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EFFECTOF FATIGUECRACKON STATICSTRENGTH:

2014-T6,2024-ILk,6061-T6,7075-T6

OPEN-EOIEMONOBLOCSPECDIENS*

By Glenn E. Nordmark and Ian D. Eaton

SYNOPSIS

Static tensile test results are presented for specimens of 2014-T6,
2024-?3, 606wT6, and 707xL6 aluminum alloy containing fatigue cracks.
The results are found to be in god. agreement with the results reported
for similar tests from other sources.

The results indicate that the presence of a fatigue crack reduced
the static strength, in all cases, by an smount larger then the corre-
sponding reduction in net area; the 6061-T6 alloy specimens were least

e susceptible to the crack and the 7075-T6 alloy specimens most susceptible.
It is indicated that a 7075-% specimen mqy develop as little 6.sone-third
of the expected static tensile strength when the fatigue crack has con-

● sumed only one-fourth of the original area.

It was found that the static strength was substantially higher for
specimens which had stop holes drilled at the end of the fatigue crack.

1. introduction

In fatigue testing, failure is generally considered to have occurred
when a visible crack initiates in the marber being tested. h the design
of a structure, however, it is important to lmow not only the number of
loadings at which a crack will probably occur when a member is sub$ected
to a certain stress cycle but also the likelihood of a resulting failure
of the entire structure. Some aspects of these problas are being studied
at Alcoa Research Laboratories in concurrent investigations of the rate
of propagation and methds of stopping fatigue cracks. lilSd.ditionjit
W necessary to determine the effect of sa,existing fatigue crack on the
static snd impact strength of the member; i.e., will the decrease in
strength be merely proportional to the reduction in the net section, or

.
%nedited by the NACA (the Comn3.tteetakes no responsibility for

the correctness of the author’s statements).
.
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is the material
decrease in the

II. Object

The object

notch sensitive
static strength
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so that a disproportionately large
will result from the fatigue crack?

of this investigation was to
existing fatigue crack on the static tensile
almninum alloys: 2014-T6, zn24-T4,6061-T6,

111. Material

determine the
properties of
and 707’3-T6.

—

From the tensile properties listed in table I, it can

.

●

�✎

effect of an “
the follo@r&

be seen that
the tensile properties-of-the l-inch by 7.5-inch aluminwn-alloy rolled
rectangular bars used in this investigationmeet the applicable guaranteed
minimum requirements as given in table 4d of reference 1.*

IV. Test Specimens
.- —.

The..detailsof the open-hole monobloc specimens used in this inves-
tigation are illustrated in figure 1.

—
The tests of each alloy included

one specimen which hsd not been load~”prei-iotily; a~l other specimens
had fatigue cracks emanating from one or both sides of the central open
hole as a result of having been previous~””subjected.tocyclic tensile

-

losdings in .TemplinStructural Fatigue Testing Machines described in
reference 2, The fatigue tests were performed at a zero stress ratio,~ “- .
the maximum net-section stress in each cycle being about 20 ksi for all
the 2014-T6 sm.d2024-T4 specimens, 14 ksi for all the 6061-% spectiens,
end 13, 20, and 23 ksi, respectively, for the three 7075-% specimens.
Thus, cracks were produced in the individual 2014-T6, 2024-’I%,and —

6061-T6specimens using approximately the same losiiirgsfor all the _
specimens of each alloy, whereas the stress-level differed for each
7075-1% specimen tested. One specimen of each alloy had a l/4-inch dism-
eter hole drilled through the plate at the ~d of the fatigue crack in
order that the effect of stop-holes could he detemnined. The length of
the fatigue cracks, recorded in table III, was determined by careful
visual examination before the stop hole, if any, was drilled.

V. Procedure
— . .—

The “8pecimenswere loaded in static .te&ion in m–hsl~” Universal
Testing Machine+ of the hydraulic type haviug multiple load ranges and

* References are listed at the end of-the text. “’
H Stress ratio is the ratio of the minimum to the rnsximm stress_

in the cycle. ...- -.

we 150S!ZBDA,Serial No. 5254.

———.

Periodic calibration of this
machine indicates that the error in losd reedings is less them 1 percent

●

throughout the upper 90 percent of the losd range used.
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a maximum capacity of 300 kips.
figure 2. At regular intervals
gage length was determined from

3

The loading arrangement is shown in
of loading, the deformation in an 8-inch
dial gage measurements on each edge of

the spectien. The test was continued to complete separation of the plate.

VI. Results

Load-deformation curves for the individual specimens of 2014-%,
2024-11+,&161-T6, and 7075-!!%aluminm alloys are presented in figures 3
through 6. From a comparison of the data for untracked specimens with
those for specimens containing fatigue cracks, i% is evident that the
cracks cause a lsrge reduction in ductility, as measured by the total.
deformation, as well as a reduction in static ultimate load. For each
alloy there was a general tendency for the ductili~ to be less for the
specimens with the longer cracks. However, as might he expected, the
specimens with stop holes exhibited greater deformation than the compa-
rable specimen without the holes.

The static tensile strengths of the open-hole monobloc specimens
which had not been subjected to fatigue loading are Msted h tale II.
The loss of 11 percent in strength of the 2024-9% specimen, due to the
open hole, is in agreement with test results described in reference 3
where a single open hole in 2024-n sheet specimens caused a reduction

. of about W percent in the net-area tensile strength when the diameter
of the hole was shout 10 percent of the width of the specimen.

.
The tensile strengths of the untracked specimens are cmnpared with

those of the cracked specimens in table III by use of the relative
strength.* One or more specimens in each alloy were tested with a single
fatigue crack of about l-inch length; the relative strengths of the
specimens without a circular stop hole are found to be:

6061-T6 79 percent
2024-T4 66 percent
2014-T6 57 percent
7075-T6 48 percent

Undoubtedly, the load is applied scmewhat eccentrically to those specimens
having a single crack. However, it may be seen that the two 6061-T6 spec-
imens, 2162 and 2164, having a total crack length of about 1 inch had
comparable static tensile strengths although the one had two cracks and
the other one. Thus, it appears that the number of cracks did not affect
the results substantially.

%elative strength is the ratio of the strength of a cracked speci-
. men divided by the strength of the untracked specimen.

.
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The relationship between the relative static strength and net w“ea
.-

of the specimens ie plotted in figure 7. The dashed line represents the
case in which the percentage loss in strength is equal to the percentage
loss in area. It is evident that the loss in strength was greater, in

●

every case, th~ the loss in area. Although the stop hole reduced the
net area, the resultant reduction of the stress concentration was obvi-
ously sufficient to more than compensate for the additional loss in srea;
the static strength of the specimen with stop holes, indicated by shaded
symbols in figure 7, was, for each alloy, substantially above the trend
of results of the specimens without stop holes. —

For the specimens not having stop holes, the effect of the length
of the fatigue crack on the losd-carrying capacity of the specimen is
shown in figure 8. These data indicate that, with a total crack length

of’about
$

inches, specimens of all four alloys have approxtiately the

ssme load-carrying capaci~. As no data were obtained for specimeqs having

a total crack length greater than
~

inches, it is not known whether the

ultimate load would vary with the alloy for specirm%-having longer cracks.
.

The effect of-the length of crack can also be’investigated by can- “-
paring the static-strength reduction factors listed in table 111 end
plotted in figure 9 for the specimens without stop holes. It can be seen ~ ..
that the factors increase with the length of the crack. Itmther, the
lowest curve is for alloy 6061-T6 and the curves-are p-regressivelyhigher
for alloys 2024-T4, 2014-T6, and 7075-T6; i.e., in the ssme order found
for the specimens with a single l-inch-long”.crackand; it might be pointed

w.

out, in the inverse order of the ultimate strengths of the materials.
,,

Data obtatned from similar tests in which fatigue””crackswere initi-
ated from circular notches at the edges of narrow.specimens taken from
sheet snd extrusions are given in reference 4. The investigation was
more extensive than the one”described”herein in that more specimens were
tested and the lengths of the fatigue cracks ranged between 1 and 60 per-
cent of the original net width of the specimen. The c~es presented
therein are smply defined by test data. A few additional results of
static tests of sheet specimens with simulated fatigue cracks in the
center of the specimen were presented in reference 5. ‘The results of
the investigation described herein are ccmpared with ap~ropriate results
from the cited references in figures 10 t@rough 12. we results frcun
the three sources appear to be in general agremetit. It is to be expected _
that the relative static strengths of cracked specimen~+.would@e rio_greater
than the values indicated by the dashed-lines, repres-entjingthe case where
the relative strength is equal to the ratio of the net-area, after cracking,
to the original area; it can be seen that a6061-@+ spepmen with a s@u-
lated fatigue crack was the only specimen which had a strength-greater
than the msximum expected fram the net u“ea.”””

&

—
.
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The results of static tests of two double-shear, bolted joints
having fatigue cracks originating frcanthe bolt holes sre included in
reference 6. It csn be seen in figures 10 smd 11 that the resultq of
these joints sre in good agre~ent with the data obtained from the open-
hole and notched specimens.

VII. Conclusions

From the foregoing data md discussion of results of static tensile
tests of specimens containing fatigue cracks, the following conclusions
appesr warranted:

1. Specimens with a single open hole of 2014-T6, 6061-T6, and
7075-T6 developed the ultimate strength of the materials across the net
section of the spectien; whereas the 2024-T4 specimen had an n-percent
loss in net-section ultimate strength. A similar drop in stren@h has
been reported in reference 3.

2. Specimens with a fatigue crack, or cracks, lose much of the
ductility evidenced in tests of untracked specimens.

3. The presence of fatigue cracks in spectiens of 2014-!?26,“2024-T%,
6061-T6, end 7075-% aluminum alloys reduces the static strmgth by an
smount larger thsn the corresponding reduction in net area.

4. The use of stop holes at the end of the fatigue cracks resulted
in increased load-carrying capacity and ductility, but, except for the
specimen of alloy 6061-T6, the strength was still less than that expected
frcm a consideration of the reduction in net area and the tensile strength

—.

of the material.

5. For the four alloys tested, the deleterious effect of the notch
varied scm.ewhatas the tensile strengbh of the alloy. For a single
l-inch crack, the strengkhs, expressed as a percentage of that of an
untracked specimen of the same alloy (relative strengths), were:

6061-T6 79
EQ24-T4 66
2olW16
7075-T6 ;:

These factors were determined by comparison with the strengths of open-
hole monobloc specimens. If the ccxnparisonis made on the basis of
ultimate strength of the material, in order to eliminate any notch effect
of the hole in the untracked specimen, the value for the 2024-T’4specimen
is reduced to 58, and that of the 2014-T6 specimen to 55; whereas the
factors for the specimms of the other two alloys ranain the ssme.
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6. These data indicate

3 inches, specimens of all
k
carrying capacity.
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.
that, with a total crack length of about

four alloys have approximately the”seineloed- .-

... ..-
.-

7. The results of the tests made at the Alcoa Research Laboratories
are in general agreaent with those reported by Lsngley Field @ Lockheed
Aircraft Company In references 4 and 5. Further, it was found that the
data were in gocd agreement with the results reported in reference 6 for
two tests of bolted joints.

.

.

-.

.

-. . ,

.
.-
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TABLEI
..—

TENSILE PROPERTIES OF 1- BY 7* - INCH ROLLED RECTANGULAR B~

.. —

Alloy Tensile Yield Elongation
specimen M.T. number strength, strength,-+++ in 2-ire..,,

temper no. ksi ksi percent

2014-T6 L46189 120753-D 69.8 63.4 11.0
146369

Avg. % %%
11.0
m

MINIMIM GUARANTEEDt 63

I
23 8

2024-T4 146370 L20753-D 64.8 42.o 20.0

MINIMIM GUARANTEED 62 40 M

6061-T6 146199 08055LA 43.8 41.2 16.5
146368 1207’53-E 43.8 41.8 15.0
146379 022156-A

Avg. % % g+

MINIMUM GUARMTTED 42 35 10

7075-T6 146371I 120753-F 87.0 78.7 10.5

MINIMUM GUARANTEED 77 66 ‘- 7

*1/2-inch-diemeter specimen cut from longitudinal.direction. See
figure 8 of “TentativeMethcds of.Tension Testing of Metallic Materials,”
ASTM Designation E8+4T. 1955 Book of ASTM Standards. .
~500~tress at 0.2-percent offset. Templin Autograp~c Extensometer – —

tAlcoa Structural Handbook (1955). Aluminum Compsmy of America,
Pittsburgh 19, Pa.

,.

.

—
.
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TABLE II

SUMMARY OF STATIC TENSILE TEST RESUT.J?SFOR OPEN-HOLE

MONOBIOC SPECIMENS WITHOUT PRIOR FATIGUE LOADING

J.O. 12-1356

Alloy
and Specimen Tensile strength,* Relative strength,*

temper no. ksi percent

2014-T6 2196 66.8 97

2024-!14 2192 57.4 89

6061-T6 2M5 -- 44.1 100

7075-s 2176 87.4 100

*Tensile load + net area.
%lknsile strength of specimen + average t~sile strength of

material, from table 1, xICQ.

.

.
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,gure2.- Statictest fixtures designed by Mr. R. L. &mplin. T@ese .
fixtures are equipped with spherically seated tension bolts. (Speci-
men shown was used in mother investigation.)

.
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