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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE NO. 983 

AXIAL FATIGUE TESTS AT TWO STRESS AMPLITUDES OF O.032-I NCH 

24S-T SHEET SPECIMENS WITH A CIRCULAR HOLE 

By W. C. Brueggeman I M. Mayer, Jr ., and '\'!. H. Smi th 

SUMMARY 

The effect of applying n 1 cycles of a h i gh fatigue 
stress Sl followed by na cycles of a relatively low 

stress Sa to failure and vice versa has been invest i ga ted 
on 93 drilled specimens of O. 032-inch 24S-T sheet. The sum 

n, n of the "c ycles ratiosll .- + _ ..G ,'!here Nl lr1 N;o 
and corre-

spond to Sl and Sa on the SN curve 
greater than unity if the low stress was 
less than unity if the higher stress was 
n n 

was f 0 un d t 0 be 
appli ed first, and 
applied first . For 

-2:. = 0 25 .2 exceeded unity when the low stress was applied 
N • I N_ 
loG , 

first, indicating a ben e ficia l effect of understr ess ing. 
Thus the sum of th e cycle ratios appears to be an in ade quate 
criterion of fatigue performanc e . Obviously, the seQuence 
of applying diff e rent stress amplitudes must also be consid­
ered. 

InTRODUCTION' 

Most of the available fatigue data for ai rcr af t metals 
have been obtained with constant stress amp litude. Fatigue 
loads in aircraft are usually variable in character . Obvi­
ously th e re are periods in which the lo ad amplitude is al­
ternately hi gh and low in g roups of cycl es or e v e n in the 
sam e cycle. There are so many possible var i at ions that it 
would be impracticable to make enough t ests to determine ' 
the f a tigu e stren g'~h under every c onc e ivab le loading condi­
tion. However, there is some hope of determining certain 
principles of the fatigue behavior of metals under variable 
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stress amplitude. A beginning has been made for ferrous 
metals in determining damage lines (reference 1) and the 
effects of understressing and overstressing on the endur­
ance 11m it. 

Perhaps the most important problem is to determine 

2 

the number of cycles to failure under the condition of 
loading shown in figure 1, in which nl cycles with a 
stress amplitude 8 l are followed by n2 cycles with a 
stress amplitude S2 ••• , and so forth, until failure 
occurs after nn cycles at stress amplitude Sn' The 
problem is to determine the total number of cycles to fail­
ure 

( 1 ) 

The following simple formula has been used by L. H. Donnell o 
William H. Bleakney. and others (no published reference 
could be found) for determining N from the usual 8-N 
curve of the material. 

= 1 

where Nl , Nz , ••• Nn are obtained from the S-N curve as 
the cycles to failure at a constant stress amplitude Sl. 
8 2 • ••• Sn° 

Equation (2) may be criticized on the ground that it 
makes no allowances for the beneficial effect of stresses 
below the f atigue limit (reference 1), since all terms are 
positive a n d therefore decrease the fatigue life. Langer 
(reference 2) tried to overcome this difficulty by replacing 
the 8-N curve by the damage l i ne and by adding negative 
terms to the sum . However. the procedure introduces a 
number of additional unknowns and it would be difficult to 
apply to materials such as a l uminum alloys which do not 
have a definite fatigue limit. 

Both Biezeno ' s and Langer's for mulas gives an answer 
for the total number of cycles to failure which depends 
only on the distribution of cycles n l , n2 , • • . , nn and 

not on their sequence . Thus, the same number of cycles to 
failure would be obtained according to the formulas with 
stress amplitudes increasing with time as with stress 
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amplitudes decreasing with time, provided the number of 
cycles f or each stress amplit u de i& the same . 

In view of the practical importance of the problem , 

3 

the National Advisory Committee for Aeronautics has author­
ized a research project at the National Bureau of Standards 
to determine the effect on fatigue life of varying the stress 
amplitude an d to compare the observed effect with that given 
by si mple formulas such as equation (Z) . 

TESTS 

All tests were made on coupons (fig . 2) machined fro m 
0.032-inch 24&-T sheet. The static tensile , and compressiv e 
properties of the sheet, typical stress-strain curves, and 
S-N curves obtained on both plain and drilled coupons arc 
g i v en in ref ere nee 3 (s h e e t B) . The s t res s- s t r a ina n d S- N 
cur ve s a r e: re p roduced in figures 3 and 4. The S- N curves 
o f f i ~ U l' e 4 c 0 v e r tv! 0 O. 03 2- inc h Z 4 S- T she e t s A and Ban dan 
0 . Of4-i n ch sheet C but are quite repre sentat ive of sheet B 
from which the specimens for the present invest i ga tio n we r e 
taken . In the presen t investigation the purpose of the 
circular- hole stress raiser was to simulat e more closely 
conditions in an actual st ructure wher e stress raisers are 
invariably present . The hole has the added ndvnntRge of 
reducing tho scat t e r of the rosults a s sh own in reference 3 . 

All t e sts were made under axial load in a lev e r-type 
machine s h own in figure 5 and describ ed in reference 3 . The 
mean stress was zero, Latnral guides described ir- reference 
4 restrained the specime n against buc kli ng during th e com­
pr e ssion half of th e cycl e . 

The procedure co nsist ed of applying n l cycl es of 
load at stress Sl then c hangin g the stress to S2 until 
failure a t n 2 cycles , The numb e r of cycles n l was 
selected s o that nl/Nl wa s equal to a bout 114, liz, or 3/4 . 

A stress of 38,500 pounds per squa re i n ch, comp ut e d on 
the net a rea of a cro ss se ction through the hole, was s el e cted 
for the h i g her value and 18 , 000 pound s p e r square inch for the 
lower. Tho se corresponded to N = 963 and 203,000 cycl e s , 
r e spectiv e ly . These particular st resses were sele ct ed be­
c a use one- f ourth the corr espond ing number of c yc les wns il bcut 
the mini muD which could eas ily be determined accu r a t e ly i n 
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t he c ase of the higher stress; failure occurred at the low e r 
str ess vithin a r easonable length of time an d the S-N 
curv e at N = 203 ,000 cycl es had sufficient s lop e so that 
t he s catter of th e S-N datil ",auld not make N too un­
c e rtain . The valu e s of N for these two stresses wer 0 
ootninecl by ave r ag ing the &-1T r esu lts for abou t a dozen. 
speci mGns at each stress. The higher str e s s was app li ed 
f ir st fo r about half the specimens and th e lo we r was applied 
fir st for t he other half . At the higher stre s s t he crank 
of the ma c h ine was turned by hand where t h is vas necess ary 
to obtai n tho required accuracy in det e rmining N. From 14 
to 1 8 spec i me ns were tested under each combination and 
sequenc o of loads . 

RESULTS AND DISCUSSION 

The r e sults are given in table 2; the average for e a ch 
loadi n G condi tion is plotted in fi gure 6 . The sum of the 

two ter rJs 

stress \'las 

stress 1.vas 

~~ + ~2. 
lif1 N2 
app lied 

app lied 

wa3 greater than unity when th e low 

first and less than unity wh en th e h i gh 

n _n_2 For =..1.. = O. 2 fi , \va. sac t u a. ll y 
Nl N2 

first. 

greater than 1 when th e low str e ss was applied first; this 
indica tes an i mp rov eme nt in. the high-stress p e rformanc e as a 
re sult of p r e stressing a t t he lower v a lue. In gene ral, the 
r esults are concordant wit h a statement of Boll en r a th, ref­
erenc e 5 , who in referring to inv e sti ga tions carri ed out by 
Te ic hmann und Gassn e r on stae l Ilnd dur a lumin s tructural 
member s stated: " •.• the s tr e ss scala v/hich c an be e ndur e d 
at 2. gi,ren number of cycles incr CL'. ses in this ord e r; r egu­
l arly fa lling , alt e rnRtely rising and falling Rn d regul ar l y 
risin g li nlits . In this way the str e ss sc a le or unit may in­
cr ease ~b out 70 ~e rc en t to 80 po rcB n~.~ 

CONCLUDING REMARKS 

Axial fatigue tests in which specimens were loaded for 
several fixed p ortions of their fatigue li fe at a lo w stress 
followed by loadin g at a h igher stress to failure and vic e 
versa showed considera blY h i gh e r endurance when the low str ess 
was app li e d first than when the high stress was applied first . 
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Although the r e sults of t h i s investigation , which wore ob­
tained for only two stress ampl i tudes , may not be sufficient 
to support gone ral conclusions regurding the effect on th e 
endurance of the sequen c e of applying fatigue stresses of 
differ e nt amplitude it seems clear than any ge neral formul a 
for endurance must take ce~uence into co n s ideration , A 
si mp l e formula such as equation (1) is inadequate to de­
scribe the endurance when many cycles a t low stresE ampli­
tude are followed by many cycles at high stress amplitude. 

National Bureau of Standards , 
Washington, D. C. , Jan , 27 , 1945 , 
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TABLE 1.- TENSILE AND COMPRESSIVE PROPZRTIES OF 

0 . 032-INCH 24s-T SHEET 

, 
Longitudinal Tensile Yield Ultimate Young's 

or or strength s trength modulus 
transverse compressive 

(kips/in:2) 
:2 

(kips/in) 
:2 

(kips/in ) 
-

Longi tudinal T 52.8 70 •8 10 , 640 

Longitudinal T 51.8 74.2 10,350 

lLongi tudina1 T 52 . 5 70.0 10,440 

lTransverse T 45·4 68 . 5 10 , 300 

Tro.nsverse T 43 . 9 ---- 10 , 450 

TrD.i.1. sver s e T 45 · 3 6e.4 10.370 

Transverse T 45 .0 67.6 10,280 

Longi tudina1 C 44.0 --- 10 , 750 

lLongi tudi!lal C 43. 2 ---- 10,470 

lStrcss-stro.in curve given in fi gur e 3. 

I Elonga­
tion 

6 

(perc ent) 
L--.-

18 . 0 

18.0 

18 . 0 

18 . 0 
, 

-------
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TAB LE 2. - RESULTS OF FATIGUE LOADING 

AT TWO STRESS AMPLITUDES 

Low stress High stress 
applied. first applied. first 

'::1:. n 2 
I n

, 
+ ~2 ~1:. .::~ \ '::1:. + '::3 

Nl 1L N N Nl N2 I Nl N2 c; 1 2 -- -_._-- - - -
0.23 1.10 1.33 0 .25 0.76 1. 01 

. 24 1. 1 5 1 . 39 . 25 . 43 . 68 

. 24 1 . 2 1 1 . 45 . 25 . 34 I .59 

. 24 1.14 1.38 .26 .75 I 
1. 01 

. 24 1.10 1.34 .25 . 37 . 62 

. 24 . 72 . 96 I .26 . 30 .fi6 

. 22 . 84 1. 09 
I 

.26 . 40 . 66 
. 25 1 . 25 1 . 50 . 26 . 26 . 52 

'1 r.:: 1. 21 1 . 46 I . 27 . 28 . 55 I • C'.~ 
'1ti. 1 . 12 1. 36 . 27 . 34 .61 I • ;.J .... 

<) 1. . 99 1. 23 I . 27 . 80 1 . 07 • v' _ 
I 

• .23 1 . 13 1 . 36 i .28 . 32 . 60 
. 24 . 93 1. 1 7 . 26 . 30 .5 6 

'1 , -
. 0:..6 1 . 00 1 . 23 .26 .40 .6 6 

. 26 . 72 .98 

. 25 . 34 .") 9 
• 25 . 35 . 60 
. 25 . 34 . fi9 

Av. . 24 1 . 06 1 . 30 .26 .43 . 69 

. 45 1.2f· 1 . 71 . 5 1 .30 . 81 
. 48 1.16 1. btl- . 52 . 49 1 . 01 
• '±9 1.31 1.80 . 51 .39 .90 
• ·19 1.07 1.56 . 53 .23 . 76 
. 47 .Sf) 1.02 .53 .21 .74 
. 48 _ .74 1.22 .;:;4 . 19 . 73 
.49 . 56 1.05 . 53 .29 . 82 
• ·19 1. 07 I 1.5E . 54 .37 . 91 
. 49 1.04 I 1.53 . 54 . 29 . 83 
. 50 .82 1 . 32 . 54 .24 . 78 
. 49 

I 
.74 1 . 23 . 53 .22 . 75 

.48 1 . 03 1.51 . 52 .15 . 67 

. 4 8 I 1.05 1.fi3 .52 .23 .75 

. 46 .72 1.18 . 5 1 .27 .78 
• ·17 1.17 1.64 .50 .24 .7<l 

Av. .48 .95 1 . 43 .132 .24 .76 
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TABLE 2 (Continued) 

Low stress I High stress 
applied first I applied first -

I 
'::1. TT~ + '::.g ~ _~;a 2:.1 + ~3 
Nl N;a Nl Nz Nl N,z NI .J", 

I 

I 

0.73 1.10 1.83 r .83 .10 . 93 
.70 .91 1.61 I 

. 76 

I 
. 22 . 98 I . 69 .02 .71 I .78 .1 1 I . 89 

. 71 1.14 1.85 
I 

. 82 • 19 1. 01 
.7 4 .36 1 .10 . 79 . 20 . 99 
• '7 0 .40 1.10 . 89 .11 1.00 
• 7 ~~ .79 1.52 .79 .1 9 . 98 
. 73 1 . 00 1.73 . 81 . 16 . 97 
. 7 /1: 1.27 2 . 01 . 81 .21 ! 1 . 02 
. 75 .90 1.65 .82 . 42 I 1. 24 
. 71 . 56 1.27 • 81 • 08 I . 8 9 
. 71 . 46 1.17 . 77 . 10 i . 87 
. 7 1 .18 • 89 .80 . 25 1. Of' 
. 68 1.02 1.70 .75 . 19 . 94 
. 67 . 71 1.38 .73 .22 . 95 

. 6~ ' 83 1 . 50 

Av. . 7 1 . 73 1 . 44 .80 I • 1 8 . 9 8 
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Fig. 5 

Figure 5.- Fatigue testing 
machine. 
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]j'ig,1.1.J'e 6.- Average results for fati gue loading at two stress amplitudes . 


