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JC INTS Hr 24S - T A LCLAD SHEET 

3y H . W. Russell , L . R. Jackson, 
H. J . Grove~ , and W. ~ . Beaver 

s Ur,i!·1AR Y 

T~is report includes tension fatigue test results Oil 
the folioving types of sa.rnples of 0 . 040- inch alclad 24S-T: 
(1) cOilob1ock sheet saxn1es as received and after a post
aging he8.t treatment, (Z) "sheot efficiency" samples (hlo 
equa11~ stressed sheets joined by a single tra n sverse row 
of s pot \1' e 1 d s) bot has Z' e c e i v e dan d aft e r p 0 s t - a gin g, (3) 
spot-welded lap- joint s~rnples as rece i ved and after post
agin~, and ( 4) roll-welded lap-joint sa~ples . 

~ests on the sheet uaterial f~rnish base curve£ for 
the jointeL sa mples and show the effect of post - aging on 
the sheet . Post - aging by heating 10 hours at 370 0 F 
raiset t~e yield strength about 25 per c ent but raised t~e 
static ultimate only about 2 . 5 percent and did not , in 
general , ~easurably incroase the fatigue strength values. 

S~oot efficiency tests showed the two sheets joined 
by s~ot voIds to havo abobt 84 percent of the static ulti
mate stro~gth of the sheet catcrial . Samples post-aged 
after velding had 90 percent of the static strength of 
tho (post - ago) sne e t . Cn the other hand, saBples tested 
in fatigue sh owe d, for a range in lifetimes from 104 

cycles to 107 cycl e s, about 80 percent of the strength of 
the s hoe t ma t c ria 1. T ~ e fat i gu est ron g t h s we ron 0 t 
greatly affected by post- aging after spot-welding . 

ileither post-aging after spot-welding nor post-agin~ 
bofore s~ot-woldinG , in general , increased tho fatigue 
strenGth or the stati c shear st r ength of the spot-~elded 

lap-joint samples . In fact , the r e a~peared a slight 

'-------~---- -_. _. 
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decrease in fatigue strength at a low ( 0 . 25) ratio of Bin
imUD lo~d to maximum load owing to post - aging after spot
i'ie IdL1G . 

Roll - welded lap- joint samples appeared sligltly 
weaker in fatigue (and , except for the 3/8-in . weld
spacin~, in static tests) than similar spot-welded saB~leG . 
The ai;fcrenco between the fatigue strengths of roll
welded ~~d of spot - welded samples va r ied froD 0 percont to 
18 percent, but tho maximum difference was not greater 
than t~o variation in fatigue strength among commercially 
spot-voIded samples . 

~he variation in fatigue strength that might be e~
pectod in cODmercial practice is discussed briefly . 

1ostin~ procedures used to obtain the data given in 
t~is revort are described in r eference 1 . 

This investigat i on , c onducted at the Battelle Memorial 
Institute , was sponsored by , and conducted with financial 
assistnace from , the National Advisory Committee for 
Aer O:lo.. .... '.t ics . 

Acknowledgment i s due Mr . E . S . Jenkins of the 
Curti3s-Wright Cor~oration, Dr . ~aurice Nelles of the 
1ock~cec Aircraft Corporation, and Mr . T . 3 . Piper of 
Northrop ~ircraft , I ncorporated for advice and assistance 
in obt~ining ~aterials and jointed sam?les for this 
in v est i f,r. t ion . 

1. FAT IGUE T~STS OF SHEET WtTE?" IAL 

Material and Test Pieces 

~eBts have boen made upon alclad 24S-T sheet to fur
nish ~ase curves for the spot - welded samples and also to 
find tho effect of poet- aging upon tho fatieue properties 
of t~lO G~·_ eet . To dato , fatigue tests have been nado upon 
sheet ~n the Oo040- inch gage as received and after post
aging hent treatmont of 10 hours at 370±5° F . A fe~ sam
ples voro stret c hed 4 . 3 percent and t~en hoat - treated ~n 

the sa)e manner . 

Preliminary tests with conventionally shaped specinens 
containing a section of unifo r m width gave considerable 
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trouble with failures in the fillet section and with scat
ter of experimental fatigue da ta . Figure 1 shows the 
types 01 specinen finally adopted to overcome these diffi
cul ties . The speciDen was inexpensively cut with a 12-
inc~ fly~cutter and a vertical feed on a milling machine. 
Res ults in fatigue tests have been very consistent and 
r elJr 0 Cl-11 C i b Ie . 

Calculat ions indicate that , for the region (±1/4 in. 
fro T! t~le center line) ,vhere all breaks have occurred, 
stress c oncentrati on factors are less than 1.0~ . Over 
this recion, the cross - section area varies less than 0.2 
percent. It, therefore , seems legitimate to compute the 
stress as load divided by cross-section area at the center 
(to wit~in the esti~ated 3-percent precision in measurinG 
and maintaining loads) . Co mpa rison of results of tests 
(both static tensile and fati gue ) on the present specimens 
with results for conventiona l specinens shows good agree
ment . ~~e c~ief difference in results is the reduc ed 
scatter in fatigue tests . 

Table 1 gives the rer-ults of static tensile tests On 
sam~les of each group and figure 2 shows stress-strain 
curves fro~ these tests . It may be noted in table 1 that 
aginG sno?les at 370 0 F for 10 hours increased the yield 
strength* 25 percent but iLcreased the static ultimate 
only 3 ~ercent . Si milarly, aging samples of sheet that 
had been stretched 4.3 percent raised the yield and the 
static ultimate the same amount as heat treatment without 
previous cold worki~g . 

~~e oi crostructures of the sheet as received and as 
post-aged are shown in fi gure 3 . 

Fatigue Test Results 

~able 2 gives the results of fatigue test s on the 
sheet i2 the as - received c ondition , and figure 4 shows 
load-life curves plotted from these data . The small 

*All stress - strain data ivere taken idth a 2-inch 
extensoDeter . For the samples with continuously varying 
section, a slight correction was made to give the aver
age strai~ . Results agreed well with results on uniform 
width samples, as illustrated in fig . 2 . 
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scatter of the experimental points about the mean curves 
is tY:"1icn.l of results on monoblock sa mples ( of the sha2.)e 
described) and is within the estimated experimental error 
of ±3 percent in load value . Table 3 gives fatigue test 
results for the sheet after post - aging . 

ii'ir:;ure 5 sho\vs load- life curv es for sheet as ·receiYe(l 
and for ~ost-aGed sheet . The small open circ les are re
sults for the few samples fro m sheet stretched 4.3 perce~t 
before t~e post-aging nBat treatment . (See table 4 .) 
Apparentl y t he post - aging : 

(1) Increased stat ic yield 25 percent b~t static 
ultimate only 3 percent 

(2) Slightly increased the fatigue strength (about 5 
percent) at R = 0 .75 (for which the static 
comp onent of load is high) 

( 0 ) Did not , in general , increase the fatigue strength 
in tests at low load r atios (For R = 0.25 
and at 2 X 10 5 c y cles, the fatigue strength 
of the post - aged sheet appears actually 12 }}el~ 

cent lo we r than that of sheet as received.) 

It must be concluded that the post - aging treatments 
use~ on this 0 . 040- inch al c lat .24S-T were not beneficial 
in fatioue . 

I I . SHEET EFF IC IEUCY FAT IGUE TESTS 

Test Pieces and Static Tests 

Fatigue test results already have been rerortet i~ 

ieference .2 for samples co mprising unstressed (scab) sheets 
spot-1fo2.c1.cd to 0 . 040- i::1cL 24S-T alclaa sheats . These ~ests 
have b aen extended by using two equally stressed sheets of 
0.040-i~ch alclad joined by a center ro w of SBots space~ 
3/4 inch apart . 

A ty~ical spe c imen is shown in figure 6 . This sha)B 
of spec~men is the sarna as that used for tests on monobloc~ 
sam 2.) 1 c s • T est s VI e re rna d. e 011 hI a set s 0 f sam p 1 e s: (1) S l1 e c t 
S~)ot-\lclc1ed as r ecoived. and biven no post-aGir..g , ar..d (;3) 
sheet spot - welded as receivod but samples heated fer 10 
hours at 370 0 F. 
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St ~t ic tensile results are shown in table 5. The 
strcFs-otrnin curves* for the sheet efficiency specimens, 
strecscd Qnd unstressed, aged and unaged, l2-inch R or 
par~llel-sided sample ~ a~e the same as for sheet speci
mens. (See fig. 2.) 

Spot we lds from the stressed attachment sample are 
show~ in figure 7 . 

Results of Fati gue Tests 

Figure 8 shows load-:ife curv es at a load ratio 
R = 0.25 for : (1) monoblock samples , (2) sheet samples 
wit h unstressed attachments , an~ (3) sheet samples with 
equally stressed attachments. In each case, sheet and 
attachnent were of 0 . 040-inch 24S-T alclad and were joined 
by three spot welda 3/~ inch apart in a line across the 
cen ter . The curve for the unstressed attachment samples 
was ?lotted fr om data previously reported (referenc e 1, 
table 23) supple mented by data on a few samples cut to 
the shape shown in figure 6 . However, the unstressed at
tachment samples were fro m different sheet material than 
the stressed attachment s~mpleG . Data for figure 8 are 
given i~ tables 2 , 7 , and 8 . 

It is apparent that the spot welds have caused some 
stre n Gth reduction . The reduction appears much the same 
whether tho attachment is unstressed or stressed as muc~ 
as the s~eet . It amounts to about 20 perc ent so that the 
sheet efficiency of the spot welded samples is about 80 
perce:lt r or R = 0 . 25 . At higher load ratios, the sheet 
efficiency is souew~at higher : namely , 85 percent at 
R = 0.50 and 90 perce nt at R = 0 . 75 . Tho static sheet 
efficiency is about 85 percent . 

~rblos 6 an d 7 gjve data for two sets of samples of 
sheets \lith str es sed at tachments : (1) as received, and 
. (2) 1) 0 S t -a g e d . 

Fi::;ure 9 shows load- life curves for the t\.,ro sots of 
samplo!> of sheets with stressed attachments: (1) as . 
receive d , and (2) post-agod . Although the post - aging 

*Stross- strain curveD were agai n taken with a 2-inc~ 
extc~:!.sonot;er . The significance of Hyield points" i n sl:eot 
efficio~c~ specimens is a question that may well des orve 
more attention in the future . 
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heat tre~tment increased the static failure strength about 
11 ~crccnt , t~e sheet efficiency samples show no sicnif~
cant fntiGue strength change. (Difficulties i~ loading 
the ti:O GllGets equally cause a possible error of 6 percoj~t 

in each ord inate of each curve, so that differonces in t~e 
cur ves of less than about 12 percent of Bny load value CLn
not be co~sidered significant . ) 

F~ilure took place in str e ssed attachments alo~g the 
periphor~ of the wold slug starti ng at the notch at the 
end of t:~e spot (fi g . 7(b)) . This vras the same type of 
fati ,,;uo break as t'lat previously noted for i\felds in Ull

strossed nttachments (r e f e rence 1, fig . 34) . 

III. T~i:::; EFF:rDCT OF POST-AGFG ON SPOT-WELDED LAP JOLi'J:1S 

Test Pieces and Static Tosts 

T~e ef fect of post - aging upon the fatigue strength 
of spot-uelded lap- joint samples has been tested for 
0.040-L'lch 24S-T alclad . Each sample was made by joini:lg 
two ~ieces 9 inches long and 5 inches wide by a single 
r 0 \\f 0 f s :..) 0 t ,\f e 1 d s ( s pa c e d 3/ 4 in . bet 'vi e e n c e n t e r s) ina 
I-inch overlap section . 

Table 9 indicate s the several sets of samples used. 
Set s 1 n~d 2 were used to study the effect of post-agi~~ 
after \relding . Not enough of the same s hee t material ,'ras 
available to study the effect of post - a ging before weldinG . 
Accordi~gly, set 3 was from a different lot of sheet, and 
a fev s~D~les of this different sheet were prepared as 
set s 4 and 5 to furnish data for intercomparison purposes. 

Table 9 also gives the static breaking loads of the 
various samples . In general , the variation in static 
breaki~G load for samples as received wns g reater than 
variations noted due to aging . 

FiGures 10 to 13 sho\v macrographs of typical relcls . 
Micro-iardness tests showed little change in hardness in 
the v['.rions zones (see reference 2, fig . 16) because of 
any ~ging treatment . 
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Fatigue Test Results 

Ta~les 10, 11 , 12 , and 13 show the results of fatigue 
tests on the various sets of spot-~elded lap joints, and 
the lond-life curves of figures 14 , 15 , and 16 summarize 
the Eain features of these results . 

Fisure 14 shows load-life curves for samples of the 
same sbeet materiRl both as received Bnd after post-aging 
heat treateent . With one somewhat questionable exception 
(R ::: ':>.75 for lifetimes greater than lcP cycles), the 
curves for the samples post- aged after spot-welding fall 
below the curves for the samples as received . In this 
instance , post-aging after welding appears to have lowered 
the fatigue strengths an average of about 8 per c ent . 

FiGure 15 shows load- life c urves f or lap- joint samples 
froe s~eet post- aged before spot - welding an1 for samples 
spot-vel[ed without post-aging . The evidence in this case 
suggests strengthening at high loads and weakening at 
10 ... .1e1' loads . 

Fiually, figur e 16 shows results of tests on lap-
j a in t s D. T.l P 1 e s : ( 1) as r e c e i v ed, (2) po s t - a g e d aft e r s pot 
weldi~G, and ( 3) post -a~ed before spot-welding for a load 
ratio R ::: 0 . 25 . Results for hig~er ratios are somewhat 
less definite becauBe of an insufficient number of samples 
of the sane sheet material ; however , the curves for higher 
ratios do not seem to offer different results . It appears 
that post - aging befor e spot - welding is preferable to post
aginG after spot-welding . Post - aging before welding may 
affore cliGht strengthening in fatigue for high loads . 

Failure takes place in heat - treated spot welds and 
spot velds in aged sheet i n the same manner as has been 
found for ordinary spot welds with c racks starting at the 
notch forced by the termination of the internal alclad at 
the \rclet slug and propagating outvlard to\vard the external 
alclad . (See figs . IO(b) to 1 3(b) . ) 

IV . FATIGUE TESTS OF LAP JOIHS: S i'lITH RO!:.L i'lZLDS 

Test Pieces, Weld Prope r ties , and Stati c S trengths 

A few tests have been made to conpare the fatigue 
streuGths of lap joints made with roll welds to the 
strollctLs of similar joints made with spot welds . Three 
sets of roll-welded samples we r e tested . Each sample 
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con 8 is t e (1. of t \If 0 pie c e s (5 by 
alcln& joined by a single row 
of a I-inch overlap section . 
centors were 3/8, ~/4 , and Ii 
gr oU:9S. 

9 in . ) of O. 040-inch 24S-T 
of welds along the center 
The spacings between weld 
inches for the different 

8 

The roll welds showed the same structural character
istics as conventional spot welds . In general, roller 
spots h~d cOlsiderably more indentRtion and showed a 
greater difference between longitudinal and transverse 
dimensions than conventional spot welds . In all cases , 
the ero~test weld diameter was in the direction of roll
ing (~eri?heral rotat i on of weld i ng wheel, table 14). 
The FIC-C set (l,t-in . weld spacing) showed the greatest 
de v i a t i 0 il in t b. i s res p 9 ct . ( See fig. I 7 (a ) . ) Ha c r a gr a}? h s 
of welds from samples with 3/4- and 3/8- i nch weld spacin~s 
are shown in figures 18(a) and 19(a) . 

T~ble 14 gives stati c shear strength values of the 
roll welds . The strength per spot decreased with decreas
ine spot s)acing as for conventional welds. For spot 
\oJelds (seo reference 2, fig . 7) , the static strength per 
inch of joint seemed to have a maximum for a spacing be
tween 3/8 and 3/4 inch . On the contrary, the roll-welded 
joints withstood increasing loads with decreasing weld 
spacin~ to and in c luding the 3/8- in c h spacing . 

Uo1ds which failed in fatigue are shown in figures 
17(b), 18(b) , and 19(b) . Fatigue cracks occur r ed in the 
same position and manner as f or c onventional spot wolds. 
Cracks started at the notch formed by the inte r nal alclad 
la~cr at the ond of the weld button and propagated through 
tho s~oot tOiard the oute r al c lad surface . Tho cracks 
showed souo tendencies to follow weld boundaries. Failure 
always took place along the least dimonsion of the weldr 
(trQnsvorse to the direction cf r olling and in the direc
tion of the applied stross) . Exceptionally long and thin 
spots (o . g., fig . 17(b})failcd outside the \oJcld slug; t.lis 
was also a typical failure for convent i onal spot welds of 
similar dinensions . 

Fatigue Te s t Resul t s 

Tables 15, 16 , and 1 7 show load- li f e data for roll
welded lap jOi n ts . 
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Figure 20 shows load-life curvos for lap joints with 
roll welds spaced 3/8 inch apart . For comparison, curves 
(ta ken from reference 2, fig. 6) for spot-welded lap 
jOints are shown on the same figure . Fi~ures 21 and 22 
sho~ similar sets of load-life curves for samnies with 
weld spacitlgs of 3/4 inch and of 1% inches, r~spectivelY. 

Before drawing conclusions , it is well to note two 
points. ~irst, the spot-welded samples and the roll
welded saoples were from different lots of sheet material. 
Sec ondly , experimental points have been omitted from the 
curves. In general , the scatter was small (i.e., within 
the 3-percent precision of loading). There was, however, 
some~hat ereater scatter for samples with roll welds 1% 
inches apart, possibly produced by variations in the weld 
di nension s. There was a further discrepancy in the rol1-
welded samvles with ~/8-inch spaced welds; the number of 
welds varied from 11 to 14 . The variati on in number was 
due to different edge distances rather than varied spac
ings ~nd did not so much affect the total strength of the 
joint ~s it did the strength per weld. 

It \/ill be observed that, in general, conventional 
spot welds appear stronger in fatigue than roll welds. 
This CO il c lusion is Ciuestionable for the 3/S-inch weld 
spacin G. For this spacing, roll welds were considerably 
stronger in static tests and were weaker in fatigue only 
for the 0.25-load ratio. It must be noted (see part V) 
that s~nples of different lots of sheet and spot-welded 
by different operators show considerable scatter. It 
seems possible, therefore, to conclude that roll welds 
are not necessarily weaker than spot welds but show suf
ficient promise to deserve further consideration. 

V. VARIATIONS IN FATIGUE STRENGTHS IN COHIv!ERCIAL WELDING 

In a previous report (reference 2 , pt. II), some 
compari so ns of fatigue strengths of samples spot-welded 
by various operators were shown. Additional tests now 
give a total of six sets of samples which have been 
tested ~t a loa d ratio of R = 0.25. Figure 23 shows all 
the ex~erimental points on a load- life diagram. Differ
ences in weld dimensions, static shear strength of spo~s, 
and pro~erties of sheet material are shown in table 16. 
(Tables 19 and 20 in appendix I and fig . 24 show the 
experimental data ~nd macrographs of spot welds for one 
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set of saill~les . All other points on fig . 23 are from 
previously reported data . ) The 61 points in figure 23 
fall wit~in a reasonably well determined scatter band. 
The scatter in static ultimate values is 35 percent; 
while fatigue strength scatter varies from 21 percent at 
short lifetime to 45 percent at long lifetime . These re
sults indicate the variation to be expected in commerciBl 
practice , owing to different operators using different 
mac~ines , techniques , and lots of sheet material . 

There are not enough data to estimate the relative 
importance of the two causes . Tests on anyone set of 
samples show much less variation from a smooth curve than 
tests o~ samples frob different sets show. The scatter 
is not reduced by plotting the ratios of fatigue strengths 
to static ultimate strengths . This emphasizes a previously 
s tat e d con c 1 u s ion (r e fer en c e 2, p . 10) t ha t , 0 win g t 0 cl if -
feronces in the nature of failure, high static strength of 
spot-volded lap joints does not imply correspondingly high 
values. 

At the present time , the relation of weld structure 
and dimensions to fatigue strength is not sufficiently 
understood to interpret such scatter . As has been noted , 
the scatter in static results is about 35 percent, a value 
which soehlS large in view of the Rensselaer finding (ref
erenco 3) that the scatter for single spots is about 30 
percent. Sin c e the test pieces used here all involved at 
least 3 spots, it would be expected that the scatter would 
be less than for single spots . A part of the additional 
scatter is probably caused by different welding techniques 
and part by differences in material . 

Battelle MAmorial Institute, 
Columbus, Ohio, Harch 1944 . 
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TABLE 1.- STATIC 'lXNSILE STRENGTH OF MONOBLOCK FATIGUE 
SPECIMENS OF 0.40-INCH 24S-T ALC.LAD 

Yield Strength" Ultimate Strength Elongation 
T-.il!!! Le 8 i I 112 s i I (% in 2 In.) 

12" R sides - Unaged 

AIC - 29 50,300 67,300 19 

AIC - 30 50,900 66.700 19 

12" R sides - Aged 

A2C 62.400 69.400 4 

A2C 62.400 68.700 4 

Strsight sides - Unaged 

AIC - 90 50.660 66.700 19 

AIC - 91 49.700 66.000 19 

*Taken with two-in. gage length extenaameter. See footnote on page 3. 

TABlE 2.- FATIGUE reST RESULTS FOR ALUMINUM MO~OBLOCK SAMPLES 
AS RECEIVED·( 1. 000" xO.040") 

Sample Number Maximum Load Cycles to Failure 
(p s i ) 

Ratio .25 
AIC 88 66,000 26,600 

AIC 59 64,000 29.600 
AIC 18 60.000 25.300 
AIC 72 52.000 57,500 
AIC 16 45,000 162,900 
AIC 19 40.000 192,900 
AIC 17 33.000 701 .100 
AIC 82 30.000 2,405,400 
AIC 21 23,000 >10,417 ,200 
AIC 28 37,000 308,900 
AIC 32 28 , 000 1,564.400 
AIC 35 26.000 >10,131,000 

Ratio .50 
AIC 27 :58,000 111,800 
AIC 26 52,000 181,900 
AIC 25 45.000 481.300 
AIC 83 41.000 749,600 
AIC 23 32,000 >9,173, 100 
AIC 23 reload 50,000 191,900 
AIC 6 35,800 1,347,800 

Ratio .60 
AIC 34 60,000 135,800 
AIC 50 54.000 298,700 
AIC 36 50,000 621,200 
AIC 37 44,000 2,941 ,600 
AIC 55 50,000 551,700 

Ratio .75 
AIC 85 67,000 4.200 
AIC 75 64.000 B4B,&00 
AIC 81 62,000 886,000 
AIC 31 60,000 >9.637 .000 

~ 
a-
\..oJ 
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TABLE 3.- FATIGUE TEST RESULTS FOR ALUMINUM MONOBLOCK SAMPLES 
POST-AGED (1.000" xO.040") 

Maximum Load 
SemEle Number (12 s i l Cycles to Failure 

RatiO .25 
A2C 9 65,000 16,700 
A2C 7 62,000 24,600 
A2C 6 60,000 22,900 
A2C 2 50,000 77,:300 
A2C 3 40,000 121,800 
A2C 4 32,000 304,100 
A2C 8 29,000 656,500 
A2C 23 28,000 6,860,200 
A2C 29 28,000 638,200 
A2C 5 25,000 >10,011,200 

Ratio .50 
A2C 15 65,000 78,100 
A2C 24 65,000 22,100 
A2C 14 60,000 79,300 
A2C 12 50,000 119,700 
A2C 17 47,000 335,400 
A2C 13 44,000 :310,300 
A2C 11 40,000 2,927,600 
A2C 18 36,000 6,343,200 

Ratio .60 
A2C 22 64,000 194,600 
A2C 16 56,000 545,800 
A2C 20 50,000 748,100 
A2C 25 45,000 3,765,200 

RatiO .'15 
A2C 21 60,000 > 5,779,500 

TABLE 4. - FATIGUE TEST RESULTS FOR ALUMINUM MONOBLOCK 
SAMPLES PRE-STRE~HED 4% BEFORE POST-AGING 

(1.000" xO.040") 

Maximum Load 
Semple Number (p s i ) 

Ratio .25 

A4C 9 
A4C 5 
A4C 7 
A4C 14 
A4C 8 
A4C 10 
A4C 13 

65,000 
50,000 
38,000 
34,000 
30,000 
28,000 
26,000 

Cycles to Failure Remarks 

13,600 
57,500 

143,500 
232,300 
437,000 

3,039,400 
544,500 Possible flaw in 

machined edge; point 
not plotted on curve. 

13 
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TABLE 5. - STATIC TENSILE STRENGTHS OF'SHEET EFFICIENCY" SPEClMENS 

Yield Strength· Ultimate Strength Elongation 
Type (p s i ) (p s i ) (% in 2 In.) 

Stressed attacbment 
(unaged) 52,200 55,550 4 

Stressed attachment 
(aged) 59,100 62,400 2.5 

Unstressed attachment 
(unaged) 52,000 58,350 5 

*Taken with two-in. gage length extensometer. See footnote on page 5. 

TABLE 6.~· FATIGUE TEST RESULTS FOR SAMPLES OF 2 SHEETS 2.244" x 0.040" 
SP~ED ACROSS CENTER WITH 3/4" WELD SPACING. 

(p s i ) 
Sample Number Maximum Load Cycles to Failure 

Rat100.2~ 
C1C 9D 52,000 7,100 
ClC 27D 40,000 115,100 
CIC an 33,000 87,300 
CIC lOD 24,000 981,600 
CIC 25D 23,000 1,285,000 

Ratio O. 50 
ClC l5D 52,000 1,100 
C10 19D 52,000 3,000 
010 17D 48,000 197,800 
C1C lSD 34,000 730,100 
OlO 23D 32,000 8,976,600 
reload 50,000 30,300 

Rat100.60 
ClO 21D 50,000 375,200 
OlO 24D 45,000 762,300 

I I 
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TABLE 7.- FATIGUE TEST RESULTS FOR SAMPLES WITH 2 SHEETS 2.244" x 
0.040" SPOTWELDED ACROSS CENTER WITH 3/4" WELD 

SPACING 
(Poot-aged Afte r Welding) 

Sample Maximum Load 
Number (p 5 i) Cycles to Failure 

R 0.25 

C2C23D 54,000 22,300 
02C21D 50,000 51,000 
C2C9D 46,000 50,800 
C2C4D 40,000 3,400 
C1C31D 39,000 90,000 
C2C7D 37,000 190,800 
C2C100 36,000 179,500 
C2C5D 34,000 173,800 
C2C1D 30,000 232,400 
C2C8D 26,000 500,500 
C2C3D 24,000 255,600 
C2C32D 23,000 641,000 
C2C6D 22,000 1,504,300 
C2C2D 22,000 
C2C2D 20,000 >10,724,800 
Reload 40,000 114,300 

R 0.50 

C2C16D 51,000 45,000 
C2C210 50, 000 51,000 
C2C130 46,000 242, 200 
C2CllO 40,000 290,000 
C2C120 32,000 866,900 
C2C150 28,000 > 9,406,800 
Reload 40,000 337,100 
C2CHD 26,000 > 10,239,200 
Reload 40,000 504,500 

R 0.60 

C20260 57, 000 160,000 
C2C220 52,000 268,000 
C2C20D 47,000 699,300 
CaC24D 44,000 761,200 
e2C19D 39,000 8.743,400 

TABLE 8.- FATIGUE TEST FOR UNSTRESSED ATTACHMENT SAMPLES 
2.244" x 0.040" 

Sample 
N).IIIIber 

Maximum Load 
(p 8 i ) 

RatioO.26 

Crele. to Failure Remarks 

GA8 50,000 :5,800 Failed through weld •• 
6A9 46,000 8,000 
6A10 44,000 46,300 " 
6B6 40,000 85,800 
6B5 34,000 246,700 
6814 28,000 501,700 " " 
6A7 22,000 787,900 " 
6B1B 22,000 1,951,10(, 
6Al6 19,000 4,095,500 

15 
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"Possibly sli~ntly low due to one poor spot. 

TABLE 10.- FATIGUE TEST RESULTS POR LAP-JOINT SAMPLES POST-AGED 
AFTER WELDING 

(Samples 5"x 0.040", spotwe1ds spaced 3/4" apart) 

Sample Maximum Load Cycles to 
Number Total Lo Lb ZIn. Lb 7spot Failure Remarks 

Ratio O. 25 

B2C20 2,000 400 333 6,500 Pulled buttons. 
B2C80 l,8OC 360 300 19,100 Fatigue crack. 
B2CID I,SOC 300 250 58,900 " 
B2C30 1,200 240 200 151,400 .. 
B2C4D 876 175 146 525,000 " " B2C50 750 150 125 1,829,500 It" 

B2CBD 700 140 116 4,000,000 
B2Cm 675 136 112 >9,421,400 Did not fall. 
Reload 1,500 300 250 49,800 

RattoD.50 

B2C190 2,250 450 375 10,000 Pulled buttons. 
B2C150 2,000 400 333 39,300 Fatigue craok. 
B2C14D 1,800 360 300 39,800 " .. 
B2CllD 1 , 500 300 250 114,300 
B2C120 1,200 240 200 340,800 
B2C130 1,000 200 166 715,600 
B2C1m 900 180 150 2,166,900 " 
B2C160 825 165 138 3,882,000 

RattoO.75 

B2C240 2,700 540 450 21,800 Pulled buttons. 
B2C210 2,500 500 416 113,900 " " 
B2C1BO 2,050 410 343 268,000 Fatigue cracks. 
B2C220 1,750 350 293 793,800 " 
B2C230 1,500 300 250 3,856,600 
B2C250 1,450 290 242 10,031,500 
Reload 2,500 500 416 54,300 Pulled buttons and 

fatigue craok. 

-.~ 



TABLE 11.- FATIGUE Tl!ST RJ!:SUL'IS lOR LAP JOINT SAMPLES AS 
RECEIVED (Samples 5" :It 0.0.0", spots ~/"Q &part) 

Sample Maximum Load 
7spot Number Total Lb Lb lIn. Lb Cycles to Fallure Remarks 

Ratlo0.2!5 
B1C 50 2000 400 ~ 5.000 Pulled buttons 
BIC 190 1800 360 300 15,700 
B1C 4D 1650 330 275 31.000 .. 
B1C 80 1450 290 243 119.000 Fatlgue cracks 
BIC 70 1300 260 216 384.900 
BIC 10 1200 240 200 269.700 
BIC 20 950 190 158 1.449,800 
BIC 30 875 175 146 1.712,600 " 
B1C 60 750 150 125 4,130,600 

Ratloo.50 
BIC 130 2300 460 383 13,000 Pulled buttons 
BIC 150 2000 400 333 24.400 Fat 19ue crae les 
SlC 180 1850 370 308 78,800 
SlC 120 1750 350 292 92,000 
SlC 160 1550 310 258 173,500 
BIC 110 1250 250 208 525,400 
310 140 1000 200 166 1,625,000 
SlC 170 900 180 150 2,794,100 
BIC 280 850 170 142 >7,534,200 Old not faU 
81C 200 800 160 133 >9,370,600 
Reload 1500 300 250 242,900 

Ratlo0.75 
SlC 25D 3000 600 500 7,300 Shear and pulled 

buttons 
SlC 230 2700 MO 450 71,600 Pulled buttons 
SlC 220 2125 425 3M 282,700 Fstlgue cracks 
SlC 210 1750 350 292 795,000 
SIC 24D 1500 300 250 1,334,300 
SlC 260 1300 260 217 2,580,500 
SlC 270 1200 240 200 >9,7:31,800 
Reload 2000 400 333 234,800 

~ -"-.--
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TABLE 12.- FATIGUE lEST RESUL'IS FOR LAP JOINT SAMPLES PROM SHEET 
POST-AGED BEFORE WELDnlG 

(Samples 5" x 0.040", spots 3/4" apert) 

Sample Maximum Load 
Number Total Lb Lb lIn. Ll: /Spot Cycles to Failure Remarks 

Ratio 0..25 
2B3C 30 2300 460 ~83 7.500 Pulled buttons 
2roc 20 2000 400 333 39.300 Fatigue crsck 
2roc 10 1500 300 250 152.500 
2B3C 200 1300 260 217 269.000 
29:3C 4D 1200 240 200 426.600 
2roc 50 1000 200 167 789,000 
2roc 60 850 170 143 1,740,600 
2B3C 80 750 150 126 3,360,300 
2i33C 90 575 135 112 >7,533,000 Old not f8U 

Retlo0.50 
2B3C 110 2500 500 417 10,200 Pulled buttons 

and shear 
2roc 120 2100 420 350 56,000 Fatlgue crack &. 

pulled but tons 
2B3C 130 1800 360 300 128,300 
2B3C 140 1500 300 250 205,900 
2B3C 150 1250 250 208 467,700 
2B3C 160 1050 210 175 1,014,400 
2B3C 170 925 185 154 3,618,400 .. 
2roc 100 850 170 142 3,791,600 

flatioO.?5 
2B3C 210 3000 600 500 11,100 Shear 
2B3C 260 2750 55U 458 91,300 Pulled buttons 
2B3C 220 2500 500 41? 200,700 l'!\tlgue cracles 
2B3C 230 2200 440 367 365,300 
2S3C 240 1800 360 300 625,400 
2B3C 250 1500 300 250 1,838,500 
2B3C 2?0 1350 270 225 3,006,500 
2roc 190 1300 260 217 2,889,100 

!:z\ 
~ a 
~ 

~ 
!z; 
0 

01> 
PI 
w 
0 

.... ... 
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TABU: 13. - FATIGUE TEST RESULrs FOR LAP JOINT SAMPLES 
(Samples 5" x 0 . 040", spots 3/4" apart) 

AS RECEIVED 

Sample Max1roum Load 
Number Total Lb Lb /In. Lb / S12ot C~c1es to Failure Remarks 

Ratio 0.25 
2BIC IlD 2500 500 417 1,900 Shear 
2BIC lD 2000 400 333 6.200 Pulled but tOM 
2BIC 2D 1700 340 283 20.600 Pulled buttons 

~ & fatigue cracks I 
2BIC 3D 1400 280 233 88 .600 Fa t igua cracks 0' 
2BIC 50 1150 230 192 339 .200 vJ 

2B1C 4D 1000 200 167 762,900 
2BIC 6D 825 165 136 1,341,800 
2B1C 8D 750 150 125 >9,520.500 Did not fail 
Reload 1500 300 250 111,100 Fatigue crack 
2B1C 7D 675 135 112 >10.856.000 Did not feil 
Reload 1500 300 2:;0 85,700 Fatigue crack 

Retio 0.75 
2B1C 13D 2300 460 383 127,100 Pulled but ton s 
2BIC 9D 2000 400 333 411,700 Fatigue cracks 
2B1C 10D 1500 300 250 1,554.500 
2BIC 120 1400 280 233 2,710,400 

TABLE 14.- AVERAGE DIMENSIONS AND STATIC ~EAR STRENG'lliS OF ROLLER SPO'IWELDS 

Material Statio Breaking Load Weld Diamet"r PeT Cent of 
Specimen Spacing Gags Lb .. /Swnple Lb -/Spot (Inches) Ponetration R"mark. 

FIC29C 3/8" 0.040"-0.040" 6,5S0 470 0. 199 *.010(1) 5016% Broke alongside spot •• 

FIC30C 6,140 440 0.220 '*.010(1) 50'*121-

FlC29D 3/4" 3,380 565 0 .lS0t.OO4( 1) 50 i s,t Sheared. 

FlC30D 3,200 535 0.2307 .004(2) 63+5% 

FIC29E 1- 1/4 " 2,280 670 0.130 '*. 0501 (1) 37'*t;%, 

FIC30E 2,280 570 0 .230·.015(2) 40· b% 

(l)Perpendiculur to weld line . 

(2)pur~118 l to weld line. 
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TABLE 15.- FATIGUE TEST RESULTS FOR LAP JOINT ROLL-WELDED SAMPLES ~ 
TABLE 16.- FATIGUE TEST RESULTS FOR LAP JOINT ROLL-lIiELDED SAW'L.ES > 

(Samples 5~ x 0.04~, welds 3/4" apart) (Samples 5" x 0.040", welds 3/8" apart) 

~ 
Sample Mu1m.um Load !oIax1m.um !Ded rzI 
Number Total Lb Lb 7In. Lb 7lJeld C:/:c1es to hilure Remarks S!IlJll:!le Number· 'lbta1 Lb Lb Zm. Lb 71fe1d Cze1es to Feilure ? 

Ratio 0.25 Ratio a25 of> 
I"J 

FlC 2D 1750 350 292 4,900 Pulled buttons F1C 100 !l4) 2750 550 196 12,700 v:> 
FIC 22D 1550 310 258 17,600 F1C 9C (13) 2500 500 192 14,300 0 

FlC 5D 1500 300 250 19,400 " FIC 6C (14) 2000 400 143 39,500 
FlClD 1250 250 208 55,800 Fatigue crack nc 200 (H) 1750 350 125 22,400 
FIC 3D 1000 200 166 109,500 FlC 4C (13) 1375 275 105 321,200 
nc 27D 950 190 158 166,100 FlC 2C (13) 1200 24{) 92 302,200 
FlC 4D 750 150 125 509,100 FIC lC (13) 1000 200 77 469,500 
FlC 6D 650 130 108 802,000 FlC 7C (14) 900 180 64 755,100 
FlC 7D 600 120 100 1,310,700 FIC 3C (13) 850 170 65 1,367,900 
F1C BD 500 100 83 1,549,100 FlC 36C (14) 800 160 57 1,604,200 
nCIOD 475 95 79 3,405,300 ~ FIC 00 (13) 750 150 58 >10,247,600 
FIC 9D 420 B4 70 3,059,900 Re10ed 2000 400 154 47,100 
nc 2BD 400 80 67 5,586,800 F1C 5C (14) 650 130 46 >9,173,100 

• Reloed 1800 360 129 75,900 
Ratio 0.50 
FlC 14D 2050 410 342 9,300 Pulled buttons RatioQ.50 
FlC 13D 1800 360 300 30,100 FlC 19C !l2) 3000 600 250 58,700 
FlC 11 D 1500 300 250 70,100 Fatigue crack F1C 13C (14) 2675 535 191 78,400 
Fle 12D 1250 250 208 312,300 F1C 17C (12) 2200 440 183 151,000 
nCl5D 1150 230 193 411,200 FlC 11C (H) 2000 4{)0 143 174,600 

" FIC lOD 1000 200 166 608,400 • F1C 33C (14) 1850 370 142 117,110 
FlC 17D 850 170 141 724,500 F1C 18C (U) 1700 340 141 450,300 
FlC 1BD 750 150 125 1,139,300 FlC 12C (14) 1500 300 107 557,200 
FlC 19D 650 130 108 2,242,100 FlC 14C (H) 1250 250 89 2,659,700 
FlC20D 600 120 100 5,751,800 FlC 15C (12) 1150 230 96 1,327,600 

FlC 200 (12) 1000 200 83 970,000 
Ratio 0.75 F1C 35C (14) 950 190 68 >10,516,600 
Fld 26D 2375 475 396 67,400 Sheer and Reloed 2000 400 143 179,300 

pulled but tons FlC 16C (12) 900 180 75 >9,008,000 
FIC 2lD 2000 400 333 181.400 Pulled buttone Re10ed 2000 4{)0 166 293,800 
l"lC 23D 1550 310 258 593.800 
F1C 24D 1375 275 230 860.500 Fatigue erbcke Ratio 0.75 
FIC 250 1125 225 187 2.542.000 ~ FlC 32C (H) 4000 800 286 74,600 
F1C 32D 1075 2UI 179 3.220,900 " FlC ~ (14) 3500 700 250 543,300 
FIC 33D 1000 200 166 >1l.136.900 Did not fa11 FlC 22C (H) 3000 600 214 559.900 
Reload 17l1O 350 292 216.800 • FlC 21C (14) 2l100 500 178 973,800 

FIC 23C (14) 2200 440 157 1,473,700 
F1C 240 (l4) 1900 380 136 1,102,100 
F1C 2~ (14) 17!1O 350 125 2,103,300 

*The number in parentheses gives the total nueber of welde for each 
sample. Variations are due to varied distances of outar welds from 
edges rather than to varied weld spacings. 

..... 
«) 

[ -
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TABLE 17. - FATIGUE 'mST RESULTS FOR LAP JOINT ROLL-WELDED SAMPLES ~ 
(Samples 5" x 0.040", weIde It" apart) e; 

Sample Maximum wad Cycles to 
Number Total Lb Lb 7In. Lb 7S2':!t Failure Remarks 

Ratio 0.25 
FlC 5E 1300 260 325 8,700 Pulled buttons 
FlC lE 1200 240 300 13,500 
FIC 4E 1100 220 275 20,000 
nc 2E 87:1 175 219 154,000 Fat igue crecks &: 

pulled button 
FlC 3E 625 125 156 892,200 
FIC 6E :100 100 125 3,573,600 

Retio 0.50 
nc 15E 1500 300 375 12,800 Pulled buttons 
FIC llE 1250 250 313 43,400 Shear &: pulled buttons 
FIC 12E 1000 200 250 239,200 Fetigue creek 
FlC 13E 825 165 205 463,200 and 

pulled buttona 
FtC HE 6:10 130 163 2 ,731,000 
FIC 14E 600 120 150 9,230,300 
Reload 2000 ~OO 500 300 SbBar 

Ratio 0.75 
FlC 25E 2000 400 500 37,900 Pulled but tons & sheer 
FlC 24E 1750 350 438 86,300 
FtC 22E 1500 300 375 260,500 Fatigue cre ek end 

pul1e d but ton 
FlC 2lE 1250 250 313 6 .. 7,700 " 
FlC 23E 1000 200 250 l,156,~00 

FlC 26E 850 170 213 7,182,500 

TABLE 18. - WELD DIMENSION S, STAT IC SHEAR STRENGTH, A1fD lXiEET STRENGTIl OF SPOTWELDED SAMPLES 

Sample Description Static Bre .. king Weld Diameter Percentage Strength of Sheet Metal 
DeSignation Spacing Gage wad, Lb /Spot lIn) Spot Pene- Yield UltiIllbte 1! Elong. Remarks 

tration p.s.i. p.s.i. in 2" 

Set 2 3/4" 0.040" 635~0 0.190-0.210 45-50 47,300 66,000 19 Sound. well 
dropped ,11 tUe 
indentation. 

Set 3 500*40 0.170-0.1BO 38-45 43,950 65,360 18 Sound,ends of 
weld tuper,some 
indentati on . 

Set 6 595"5 0.215 35-50 52,500 67 ,000 17 Sound ,well 
centered « shap-
~d indent .. tion. 

Set 1 479"10 0.180-0.190 75-80 48,800 64. ,300 19 Heavy trans-
verse crack-
ing,some in-
dentation. 

Set 4 615*1 0 . 240-0.240 60-7.0 51,300 64,750 16 W,,1ds off 
center,peanut 
shaped. 

Set 5 520~7 0.170-0.180 55-60 54,700 68,500 19 Sound ,some in-
dent"tion,well 
sho.pcd(oven). 
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APPENDIX I 

ADDITIONAL TEST RESULTS ON SPOT-WELDED LAP JOINT SAMPLES 

Table s 19 and 20 show load-life data for two sets of 
lap- joint samples spot-welded under different condi tions 
(i.e., by a different operator and on a different machinB) 
than any reported previously on this project. One set of 
these (that of 0.040-in. sheet) is included in the discus
sion in part V of this report. The other set of data has 
not be e n di scussed. but. upon comparison with data for 
other sampl es of 0.032-inch sheet, shows signs of the same 
variation in fatigue strength as evideneed in the thicker 
gage sheet samples. 

Figures 24 and 25 show photomaorographs of typical 
weld~ for samples listed in tables 19 and 20. Thes e welds 
show no unusual feature. 
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TABLE 19. - FATIGUE TEST FOR LAP JO INT SAMPLES 5",0.040" - 0.040" 
6 SPOT WELDS. 3/ 4" SPACED. MADE BY COMPANY C 

Sample Maximum Load 
Number Total Lb Lb ?rn. Lb 7SEot 

Cycles to 
Failure Remarks ~ 

fJ'. 

Ratlo0.25 
W 

B18 9D 2000 400 333 8,200 Pulled but t on B 

B18 3D 1800 360 300 15,500 Fatigue crack 

C 
BIC lD 1500 300 250 38,700 " 
B1 ~2D 1200 240 200 122,100 " 

BI
C 

4D 1000 200 166 329,500 " C 
C 

BIC 5D 850 170 142 705,000 " 

BI
C 

6D 750 150 125 1,125,300 " C 
C 

B1C 7D 650 130 108 1, 044 ,100 " 
C 

B1C 10D 600 120 100 1, 832 ,700 " 
C 

Ble 8D 550 110 92 9,028 , 200 Dld not fail 

Bl~ 19D 500 100 83 9,198 , 200 " 

Reload 2000 400 333 18 ,000 Shetlr 

RatioQ.50 

BIC 11.1) 2000 400 333 14,400 Shear & pulled 
C button. 

BIC IBD 1700 340 283 76.500 Fatigue crack: 
C 

BIC 12D 1500 300 250 141, 000 " 
C 

BIC 13D 1200 240 200 284,800 " C 
BIC 14D 1000 200 166 621,500 " 

C 
BlC 15D 850 170 143 1, 013 ,900 " 

C 
BIC 16D 750 150 125 1.044,500 " C 
BlC 17D 625 125 104 4, 338, 000 " C 

Ratlo0.75 
BIC 25D 2375 475 395 72 ,900 PUlled but tons 

C 
BIC 22D 2000 400 333 178, 200 Fatigue crack: 

C 
BIC 24D 1750 350 292 435 ,400 " C 
BI C 2lD 1500 300 250 1. 011 , 800 " C 
BIC 23D 1250 250 208 2 , 754, 500 

C 
BIC 27D 1200 240 200 3 , 535, 400 

. 
I C 

BIC 26D 11 75 235 196 '(, 050 , 200 
C 
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TABLE 20.- FATIGUE TEST FOR LAP JOlNT SAMPLES 5" , 
• 032" - .032" 6 SPOT WELDS, ~/4" SPACED 

MADE BY COMPANY C 
<"I 

:J: Sample Maximum Load Oycle B to 
Number Total Lb Lb /In. Lb /Spot Failure Remarks 

RatloO.25 

B~B 1D 1500 300 250 2,500 Shear 

BeB 5D 1250 250 208 6,600 " 
BaB 2D 1000 200 167 45,000 Fatigue cracks 

~B 4D 800 160 133 220.500 " 

B~B 3D 675 135 112 1,095,500 " 
BIB 6D 550 110 92 1,204,800 " C 

BeB 10D 500 100 83 1,546,000 " 

RatioO.75 

BIB 12D 1500 300 250 123,800 Fatigue cracks 
C 

BIB llD 
0 

1250 250 208 361,200 " 
BIB 7D 1000 200 

C 
167 1,103,600 " 

BlB 8D 850 170 142 2,107,800 " C 

BIB 9D 750 150 125 
0 

10,843,200 Did not fail 

Reload 1250 250 208 302,900 Fat igue crack 
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APPEND IX I I 

l-EJ~~10DS OF OBTAINING AND PLOTTING TEST RESULTS 

Introduction 

In previous reports, fatigue data have been presented 
in terns of maximum load-life curves at constant ratios of 
mininuD load to maximum load . While families of curves of 
this kind can present all the information that can be ob
tained fio~ direct stress fatigue tests, it is worth while 
periodically to reopen the question as to whether the data 
are bei~g presented in the most usable form . There are 
two viow~oints to be considered: 

(1) The viewpoint of the fatigue laboratory where 
the interest is in getting a maximum amount 
of information about a material from ~ given 
number of test pieces 

(2) The viewpoint of the designer who wishes to ' have 
the data in the form most convenient for use 

That method of plotting ~hich satisfies the first 
viewpoi~t may not necessarily satisfy the second. Eowever 
if a sufficiently complete pattern of data is obtained 
froD one viewpoint, it can always be presented in terms of 
the second. 

FiGure 26 shows a sinusoidal loading curve for 
tension-tension fatigue testing. Two quantities must be 
specified to determine completely the loading condition, 
and three quantities are necessary to represent the load 
life. 3ecause of the practical difficulties of represen
tation of three-dimensional surfaces , it is convenient to 
use faoilios of t1o-dimensional curves . Such curves may 
be co~sidered to represent contours of the three- 
dimensional surface. 

The two quantities necessary for specifying the 
loading condition can be selected in a large number of 
ways. ~~e obvious quantities expressible in stress units 
are the followine: 
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S minimum stress min 

S Bean stress mean 

S maximum stress max 

Salt am~litude of alternating stress 

~hese 4 variables allow for consideration 12 types 
of load- l ife curves: ( 1) 3 types of c onstant Smin curves 

(,'lith Smoan' Smax' or Salt l)lotted against the number 

of c~-cles to failure) ; (2) 3 of constant Smean ; (3) 3 of 

const~ut Smax; and (4) 3 of c onstant SaIt o 

Other load-life curves may be drawn by holding the 
ratio 

R _ 

or the ratio 

Salt 1 - R 
r - - --- = - _._--

Snean 1 + R. 

constant ~nd plotting anyone of the four load values 
listed above against lifetime . 

T 11 e fat i gu e t est s ma de at Bat tell e . '1e m 0 ria 1 Ins tit l.'. t e 
on Douoblock samules of 24S - T al c lad aluminum cover the 
tensio~-tension iOad ranee and a lifetime range from 10

4 

to 107 cycles fairly c ompletely . The load~life curves 
also s~J.o", satisfactorily small scatter . Consequently, 
these ~ata furnish ex c ellent illustrations of the general 
app oar~~ces of the several possible tYJes of load-life 
diagraDs~ 

In the following section , there are shown 13 types 
of load-life diagrans drawn from tho data on aluminum 
sheet sanples. It is not believed that all these dia
grans will be of common use . 

As will be brought out later, it see~s probable 
that, froD the standpoint of the fatigue test laboratory, 
the nost useful method of obtaining data on aluminum 
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alloys a~pears to be the one of obtaining S-N curves at 
consta~t mean load; however , the advantages are not yet 
well enouGh established to warrant a change in method of 
taki~g data . The other types of c u r ves illustrated in 
figures 27 to 39 have been drawn with the idea that an 
aircraft designer might find one method of presentation 
more useful than another. It is hoped that there will be 
comments from the aircraft companies that will aid in 
settling on the most useful method of presenting data. 

Load- Life Diagrams 

Figures 2 7 through 39 show various loa d- life diagrams. 
I\iost of the data were taJ:en at consta.nt load ratio, aneL 
a 11 0 f t 11 e sec ur v e s (f i g . 2) e xc e p t tho s e for R:;: O. 35 
and R:;: 0.55 were completely determined by direct exper
iment . The curves in the other figures were computed from 
the constnnt R cur ves . I n a few instances , the assump
tion th~t the desired curves would have been easily ob
tained experimentally was c hecked by loading samples 
appropriately and attaining the predicted lifet i mes. 

It should be note d that all diagrams a r e plotted on 
a log-log scale and all st r ess values are in units of 
1000 psi . In general , certain limiting values appear on 
each diagram owing either to the fact that the maximum 
load is limited by the static ultimate Su or the fact 

that the minimum load is limited (for the;e tension
tension tests) to a value just greater than zero . Such 
limitations are noted upon the individual graphs. 

It might be noted that , of these load-l ife diagrams, 
figure 36 (curves at constant mean load) is perhaps most 
directly compar able to the diagrams commonly shown for 
reversed stress tests . 

Constant Li fe Diagrams 

It also is possible to represent the results by plot
ting various pairs of the variables against each other for 
a constant lifetime . Figures 40 through 46 show such dia
grams. These representat i ons have two valuable features: 
(1) ~~oy contribute to an unde r standing of the behavior of 
materials , and (2) they f ur n i sh useful means of interpola
tion between experimentally obtained curves . In each fig
ure , t~e limiting valu e s for t en s ion- te n sio n tests are 
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indicated. Of these constant life diagrams, fi g ur e 45 
(a mplitude of alternating load against mean load) is a 
type of representation which often has been used. 

Concluding R emar ks 

27 

The mos t important criterion in cho osing a method of 
plottinG the t est r es ults is the use to be made of these 
results. It has already been suggested, howeve r, that 
the sane crit e rion d oes not necessarily apply to choosin g 
the method of taking t he data . I t is quite possible to 
use one set of working c u rv es in taking the data and to 
compu te from these the d esired set of ' cur ves for applica
tion of the r es ults to practice. A r easonable cri terion 
for cho osi ng the working curv es is to se le ct those curves 
which , because of simplicity and uniformity of shape, 
afford the simplest in ter po l at ion b o t ween observed test 
points. 

This may be i llustra t ed by c 0ns ideri ng a specific 
example . Suppose that it is desired to obtain the c om
plete faL1ily of constant ratio curves (suc h as fi g . 27). 
I t is 0uit e oos sible to take a set of constant mean loa d 
c urves- (fig . -36) and to co mpute from these the c onstant 
rat io c~rves, a nd this p~oced~re offers some advantages . 
Individunl c on stan t mean load curv es are so mewhat simpler 
in shape tha n individual const ant r at i o curves (particu-
1 a r 1 y for s h 0 r t 1 if e tim e s ), an d. t h us i t rna y b e p 0 s sib 1 e 
to de tor ni ne a si ngle c onstan t moan load curve with fewer 
samples. Also, the c onstant mea n loa d cur ves preservo 
morc nenrly the same s hape throughout the family ; this 
allows dete r mination of the complete f ami ly from few er 
cur ves 'G:lan in the c ase of the constant r atio method . 
The rel~tive simplicity of i n t e r polation is also illus
trated by a comparison of t he co nstant life di agrams in 
figur os 40 an d 45. It appears t hat the c ons tant me~n 
load Dethod migh t provo e cono mical of test specimens a3d 
test inc time f or the ~ ur pose of c ove ring the fi eld of 
tcnsio ~-tensio n loading . 

It shoul d be pointed out, howover, t hat this ch oice 
of a method of obtai ning data cann ot be made in the 
absence of any knowledgo of the behavior of the material . 
I n another mate rial , it mi ght well bo that the cur ve 
shapes f0 r constant r atio would bo the most si mple . 
Further :' ~ol' O , the present ar gumen t has b oen based on the 
assuD~tion that it is desired to obta in enough information 
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to plot an enti re fa mi ly of curV Gs. If only enough sam~lc s 
ar c available to obtain a sing le cur ve , it is quite proba
ble that some other type of c urve would be the most inform
ativ e . 
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Metallographlc Structure of Monoblock Fatigue Specimens. 
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Keller's Etch 

(a) 

As received. 

Keller's Etch 

(b) 

Fatigued. 

Figure 7. 
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Spotwelds From stressed Attachments (0.040" - 0.040" Sheet). 

Fig. 7 
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FIG. 8 .- FATIGUE CURVES FOR SAMPLES OF 0 .040" ALCLAD 24S-T WITH 
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Keller's Etch 

(a) 

As-received • 

. ~. • y . . . . ., . 

Keller's Etch 

(b) 

Fatigued. 

Figure 10. 
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Ble Type Spotwelds (0.040" - 0.040" Sheet). 

Fig. 10 
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Figure 11. 
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Fig. 11 

B2C Type Spotwelds Heat Treated at 370°F After Welding (O.040"-O.040"Sheet). 
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Keller's Etch 

Keller's Etch 

(a) 

As reed ved. 

(b) 

Fatigued. 

Figure 12. 

24440 
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2B1C Type Spotwelds (0.040" - 0.040" Sheet). 

Fig. 12 
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Keller's Etch 

Keller's Etch 

(a) 

As r ece ived. 

(b) 

Fa.tig;ued. 

Figure 13. 

24442 
lOX 

24443 
lOX 

2B3C Type Spotwelds. Sheet Heat Treated at 370°F 
Before Welding ( 0 . 040" - 0.040" Sheet). 

Fig. 13 
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Keller's Etch 

(a) 

As received. 

Keller's Etch 

(b) 

Fatigued. 

Figure 17. 

lOX 

24444 
lOX 

rig. 17 

24444 

Sectioned tranaver&e to 
rolling. 

24445 

Longitudinal to rOlling. 

Sectioned in direction 
of testing-- transverse 
to rolling. 

Roller Spotwe1ds, 1-1/4" Spacing. 
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Keller's Etch 

Keller's Etch 

(a) 

As received. 

(b) 

Fatigued. 

Figure 18. 

24446 
lOX 

24447 
lOX 

Roller Spotwelds, 3/4" Spacing. 

Fig. 18 

Transverse to 
rolling. 

Longitudinal to 
rolling. 
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Figure 19. 
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Roller Spotwelds, 3/8" Spacing. 

Fig. 19 
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Transverse to rolling. 
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Longitudinal to 
rolling. 



en 
1.9 

I 

~ 

lAO! 

Q 

; 
.... 

~ 

~ 
9 

i 

o 
..J 

W 

ARR No . 4B: 30 riga. ae,a! 

400 

lOO 

100 

100 

90 

10 

70 

eo 

455 

R· MIN LOAD I MAX LOAD 

308 STATIC SPOT WELDS 

SPOT 

ROLL 

CYCLES TO ~ILURE 

FIG. 20.- FATIGUE CURVES FOR ROLL-WELDED AND SPOT -WELDED SAMPlES. 
(SAMPl.£S 5" X 0.040" WELDS 3/8" APART.l 

600 :194 STATIC SPOT WELDS 
R • NIN LOAD I MAX LOAD ~46 STATIC ROLL WELDS 

~~----------~------------r-------~~~------------r-----------~ 

l ~~~----+-------~----~~~~~-+~--~~ 

I --SPOT WELD 
I 

ROLL WELD 

IOO~----------~~----------~------------~----------~~----~--__ -= 
8~------------r------------+------------r-----------~--~~----~ 

60~----------~~-----------1-------------+------------~----------~ 

10 104 10 5 

CYCLES TO FAILURE 

FIG. 21.-FATlGl£ C~~VES FOR ROLL -WELDED AND SPOT-WELDED SAMPLES. (SAMPl£S 5" 
X0040". WELDS t APART.l 



cO 

'" I 

) 

BACA ARR No. 4E30 Figs. 22 ,23 

en 
9 .... 
~ 

.... 
CD 
~ 

a 
<& 

9 
x 
C 
:I 

G 
A. 
III .... 

!5 
~ 

i 
0 
...J 

»C 

~ 

600 

500 

400 

300 

200 

500 

400 

300 

200 

100 

'0 

R: MIN LOAD / MAX LOAD 

08 STATIC SPOT WELDS 

570 STATIC ROLL WELDS 

- - - SPOT WELDS 

ROLL WELDS 

10" 

CYCLES TO FAIWRE 

FIG. 22.- FATIGUE CURVES FOR ROLL-WELDED AND SPOT -WELDED SAMPLES. 
(SAMPLES 5" )( 0.040·. SPOTS 1-1/4" APART. ) 

-635 (2) I I 
~~(4) 
~7:~~ 

R • MIN LOAD / MAX LOAD' . 25 

SET SYM8QL 

I 0 
2 0 
3 X 
4 A 
5 • 
6 V 

10
2 lOa 

CYCl£S TO FAILURE 

FIG. 23.- FATIGUE CURVES FOR LAP JOINT SAMPLES MADE WITH VARIOUS 
WELDING CONDITIONS FROM SHEET OF DIFFERENT HEATS (SAMPLES 5" 
X 0.040". 6 SPOT WELDS SPACED 3/4" APART.) 



NACA ARR No. 4E30 

Keller I s Etch 

(a) 

As r eceived. 

24450 
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':. ,<:,:'W~~"",,,:;,,''1"" I ..,- , 

. . . 

Keller I s Etch 

(b) 

Fatigued. 

Figure 24. 
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Blee Type Spotwelds (0.040" - 0.040" Sheet). 

Fig. 24 



NACA ARR No. 4E30 

Keller's Etch 

(a) 

As received. 

Keller's Etch 

(b) 

Fatigued. 

Figure 25. 
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BlBC Type Spotwelds (0.032" - 0.032" Sheet). 

Fig. 25 
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