point at which the load is applied. 
The standard specimens had a redu ced section that 
t apered toward th e crank pin ,.\Ther e the load was 
applied . Thi resul ted in a constan t nominal stress 
in the redu ced section, as both the width of the speci
men and the bending moment are propor tional to 
the distance from the point of applica tion of the load. 
~be specimens of 4-i11 . radiu haclno straigh t side, 

so It was necessary to usc a special jig to de termine 
the minimum value of the ratio b/L in the above 
formula. The jig is shown in figure 2. The pivot 
on which th e vanes turn wa at the same distance 
from the end of tIl e specimen as the crank pin of 
the machine, and the extended edges of the vanefl 
passed through this pivot. Therefore, if the vane 
were rotated until they were tangent to the edges 
of the specimen , the point of tangency wa the point, 
of minimum b/L ratio . In usc the jig was clamped 
to the table of a toolmaker ' microscope and the 
~ength of the jig alined wi th the longitudinal measur
mg screws. Then the vanes were rotated un til only 
a narrow gap remamed between each vane and the 
corresponding edge of the specimen. The wid th of 
the specimen was measured ncar the cen ter of this 
gap by using the transverse measuring screw, and 
the distance to the cen ter of the pivot was measured 
with the longitudinal screw. In th e figul'e a broken 
specimen is shown in place on the jig to indica te 
how the typical fracture occurred neal' the point of 
minimum b/L ratio . 

III. Effect of Prior Static Load on the Fatigue 
Strength of Alclad 24S- T 

The material used in this investigation was 
obtained commercially, and the surface was badly 
scratched and dented. These defec ts, however, did 
no t appear to influ ence the fatigue tes t results. All 
of the tests were made in unidirec tional bending with 
the mean load equal to half the maximum. The 
stress valu es given in this sec tion refer to the maxi
mum nominal stres in the cycle. The standard 
type of specimen (fig . 1, a ) was used. 

In order to obtain the basic S-N curve, 24 speci
mens were Lested at the following nominal stresses; 
20,000, 25 ,000, 30,000, and 35,000 lb /in.2 These 
resul ts are shown in the first line of table 1 and are 

.:l 

FIGUR E 2. Four-inch mdius .specimen in place on measuring 
J~g . 

A broken specimen is shown in order to illustrate bow the (ractures occurred 
nca r Lhe point o f min imum bj.£ ra tio . 

repl'esen Led by the curve (not the pain Ls) on figures 
3 and 4. 

The eff ect of prior static load was th en determined 
for four condi tions of loading, a follows: (1) static 
load corresponding to a nominal stress of 30 000 
lb /~n . 2 applied in the sam e direction as th e subseq~en t 
fll:tlgU~ test loa~l ; (2) th e ame load applied in the 
dlrectlOn Opposl te. to that of the su~ equen t fatigue 
tes t load ; (3) s t il, tIC load co rrespondll1g to a nominal 
stress of 40,000 Ib /in.2 applied in. th e sam e direction 
a th e subsequen t fatigue test load ; and (4) th e same 
load applied in th e opposi te direction. In each case 
the prior tatic load was allowed to remain on the 
sp~cimen for approximately 1 minu te, then the 
f~tlgue test was started as soon af terward as pos
SIble. In most cases two sp ecimens were tested for 
each load condiLion, th e valu es given in table 1 being 
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F IGUR E 3. Ej)'ect of prior static stress (nominal maxi mum 
value 30,000 Ib/in .2) on the f atigue properties of Alclad 
24S- T sheet in unidirecti onal bending. 

So}id curve rc prese ~ Ls (~ ata .ror or i gi~al material ; sq uares are averages fo r 
speCimens prestressod III d lfcctlOll OP Posite to test stress, t r iangles are averages 
for specimens prestressed in same direction as test stress. 
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TABLE 1. Effect of prior static stress on the fa ti iJ1te streniJth of Alclad 248- T sheet 

(Fatigue test in wl idirectional bending. Minimum stress=O, maxim um nom inal stress is listed) 

Average number of cycles to fracture at test stresses listed 
Nominal 

static 
prestress 

Direction of 
load ing . No. of 20,000 Range of No. of 25,000 R ange of No. of 30,000 Range of No. of 35,000 R ange of 

tests Jb/in .' values tests Ib/in. ' values tests Ib/in.2 values tests Ib/in.' values 
---'1------·1---1-----1----1---1·---·1----1------------------

Ib/in .2 
None 
30,000 
40,000 
30,000 
40,000 

6 Il ,723XI03 13,693X103 
6,628 
2,885 
1,024 

4 1,489X103 1,002X L03 8 461 X I03 221 XJ03 6 253X103 26X10' 
Same _____________ _ 

4 \ 10, i63 
1 927 _____ _____ _ _________ ______ ____ __________ _______ _ _ ________ ____ _____ _ _ 

_____ do ________ ___ _ _ 2 23,660 2 920 284 2 36i 64 222 49 
Opposite _________ _ 3 2, i88 2 8i8 75 2 286 15 207 _________ _ 

_____ do ___ _________ _ 2 2,166 448 2 o7i 34 2 508 149 255 76 

• Direction of prior stat ic load relative to fatigue test load. 

VI 
o 

3 5 

~ 30 
VI 
::J 
o 
:t: .... 

~ . .; 2 5 
;;: 
CD 

-' 
VI 
VI 
w 
:: 20 
01 

• 10 

1 

5 
10 

II I 
~ 

~ I ~ 

I 

• 10 

"-

D 

CY CLE S O F ST RE SS 

I 

" SAME 
D OPPOSITE 

7 
10 

~" 
i' 

I 
• 10 

FIGURE 4. Effect of prior static stress (nominal maximum 
value 40,000 lb/in. 2) on the fa ti iJue properties of Alclad 
248-T sheet in unidirectional bendiniJ. 

Solid curve represents data for origi nal material; squares are averages fo r 
specimens prestressed in direction opposite to test stress, triangles are averages 
for specimens prestressed in same direction as test stress. 

th e averages of the numb er of cycles to failure for 
the specim ens tested under identical conditions. In 
figure 3 the results for the specimens tested after a 
static tress of 30,000 Ib /in. 2 are shown as individual 
points for comparison with the curve representing 
th e fatigue proper ties of the original material, while 
th e points in figure 4 represent the data for a prior 
sta ti c stress of 40,000 Ib /in.2 It should be empha
sized tha t th e stress values given h ere are calculated 
on the basis of elastic bending of the specimen. As 
there is considerable plastic deformation, particu
larly at the high er loads, these nominal values of 
stress are undoubtedly considerably differen t from 
th e true stress. However , these values do indicate 
th e magnitude of th e b ending moments applied to 
th e specimens, which are significant from a practical 
standpoin t. 

The results indicate tha t th ere was little or no 
. effect excep t at the lowest test stress used (20,000 
Ib/in.2). At this stress (20,000 Ib /in.2) th e effect was 
quite marked; for example, with a prior static 
stress of 40,000 Ib /in. 2 the specimens loaded in the 
sam e direction as the fatigue test load endured 10 
tim es as many cycles before fracture as those loaded 
in th e opposite direction. 

1 

IV. Effect of Specimen Geometry on Results 
of Bending Fatigue Tests 

As a result of the tests reported in the preceding 
sec tion and other bending fatigue tests made pre
viously, it was thought that the form of specimen 
commonly used in this type of mach ine had cer tain 
disadvantages. Although it is designed to have a 
section in which the stress is nominally constant, this 
section is bounded by fillets that raise the actual 
stress sufficiently to cause most of the failmes to 
originate at the bottom of one of the fillets. Accord
ingly, it was thought better to make the specimens 
with each side formed by a single circular arc of large 
radius, and the design finally adopted is shown in 
figure 1, b. The reasons for selecting the value of 4 
in. for the radius were as follows: (1) This is the 
largest radius that could be used with essentially the 
same over-all dimensions as the standard specimen; 
(2) it is sufficiently large so that thf\ stress concentra
tion due to the radius is negligible; (3) a sheet speci
men having the reduced section formed by an arc of 
4-in. radius on each side is being used for axial load 
fatigu e tests in the Engineering Mechanics section of 
this Bureau, and it was thought that futme compari
sons of data would be simplified by having a similar 
reduced section on the sheet bending specimens; 
(4) it was desirable to have a radius that could be 
used also for R. R. Moore and axial load fatigue 
specimens, and new type specimens for these ma
chines have b een designed with a 4-in. radius; 
(5) 8-in. diameter milling CLl tters are readily available, 
so that the specimens could be milled with a single 
traverse of the cutter on each side. This factor is 
important in reducing the cost of the specimens. 

In order to compare the results obtained with the 
two designs, 20 specimens of each type were prepared 
from a sheet of 24S- T nominally 0.102-in. thiclc The 
results of fatigue tests made on these specimens are 
shown in table 2 and figure 5. All tests were made in 
completely reversed bending. Three specimens of 
each shape were tes ted at each of the four test 
stresses to determine the approximate relationship of 
th e fatigue strengths, then seven additional specimens 
of each design were tested at a stress amplitude 3 of 

3 To avoid confusion it shou ld be pointed out that the term amplitude is used 
here to mean the value of A in the equation for the stress at any time, t, 

S=A (sin 21fft+B, 

where f is the freq uency of the testing machine, and B is t be mean stress. 
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25,000 Ib/in.2 in order to obtain a more accurate 
comparison of the dispersion of the data. 

The fatigue strength of tho 4-in. radius specimens 
was consistently higher than that of the standard 
specimens, although the difference wa not large. 
The stress to cause fracture in a given number of 
cycles was, on the average, 5 percent higher for the 
new type specimens than for the straight tapered 
ones; the difference being greater the larger the 
stress amplitude. This difference migh t be ascribed 
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FIGURE 5. CompaTison of fatigu e pToperties of 2.t,S - T sheet 
obt.ained with slandaTd and 4-i n . radius specimens. 

T All LE; 2 . 

A . Effect of specimen shape on fatig ue stTength of 248- T sheet 

I 

I 
Standard specimen 4· inch radius 

specimen 
Stress 
ampli· A verage A verago 

I t ud o N umber num ber of N umber number of 
of tests cycles to of tes ts cycles to 

fai lure failure 
---

lblin.' I 
20. 000 3 5. 871 X I(J3 3 6, 644 X 1(J3 I 
25,000 10 493 10 743 
30, 000 3 146 3 536 
35, 000 3 113 3 132 I 

B . Dispersion of data for a stress of 25,000 lb/in .2 

Standard 
specimen 

4·inch 
radius 

specimen 
----------c------I----- - __ _ 

Average num ber of cycles to fracture Np ___ ... 
Standard deviation, eT8. . _ ____________ _ ________ _ 

Coefficient of variation, 100u/Np ___________ (%) 

493 X 10 3 

319 

65 

743 X lO 3 
289 
39 

• T he values of standard deviation given here were computed by using t be 
formula given on p . 14 of [9J: 

The more common form of the equation is 

and this d in-erence should be kept in min d in comparing these data with t hose 
reported by other investigators. 

either to the lower stress concen tration in the 
4-in. radius specimen or to an effect analogous 
to size effect, considering that the new specimen has a 
smaller volume of metal to which maximum stre i 
applied. If the latter factor were the chief considera
tion, it would be expected that the dispel' ion of the 
results for the tapered specimens would be less than 
that of the 4-in. radius type. However the coeffi
cients of variation in table 2 indicate that the oppo
site is true, and that there is quite a difference in 
favor of the latter type. On the basis of these re
sults it was conclud ed that the 4-in. radius specimen 
was a more satisfactory design than the tapered one, 
both as regards elimination of stress concentration 
and reduction of scatter of the results. Accordingly, 
specimens of this type wer e used in all of the subse
quent work reported in the following sections. 

V. Evaluation of Fatigue Damage in 
24S- T Sheet 

It was intended that this study of fatigue damage 
would follow approximately the same course as that 
described in the latter part of [6] . However, the 
data proved to be mu ch less reproducible than the 
R. R . :Moore tests on steel , so the results could not 
be so readily analyzed and only limited general con
clusions could be drawn from them. 

The determination of the point at which a crack 
starts in a fatigue specimen requires two techniques 
not ordinarily employed in fatigue testing, namely , 
stopping the test when a small crack has formed, and 
measuring the growth of the crack with increasing 
numbers of cycles. This provides information for 
estimating the number of cycle between the start 
of cracking and the first observation of the crack . 
The method used for topping the test when a small 
crack had formed was that described by Foster [8]. 
This involved cementing a small diameter wire on to 
the surface adjacent to the critical section of the 
specimen. The wire carried the operating current 
to a relay controlling the testing machine motor, so 
that when the wire was broken the machine would be 
stopped. It was reported in the reference cited that 
the wire did not break until a cr ck had formed under 
it. This was not found to be the case with the sh eet 
specimens in bending, although the conditions re
ported by Foster were duplicated as nearly as possi
ble. Wires cemented onto the face of the specimen 
broke in as little as one-fourth the number of cycles 
required to start a crack in the specimen . This 
caused a considerable delay for inspection of the 
specimen and cementing another wire in place. 
Accordingly, the wires were usually cemented onto 
the side of the specimen, a short distance away from 
the edge where the strain amplitude was not so great. 
This had the disadvantage that a somewhat larger 
crack was required to break the wire than when it 
was on the face, but the sensitivity was considered 
adequate. 

After a small crack had been detected with the 
fracture wire, measurements of the growth of the 
crack were made at intervals until final fracture. 
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Figure 6 shows typical curves of crack length (ex~ 
pressed in terms of the ratio of the crack length to 
the width of the specimen at that point) versus 
number of cycles for three specimens tested with a 
nominal stress amplitude of 30,000 lb /in.2 The crack 
length was measured on the face of the specimen 
that had the longest crack, and the differences in 
the shapes of the curves in figure 6 are presumably 
due to differences in the development of cracks on 
the other face. The crack growth curves were 
extrapolated back to 0.01 crack~length ratio , and 
this was arbitrarily taken as the start of the crack. 
While this is obviously a rather approximate process 
for determining the start of cracking, the accuracy 
was onsidered adequate in view of the fact that the 
number of cycles from cracking to fracture was small 
in comparison to the number of cycles required to 
start the crack. 

Several specimens were tested in the manner 
described above to determine the average number of 
cycles from cracking to fracture (NF- Nc) (where 
NF is the number of cycles at which the specimen 
fractured completely, and N c is the number of cycles 
at which a crack first formed) at each of four stress 
amplitudes, 20,000, 25,000, 30,000, 35,000 lb/in.2 
These values were then subtracted from the average 
number of cycles to fracture for all specimens tested 
at the corresponding stress amplitude in order to 
arrive at the average number of cycles to form a 
crack, Nc . Both of these sets of data are shown in 
figure 7 and also are given in table 3. Three tests 
were made at a stress amplitude of 18,000 lb/in.2 in 
order to obtain a better idea of the general shape of 
the S-N curve, but no determination of the start of 
cracking was made at this stress, as it was not to be 
used as a test stress in the evaluation of damage. 

The evaluation of fatigue damage was carried out 
by stressing a specimen for a predetermined number 
of cycles at one stress amplitude, then testing it to 
fracture at a second amplitude. The damage was 
defined as the percentage decrease in the number of 
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FIGU R E 6. Crack growth curves f or 24S- T specimens tested at 
a nominal stress amplitude of 30,000 Ib/in.2 

Crack length ratio is equal t o t he crack length divided by t he specimen 
width. 

TABLE 3. Data for S-N curve, 24 S- T sheet 

Stress 
ampli-
tude 

---
lb ./in.' 
35, 000 
30, 000 
25, 000 
20, 000 
18, 000 

4 
10 

Average 
number of 

N umber cycles from 
of sp eci- beginning 

mens of crack to 
fracture 

(N F-NC) 
------

4 27X103 
5 70 
4 135 
3 300 

--._----- --- ----------

, 
10 

uma 
bel' of 
speci· 
mens 
tested 

--
9 
7 

11 

• 10 

8 
a 

Calculated 
Average Dumber or 

cycles to pro-number of duce crack cycles to 
fracture, N F Nc~NF-

l41 X 10' 
336 
919 

4,524 
22, 266 

(NF - N c) 

114X 103 
266 
784 

4, 224 
------ -. -- ---

7 
10 

CYCLES OF STRESS 

• 10 

FIG U RE 7. S-N curves for cracking and fracture ~n 24S- T 
sheet specimens. 

cycles required to form a crack in the prestressed 
specimen as compared with the original material, 

D= Nc - N cPX 100 
N c ' 

where D is the percentage damage, and Ncp is the 
number of cycles at which a crack first formed in a 
prestressed specimen. None of the tests for the 
determination of N~ (calculated number of cycles 
to crack) had been made at the stress amplitudes 
chosen for the prestress, so the number of cycles to 
start of cracking had to be obtained by interpolation. 
To make this interpolation as accurate as possible, it 
was desirable to find a method of plotting the data 
that would give a straight line. As shown in figure 8, 
this condition was satisfied very closely by plotting 
the logarithm of N~ against the reciprocal of the 
stress, so the interpolation was performed on this 
basis. 

Three prestress amplitudes were used, 17,000, 
22,500, and 32,500 lb/in2 • For the lowest value, the 
number of cycles to start a crack was not known, so 
the numbers of cycles of prestress were arbitrarily 
selected as 2X 103 , 2 X 106 and 2X 107• For the two 
higher stresses it was intended to a.pply the prestress 
for cycle ratios of 0.1 , 50, and 90 percent. However, 
the number of cycles corresponding to the intended 
values of cycle ratio were determined on the basis of 
a . group of tests made prior to starting the two-
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s tress-level tes ts. Single-stress-amplitude tests were 
made of additional specimens after the damage 
tests had been s tarted, and these changed the 
average values of N~, so that th e final values of 
cycle ratio were somewhat differ ent from the in
tended ratios. Th e value of N~ originally ob tain ed 
fi t 32,500 Ib/in.2 was too low, so tha t the final cycle 
ratios are smaller than the intended values, whereas 
the r everse was true at 22,500 Ib/in2• In addition, 
the highest ratio at 22,500 lb/in2• was altered as a 
result of specimens that failed before the pres tressing 
was completed, as explained below. The final inter
polated values of Ni: which were used in deter
mining cycle ratios were 

Stress a mplit ude Nt, 103 

cycles 

Ib/in.2 
22,500 ____________ I , 650 
32,500 ____________ 175 

The results of the damage tes ts are shown in figures 
9, 10, and 11 and are listed in table 4. A negative 
value of damage indicates that the average life of 
t he specimens tha t had been pres tressed was greater 
than that of the Ol'iginal material at the same str ess 
amplitude. There are two values of damage that 
exceed 100 percen t; these are possible because the 
calculation of damage is based on N~. If the average 
value of NF for the pres tressed specimens i less than 
the number of cycles from start of cracking to frac
ture, then the average Ncp will be negative, and the 
calculated damage will exceed 100 percent. 

T ABL E 4. Summary oj damage data, 24S- T sheet 

T est s tress 

lb/i n .' 
20,00U ........... 
25,000 ........... 
30,000 ........... 
35,000 .......... 

20,000 ...... ..... 
25,000 .... ....... 
30,000 ........... 
35,000.. ......... 

20,000 ........... 
25,000 ........... 
30,000 ........... 
35,000.. ......... 
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• 
.1 -20 

2X lO' cycles I 2X lO' cycles 2X 107 cycles 
prestress pres tress prcstress 

Number l I N um ber l N u mberl ofs peci· D a mage of speci· D a mage of speci· Damage 
mOils mens mens 

P rest ress am pl itud e 17,000 Ib/in .' 

Percent P ercent P ercent 
2 - 448 3 - '127 3 - 33 
3 65 3 - 33 3 32 
3 29 3 - 3 3 43 
3 14 3 26 3 11 

P restress am pli tud e 22,500 Ib/in .' 

O. l · percent cycle 54·percen t cycle SO·percen t cycle 
ra tio ratio ra Lio 

4 -3 6 77 2 I 42 
3 17 4 73 2 

I 
35 

3 -9 3 62 5 - 141 
3 41 3 47 5 67 

. Prest ress am pli tucle 32,500 Ib/i" .' 

O.l·pereent cycle 42·percen t cycle 75·perccn t cycle 
ratio rat io rat io 

2 - 8 3 48 3 77 
5 58 3 57 4 )05 
3 - 14 3 79 2 79 
3 25 3 45 5 102 
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o ± 25,000 ,.---
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+ 2 PERCENT CYCLE RATIO AT _ 32,500 L8/IN. 

FIGUR E 9. Evaluation oj fa ti gue damage due to prestressing at 
an amplitude of 32,500 Ib/in2• 
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at an amplitude oj 22,500 Iblin 2• 

For the tests involving high cycle ratios , some of 
the specimens broke before the prestressing was 
completed . The corrections applied to the data to 
account for these failures are explain ed in the 
appendix. 

It can be seen from the figures that the data were 
somewhat scattered . J 0 attempt has been made to 
draw curves illustrating the trends of the data on 
figures 9 and 10, but a dashed line at 45° (represent
ing a constan t rate of damage) has been put on t he 
figures for reference. While most of the points lie 
above this line, t here is no consistency as to t he 
relative position of the points represent ing the differ
ent test stresses. I t appears also that the method of 
computing the cycle ratio for the largest number of 
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cycles at ± 22 ,500 Ib/in. 2 introduced an appreciable 
errol' , as these results are quite out of line with t he 
others for this prestress amplitude. 

The effect of prestress at an amplitude of 17,000 
Ibjin. 2 was more pronounced , and the scatter there
fore less important. As shown in figure 11 , there 
was an increase in fatigue life as a result of this 
prestressing, which was particularly marked at the 
lowest test stress. The effect at all of the other test 
stresses was of approximately the same magnitude, 
so that only a single curve has been drawn on t he 
figure to represent these data. 

VI. Discussion of Results 

The results of the tests described above indicate 
that both stat ic and dynamic stress applied prior to 
t he start of a fa tigue test can have a marked effect 
on the fatigue life at relatively low stresses. In the 
case of th e Alclad material tested in unidirectional 
bending, t he changes caused by static bending were 
probably largely due to residual stress in the outer 
fibers of t he sheet . In the case of the bare material 
tested in reversed bending, the improvemen t caused 
by a small number of cycles of stress slightly below 
t he test stress was probably caused by cold-working. 
In both cases it appeared that the beneficial effect 
was eliminated by the fatigue stressing at all ampli
t udes above the lowest value used in the tests . 

The dispersion of th e data was so great that it 
would have been impossible to obtain results as pre
cise as those reported previously for steel [6] without 
using an unreasonable number of specimens. It is 
not known how much of the difference in the scatter 
of the data \vas du e to inheren t difference in t he ma
terial and how much was caused by the specimen 
geometry, bu t certainly the latter factor would be 
important . It is much more difficult to obtain re
producible conditions on the edge of a sh eet than on 
the surface of a cylindrical specimen. 

VII. Conclusions 

As a result of flexural fatigue tests made on 24 - '1.' 
aluminum alloy specimens the following conclusions 
were reached. 

1. The application of a static bending load to the 
specimens had a significant effect on the fatigue life 
of the specimens under unidirectional bending, if the 
tress amplitude in t he fatigue test was small. For 

a large static load in the same direc tion as the fatigue 
load, the fatigue life was increased, while th e reverse 
was true if the directions were opposite. 

2. A new design of specimen , having each side 
formed by a circular arc of 4-in. radius, was found 
to be more satisfactory than the straigh t tapered 
design . The new specimens were cheaper to manu
facture, had less stress concentration in the tet't 

o 4 6 B 

MILLIONS OF CYC LES OF 

10 12 

STRESS AT 

14 16 16 
2 

:t 17.0 0 0 LB / IN. 
20 section, and gave more-reproducible resul ts than the 

standard type. 
FIGURE 11. Evaluation of fatigue damage due to prestressing 

at an amplitude of 17,000 Ib/in2• 

3. Fracture wires were found to be a satisfactory 
means of stopping these tests when a small fatigue 
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crack had formed, but their use :involved some 
difficulties. 

4. The dispersion of the results of flexural fatigue 
tests on aluminum alloys was much greater than 
that of rotating beam test results on steel previously 
reported . 

5. The relat ion between the reciprocal of the stress 
and the logarithm of tbe number of cycles to the 
start of cracking was found to be linear . 

6. For pres tress amplitudes of 32,500 and 22,500 
Ib/in.2, the precision of the data was no t sufficien t 
to justify an exact s tatement regarding the progress 
of fatigue damage. The assumption of a linear rela
tion between cycle ratio and damage was within the 
experimen tal error . 

7. Prestressing a t a stress amplitude of 17,000 
Ib /in.2 resulted in an improvement in fa tigue life, 
that is, the damage was negative. For specimens 
subsequently t ested at a stress amplitude of 20,000 
Ib/:in.2, the improvement in fa tigue life after either 
2,000 or 2,000 ,000 cycles of pres tress was more than 
400 percen t. 
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VIII. Appendix 

1. Correction for Premature Failures 

The propor tion of premature fa ilures for th e four condi tions 
in which t hey occur a re 

Cycle Prema-
Stress a mpli tude ratio or ture n um ber of 

cycles failures 

Ib/in. 2 P ercent 
17,000 __________ _ 2x107 14 
22,500 ___________ 54% 14 
22,500 _____ ______ 98% 40 
32,500 ___________ 75 % 7 

For t he first , second , and four t h co ndi tion s l isted, the data 
were corrected for t he premature fa ilures by considerin g t hat 
t hese specimens had a value of N., = O at t he tes t s t ress. As 
t he valu es were actually less tha n zero, t hi s ass um ption had 
t he effect of ma kin g t he a verage N., at t he t est st ress too high. 
H owever, for t he condi t ions men tioned, where t he proportion 
of p remature fracture was small , t hi s error was not considered 
s ignifi can t . 

For t he t hi rd co ndi tion in t hi s tabula ti on, t he proportion of 
premature failures was so la rge that t he method used in 
handlin g t he data for t he other t hree condi t ions was not 
considered satisfactory. Accordin gly, a new val ue of cycle 
ratio was determin ed from t he followin g considerations; as 40 
percent of t he speci mens broke before t he pre t ress was 
completed , those t hat were tes te I might be considered to be 
t he st rongest 60 percent of t he populat ion , a nd t he average 
N~ for t hi s port ion is larger t han that of t he whole popula
tion. Thi s pew valu e, N~, was de termin ed by in terpolation 
between the val Li es for t he top 60 perce n t of t he specimens 
tested at ± 25,000 and ± 20,000 lb/in .2 (upper line on fig. ). 
On t his basis t he cycle ratio of t he specim ens teo ted was 80 
percent . 

WASHINGTO N, M arch 27, 1950. 
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