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NOTICES

¥hen Government drawings, apécifications, or other
data are used for any purpose other than in connection with a
definitely related Government procuremeﬂt operation, the
United States Government thereby incurs no responsibility nor
any obliéations whatsoever; and the fact that the Government
may have formulated, furnished, or in any way supplied the
said drawings, spegifications, or other data, is not to be
regarded by 1ﬁplicatton or otherwise as in any manner licensing

the holder or any othc¢r person or corpbration, or conveying any

rights or permission to manufacture, use, or sell any patented

«-1nvention that may in ény way be related thereto.

This document may not beﬂreproduced or published in
any form in whole or part without prior approval of the
Government. Since this 1s a technical ménagement report, the
information heréin ;s tentative and subject to changes, correc;

tions, and modifications.
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-and 7178~T6510 extruded bars!l The fatigue properties generally
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ABSTRACT

mgxial-stress fatigue curves are reported for notched

-QKE~I~3J specimens from the 7075-P6510,. 7075-T73510, X%380-$TEQ°

varied with direction 1n the same order as the tensile properties.
All of the ggtigue crack propagation data are reported and
—

analyzed I%r both the extruded shapes and the platef’érack
propagatibﬁ‘was faster for transverse than for longitudinal
specimens. Machining to remove the extruded or rolled surfaces,
taking specimens from the center of thickness of the thicker
extrusions, and varying the thickness of the products, did not
consistently affect the crack propagation rates, PFor extrusions
and plate, the four glloys are rated in the following order of
decreasing resistance to fatigue crack propagation:

T1075-T73-type

X7080-T7-type

7075-T6-type

7178-T6-type
The tests to evaluate stress-corrosion resistance by a fracture-
mechanics approach are nearly completed. Test results from boit~
loaded and ring-loaded specimens from the short-transverse direc-
tion of the extruded bars generally rated the four samples in the
same order as the conventional stress-corrosion tests of smooth
tensile specimens, The 7075-T6510 and 7178-T6510 extruded bars
were dafinitely susceptible to stress-corrosion cracking when
stressed in the short-transverse direction., The short-transverse
direction of the X7080-T7E42 extruded bar showed slight suscepti-
bility to stress-corrosion cracking.  The 7075-T73510 extruded bar
was apparently immune,

Tnis i1s the last quarterly report to be issued on this

contract. The final report will be completed by July 27, 1969,

.
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QUARTERLY REPORT

FRACTURE TOUGHNESS, FATIGUE AND CORROSION CHARACTERISTICS OF
7075-T6510, 7075-T73510, X7080-T7510 AND 7178-T6510 EXTRUSIONS
AND X708C-T751 AND 7178-T651 PLATE

I, Introduction.

Fracture toughsiss, fatigue and corrosion character-
istics are among the most important properties in determining
the suitability of materials for many aerospace applieations.
The purpose of this contract is to provide data for extrusions
and plate of several alloys and tempers which appear potenti-
ally suitable for such applications. The data obtained are not
design or expected minimum values of the properties involved,
but rather the results of tests of represéntative lots of
material. As such, the data should be interpreted as represen-
tative values rather than statiétically reliable average or
minimum values <«f the properties involved.

The effort during the first twenty-one months on this

program was described in seven previous quarterly reports.(l—7)

(4) summar?’zed the effort of the

The fourth quarterly report
program's first year. This report¢ describes the progress during
the eighth quarter of the contract, from December 27, 1968 to

March 27, 1969, This is the last quarterly report which will be

issued. The final report will be submitted by July 27, 19€9.

II. .Material;

All materials were received before this quarter begaa;

the specific items sre listed below.

A

(1-7) Numbers in parenthesec perfain to references.
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Product Alloys and Tempers Recelved
1/2-in. ané 1-3/8-in. thick plate 7178-T651; X7080-W51
11/16x16-1n. integrally stiffened 7075~76510; 7075-T73510;

extruded panel 7178~T6510; X7080-W510
3-1/2x7~1/2-1in, extruded bar T7075-T6510; 7075-T773510;

7178-T6510; X7080-W511

¥ollowing studies to determine proper aging treatments
for the X7080 plate and extruded shapes, these products were
aged from the W5l-type to the TT7-tyre tempers. The samples
being used were aged during the second and fourth gquarters of

the contract.(z’a)

' The tensile properties of the contract materials were

(2,4)

determined previously, and are presented for reference in

Table I.

-

ill., Teat Progrems.

The test specimens and procedures being used aré sub.-
stantlally as described in the previous quecrterly reports,(l"7)
except ac nﬁted_below.

During the eighth quarter of the contract, stress-
corrosion specimens from the plate samples completed one year of
exposure to the Inland industrial atmosphere at New Kensington,
Pennsylvanla. During the next quarter, other stress-corrosion
specimens which are being sxposed to the atmosphere at New
Kensington and at Point'Judith, Rhode Island (except some long-
transverse specimens from the 11/16x16-in. extruded panels), will

complete one _ . exgpozurs, The stress-corrosion data which
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have been obtained thus far from tests in bhﬁraﬁmogphere appear to

correlate well with the accelerated stress-gorrosieﬂ test results.
Combinations of alloy-~temper anq'stresa Jevel-ihiab produced spee~

imen fajlures in acceleratéd te8ts also produced specimen fail&#é?is

in the atmosphere. However, longer periods of exposure in the
atmosprhere are advisable, to develop more reliable correlations

with the acrelerated stress-corrosion tust results, Continusticom

of the atmdspheric tests requirec oniy rouvtine, periodic inspection

for Tallures. Therefore, the stress-corrosion specimens which have
survived one year of exposure to the atmosphere at New Kéusington
or at Point Judith, will be left in test for at least four years,
and possibly longer, to obtain information on long-time atmos-

pheric exposure.

IV, Progress During This Quarter.

411 test speclmens have been machined from the
contract materials., All phases of the contrart test programs are

now elther underway or complete.

L. TFracture Toughness

The testing ¢t notch-bend fraecture taughneas specimens
was completed during the fifth quarter. A detailed analysis of
the dats was 1nc1udéd in whe 3eventh Quarierly Techniéal Manage-
(1) he four alisy‘temper'combinatiaés’wére placed
in the following order of decreasing f?acture toughnéss, for

each product:

i IR
1
3
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X7080-T ~type

7075-T73~type '
7075-T6~type

7178-T6-type

B. Axizl-Stress Fatlgue

The axlal-stress fatigue tests of spceimens from the

i/2 and 2-3/8-in. plsve samples, and the 11/16x16~1in. extruded

integrally stiffened panels, were completed during previous
quariere., The S-N curves and modified Goodman diagrams were
reported in the Fcurth and Fifth Quarterly Technical Manage.--
ment Repcrts.(u’S) »

The axlel-stress fatigue tests of smooth speciméns
from thé 3-1/2x7~-1/2-in. extruded bars were completed las%
guarter. The fesults were reported in the Sixth and Sevenﬁﬁ
Quarterly Technical Management Reports.(6’7)

' The axial-stress fatigue tests of the-notcheé spec-
imens fpém ﬁﬁe extruded bars are in progress. The tests of {
the K, =.3 not ched spécimens are nearly completed. The S-N
curves and modified Goodman diagrams are shown in Figs. 1
through 24, Specimens from fhe longitudinal, long-transverse
and short—transvgrse directions, from the center two-thirds of

the cross-section of each bar, were tested at three stress

_r&tios, R = 40.5, 0.0, and ~1.0 (R = minimum stress/maximun

stress), Sepaféte modified Goodman diagrams have been prepared

'for‘each direction in each sample,

The fatigue lives cf specimens from the three 4irec-

tions of each bar were generslly ordered in the same way as the
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tensile properties. The longltudinagl specimens generzally had
longer 1ives thau the lung-transverse specimens, which guerally
had longer lives than the short-transvers: specimens, At higher
strear levels, the longltudinal and long-transverse fatigue 5
properties ~f each sample were quite simllar, while che shovt-
tranaverse fatigue properties were quite dissimilar For ell af
tne materials except the X7080--T7E4Z sample, Based on the

fatigue strengths of Kt = '3 gpecimens from the extruded bars at

'107 cycles, the alloys and tempers can be rated in t'2 following

order of decrvasing fatigue strength:

7C75-T6510
X70B0-TTEL2 -
7278-T6510
7075-T73510

The order doe: not hold true for all directions in each product,
nor at ail individual stress levels or Stress fafios; rather, it
is an approximate general ranking |

The axlal-stress fatigue tests of the L 12 notched
specimrns from the extruded bar samples are in progress. The

following numbers of tests have been corpleted:

707576519 28 of 90
 7075-T73510 23 of 90
XT0B0-T7E42 43 of 90

717816510 18 er g0

c. Fatlgue Crack Prépggatigg

The numbers of cycles required to initiete <he fatigue

cracks in each cimck propagstion spesimen are listed !n Table 11,
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The length of the crack when first observed in each specimen was

o o e e IR

generally short, but the lengths varled substantially from spec-

imen to specimen. To obtain a common reference for crack growth ;

analysis,‘eachiset of data was extrapolated linearly to a zero

- crack length (notch = 16.7 per cent of gross width) using the

tesiaad e

first three data points. Fatigue cycles for crack propagation

were referred to this calculated initial number of cycles.

Fatigue crack propagation curves showing per cent of area cracked

)
. N .

on a logarithmic scale versus number of cycles, are plottéd in
\n Figs. 25 through 36.

Some of the alloys show considerable scatter for
réplicate specimens, whereas there 1s relatively little scatter
in the results for others. The data for specimens L2 and T2 in
Fig. 25 (7075-76510, 11/16x16~in, extruded panel) demonstrate the

fast that cracking at only one side of the original machined notch

can significantly affect its behavior. The total propazation was
; much slower when there was propagation on only one side of the
notch, In the later stages of cracking, however, the eccentricity
generally caused faster propagation. Further, final fracture
occurred at a shorter total crack length,

Investigations such as that of Ref. 8 have shown that
water vapor in the atmosphere can affect the rate of crack propaga-
tion, The range of relative humidity which was measured during
the crack propagation tests of cach specimen is included on Figs.
25 through 36, For specimeﬁs where there was a significant
variation between the humidities for replicate test specimens

having comparable eccentricities, such as specimens Tl and T2 of

) : i
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Fig. 26 (1-3/8-in. X7080-TTE41 plate), it wés observed‘that\the
cracks did propagate somewhét féster;at;the higzher humidities. -“
| In Fig. 37, the data for one of the 7075-77351 spec- .

- imens from Fig. 32 1s replotted using a larger scale for the

o cycles. As is illustrated, substantial portions of theidéta can

be represented by straight lines. Accordingly, to determine the

rates of crack propagation, a compﬁter program was writtén to
determine the slope of the best straight line which could be fit
to the logarithms of the crack length versus the number of cycles
by the least sguares method. Tc¢ obtain the rate of cfack propaga-
tion at a certain total crack length (crack length plus machined
notch), a straight line was fit to thé data for those points

which were within 0.39 in. (10 per cent of the gross width) of
that total crack length. For example, for a totaljcrack length

of 0.90 in. (30 per cent of the gross width), a straight line was

fit to the data for total crack lengths from 0,60 in. to 1.20 in.

| (20 to 40 per ceat of gross width). 7

| Log-log plots of the rate of propagation versué'éK, tha

range of stress intensity factor, are shown in Figs. 38 through 51

!; for the varicus alloys and products. The crack propégatiqn rates

are given in terms of da/dN, where a 1is one-halr the total créck
length, and N 1s the number of cycles. The rates shown in the
figures were determined by averaging the rates obtained for the
multiple specimens of each sample, direction eand surface conditlion.

The data were not included in the average 1if cracks were not - B

visible at all four "corners" of :the notch by the time the total

i s B T PSR R RN AR BB oV . R "i”ﬁ‘;m ¥ W
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crack lengih equalled 1.0 in. (33-1/3 per cent of the gross area
cracked).

In Figs. 38 through 51, curves have been drawn to fit

- the crack propagation data. Fer plots such as Eig. 36, a straight

?A r'i : line relationship (proposed by Paris-and Epdogan(g) and othérs) ;
] P i provides a good fit. Andersén(lo) suggested that there might be ]
o l; - a talling off of the crack propagation curves at both the very low
i . ‘and very high rates. The data for 7178-T6510 extrusions, Figs. 49
|

- and 50, indicate such a relationship. ‘

; For X7080-TTE41 plate, Figs. 38 aﬁd 39, neither spec-
imen direction, nor light machining o remove the rolled surface

§t } of longitudinal specimens, affected the crack propagation behavior
of the 1/2-in. thick plate. Similar rates were obtalned for

i specimens from the 1/2-in. thiek plate, and from the center of the

I 1-3/8-in. thick plate. |

f : ' The 7178-T651 plate (Figs. 40 and 41), especlally the

l/2-in. thick sample, was plagued with eccentric cracking. In

several cases only ;ne specimen of three had cracks visible at

all four corners of the notch by the time the total crack length

reachad 1.0 in. For this alloy, machining to remove the rolled

surface appears to decrease the resistance to crack propagation.

In v.iew of the crack eccentricities, there are not enough consis-

tent differences to indicate a directional effect for elther plate

' -+ thickness,

| P 7 In Fig. 42, the crack propagation curves for the longl-

. tudinal specimens from 1-3/8-in. plate are compared with curves

{ previously reported(ll) for 7075-T7351 and 7075-T651 speccimens
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from a similzp product. The crack propégation rates for 7075— :
T7351 and'x7080~T7EH1 plate are consistently lower than %ﬁose\fof ;
70754?651 and 7178—T651 plate. At medium stress-intensity rang?s,,‘
the 7075-T651 plate has some advantage over the T178-T651 plate.

For the 11/16-in. thick 7075-T6510 extrusions, Fig. 13,
crack propagation rates were higher for transverse sbecimens than
for longitudinal specimens., However, machining to. remove the
extruded surface of the longltudinal specimens reduced théir
resistancé to erack prépagation to about the same level as that
of the transverse specimens. Except at the lowest stress
intensities, Fig. U4 does not indicate any effect of specimen
location in the 3-1/2-in. thick bar. Also, the curves shown for
the 11/16-in. thick extrusion and 1-3/8 in. plate fall within
the results shown for the 3-1/2-in., thick extrusion.

It can be seen from Fig. 45 that machining to remove
the extruded surface did not affect the propagation rate for the
11/16-in. thick 7075-773510 extrusion, but that crack propagation
rates were somewhat higher for trensverse specimens than for
longitudinal specimens. In Fig. 46, there is close agreement
among the crack propagation rates determined for the longitudinal
directions in the various 7075-T73510 products.

Excep: at the shorter crack lengths, crack prcpagation
was generally faster for transverse X7080-T7E42 specimens than
for longitudinél specimens (Fig. 47). Machirning to remove the
extruded surface of longitudinal speclieus did not consistently
affect the propagation rate. In Fig. 48, the propagation rate

for the X7080-T7E42 specimen from tiane center of thickness orf ‘the

et e e e e i . . e RS 9 3 . “3%‘%&%%“‘
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extruded bar was somewhat slower than the propagation rates for

the surface specimens. Also, the propagation rates for both

“the 1-3/8 3i», X7080-T7EA1 plate and the 11/16-in. X7080-TTEL2

N extruded panel were slower than those of the rates determined

TP " AR 4." s n'&“ L
gy PO TS R RIS N

o

with specimens from the surface or the center of thickness of

; B the 2.1/2 in. X7080-T7E42 extruded bar.

The 7178-T6510 extrusions tended to crack eécentrically %
(as did the 7178-T651 plate), so the data for several specimens ‘
were excluded from the average. Neither the specimen direction
nor the surface condition consistently affected the propagation
rates for the 11/16-in. extrusions (Fig. 49). Fig. 50 shows
that the two thicknesses of 7178-T6510 extrusions had comparable

crack propagatiop rates. At the lower stress Intensity factors

their propagatlion rates were somewhat slower than the rate fdr
the 7178-T651 plate.

The crack propagation rates for longlitudinal specimens
from the 3-1/2-in. thick extrusions are compaved in Fig, 51.
The ranking of the alléys and tempers with reépect to rate of
fatigu® crack propagation is generally the same as for plate:
T7075-T73510 haé the slowest rate, X7C80-T7EL2 is next, followed
by 7075-T6510 and 7178-T651. The advantage of 7075-T73510 over
X7080-T7E42 in the extruded bar 1s somewhat greater than that
which is shown for the corresponding plate samples, The 7178-

76510 curve has an average slope of about 0.25, The lines for

- the other alloys are less curved, and have slopes of about C.37.
The fatigue crack propagation characteristics of the

materials which have been tested in this contract may be summarized

as follows:
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1. For'both extrusions and plate, crack propagation‘

was faster for transversé specimens than for longitudinal

specimens.

\ 2. Neither machining to remove the extruded or rolled
surfaces, nor taking specimens from the center of thickness of‘
the thlcker extrusions, consistently affected the crack prbpaga-
tion rates. |

3. In most cases, similar ecrack prbﬁagation rates were
obtained for the extrusions and the plate as well as for the two |
thicknesses of these producﬁs.

., Except for the shorter cracks (low range of stressc
intensities) the plate and extrusion alloys would rate in the
followlng order of decreasing resistance to fatigue crack
propagation:

7075-T73-type
X7080-T7~type

T075-T6-type
T178-T6-type

5. The relation between AK, the range of stress intensity
and da/dN, the rate of crack propagation, was close to linear on
log-log plots for all except the 7178-T6-type samples. The slopes
for the data were about 0.37, instead of 0.25 as suggested by

4
Paris 1n his relationship %% = ~%§l .

D. Corrosion Characteristics

1. Exfollation and Stress Corrosion (Conventiona1 Tests)

a. Status of Tests

A1l of the accelerated corrosion tests have been




completed. All atmospheric tests are in progress, but the '

results are still too preliminary to be conclusive,
The results of the accelerated exfoliation tests of
the plate and extruded shapes were reported in the Fourth and
Seventh Quarterly Technical Management Reports, respectively(q’7).
The results of the accelerated stress-corrosion tests
of the plate and extruded shapes were reported in the Fifth and

Sixth Quarterly Technical Management Reports(s’G); those for

extrus:ons were contained, for the most part in the Seventh
Quarterly Technical Management Report,(7) and are completed in

this report.

b. Test Results

The data for the accelerated and the atmospheric cests
which were in progress durlng . the seventh quarter were reported
‘in the Seventh Quarterly Technical Management Report.(7) Some
additional long-transverse specimens from between the ribs of
the 11/16316—in. extruded panels completed 8Y% days of exposure
to alternate immersion in a 3-1/2 per cent NaCl solution during
the eighth quarter, and the results are shown in Table I1I, The
status of the other tests did not change during the eightn
quarter, and the other status tables do not need to be reproduced
for thils report.

The per cent reduction in tensile strength by corrosion
in alternate immersion was determined for longltudinal and long-
.transverse specimens from the extruded shapes during this quarter,

These data are reported in Table IV,

i
1
i

i
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¢. Discussion of Stress-~Corrosion Pesults

(1) 11/16;16—in and 3-1/2x7-~ 1/2 in. Extruded Shapes

~ (a) Longitudinal Direction (3-1/2x7-1/2 in. Ext

ruded Bars Onlz;

No longltudinal specimen has failed, thereb
the high resistance to s¢tress-—corrosion cracking whi
in this direction of al. alloys and tempers,

The per cent reduction in tensile strength
exposure to alternate immersion (Table 1V) indicates
resistance to general corrosive attack. Alloy X7080
least affected, followed by T075-T73510 and then 707
7178-T6510, which were -imilar. This general order
ment with test results on other items of these alloy
The reductions in strength of the unstressed and the

specimens was generally similar, The most divergent

y confirming

ch 1is expected'

after 182 adays
the relative
~T7F42 was the
5~T651C and

is in agree-
s~-tempers.
stressed 

case was the

7178-T6510, for which the stressed specimens showed double fhé»~

loss in strength of the unstressed specimens. This degree of -

_difference for 7178-T6510, however, is not unusual.

(b) Long-Transverse Direction

For both extruded shapes, fallures of the 1
specimens in the accelerated and atmnspherlc t2sts h

only for the 7075-T6510 and 7178-T6510 samples.{7)

oag-trarsverse

ave occurred

" While these

two items are known to be the most susceptible of the four alloy- -

tempers evaluated, most of these speclimens did not ¢

long-transverse grain structure. The 3-1/2x7-1/2 in.

more or less equi-axed grain structure which ould m

be described as simply transverse (similar to the grat

ontain a true
var had a
ore correctly

n structure

e
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in round snd square shapes). In the 11/16x16-in. penel, the long- ;
transverse speccimens centered under an outstanding rib had a grain
structure on an angle to the specimen axis, rather than parallel
to it, because of metal movement 1nto'the rib during the extrusion
process., 1t 1is significant that even with fthese less faverable

grain structures, 7075-T73510 and X7080-TT7EL2 were still resistant

to cracking. i
The only true long-transverse specimens were the 0,125 in,
diameter specimens centered between the outstanding ribs of the
11/16x16-in, panels (Table III), Failure in this case (verified
as stress-corrosion cracking by microscopic examination) occurred
only for 7178-T6510. Even here a moderately high degree of resis-
tance was indicated, with all three specimens failing in 56 to 67
days, as cocmpared with failures in 10 to 13 days when the same
3ize specimens were positioned directly under a rib,
The four alloy-temper combinations tested 1n this project
are listed below in relative order of decreasing resistancze tg'
stress-corrosion cracking of the long-transverse specimens. This

order agrees with Alcoa experiencé with cther extruded samples.

11/16x16~in. Extruded Ribbed Panels

7075-T73510 and X7080-T7E42 (very high resistance)
7C75-T6510 (high resistance)
. 717876510 (mediun resistance)

. Zflf2x7~1[2»1n. Extruded Bar (Egui-aked_gyain Structure)

7075-T15510 and XTOBOTT?Eh?A(very high reasistance)
7075-T6510 and 7173-T6510 (low resistance) v

The per ceni reductions in tensile s;rength»or the various

% P
e i e 2 et i e . i oo e s AR S i e S S R R LA e <M e S S
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long-transverse speclmens exposed to alternate immersion are given
in Table IV, The results for unstressed specimens shoe the'samg _
trend as was cited above for longitudinal specimens; X7080sT7E#2
is the most resistant to gencral corrbcion, followed by TU75~
T(3510, then 7075-T6510, with 7178-T6510 the least resistant. *rhe-
reductions in fensile strength of stresséd specimens were not
excessively hich as compared with the corresponding unstressed
specimens, except for the specimens from the 3-1/2x7-~1/2-in.
X7080-T7EL2 bar (Sample No. 340731), where the reductions for
stressed specimens were four times the reductions for unstressed
specimens. Representative unstressed and stressed specimens cf
this sample have been submitted for microscopié examination, to
determine whether the relatively large reduction in tensile
strength of the stressed specimens was merely the result of deeper
corrosive attack, or was caused by inciplent stress-corroéion
cracks.

(e) Short-Tr ~nsverse Direction (3-1/2x7-1/2-in. Extruded
Bars Only)

The results of the tests of the short-transverse spec-
imens were discussed in the Seventlh Quarterly Technlceal Management

(7

Report and showed 7075-T73510 to be the most resistant
material (no failures at 75 or 50 per :ent of the yleld strength),
followed by X7080-T7EL2 (failure at 75 per cent of the yileld
strength, no fallure 2ot 50 per cent of the yield strength and
below), and then T075 and 7178-176510 (complete fallure at 57 and
25 per cent of the yleld strengtih, with 1 of 3 specimens falling

at 15 per cent of the yleld strength).
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Some of the stressed specimens which survived 84 days
of exposure to alternate immersion in a 3-1/2 per cent NaCl solu-
tion showed high losses in tensile strength. These specimens were
examined microscopically. Examination of the 7075-T73510 specimens
which had been stressed to 75 per cent of the yield streng " showed
no evidence of incipient stress-corrosion eracking and verified
that these specimense wererresistaﬁt to stress-corrosion cracking.
On the other hand, 1ntérgranu1ar cracks were found in both the
7075-T6510 and 7178-T6510 épécimens which had been stressed to
15 per cent of the yleld stress, confirming the susceptibility to
stress-corrosion cracking that had already been showin by a single

fallure for each of these two samples.

2. Stress Corrosion With A Fracture Mechanics Approach

Tests of tolt-loaded specimens (shown in Fig. 30 of
Ref. 6) from cach of the 3—1/2#7-1/2 in. extruded bars were
completed this quartsr. Specimens from each’sample were loaded
to various stress intensity levels (usuaily 100, 90 and 80 per

cent of the ambient K.

e value) and expesed by =ither total or

alternate immersion in 3-1/2 per cent NaCl solution. At least
one specimen from each sample was precracked in direct tension,
rather than by fatigue, and since the load was not removed after
precracking, che_initial KIi vélué shouid have been reasonebly
clos: po KIc' The initial crack lengths fax»specimens precracked
in fatiguec were based on measuremenis made ¢u the surfaces of the
specimens. Since the crack fronts through the thlckuesres of the

specimens werc not perfectly siralght, the Initial crack lengths,
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loads and,Kli values for the fatigue-crackedvspecimens are
estimated values., Several of these specimens were discontinued
after about 1000 hours of exposure, but the majority of the
w specimens were exposed for 2500 hoyrs. R
The results of these tests are summarized in Table V |
and plots of crack growti versus iime are shown in Flgs, 52
through 55. As shown in the figures, specimens from allnys
7075 and 7178 in the T6510 temper experienced vonsiderable crack
growth; specimens from X7080-T7EL4Z experienced moderate crack
growth and specimens from 7075-T73510 experienced negligible
crack growth. Fof alloys in which cracks grew, the specimens
loaded to 100 per cent KIé experienced more crack growtih than
those with lower applied KI1 values. ,
Iﬁitially, erack growth in the susceptible aljzj:
seems to have been more rapld in alternate immersion tests thran
in total immersion tests. After 2500 hours expusure the residual
stress intensity factors for the sueceptible alloys,‘shown in
Table V, approached the same level regardless oi the type of test
(alternate or total }mmersion) or applied stress intensity (Kli)‘
Except for one specimen, the fesidual stress intensitles for
7075-T6510 range from 13,000 to 13,500 psiv/in., and the residual
stress intensities for 7178-T6510 range from 8600 ta 10,800 psi/In.
For both samples, there s little difference between the residual
stress 1ntensit1es.arter 800 and 2500 hours in the aiternate |
immersion tests, even though the cracks continucd ﬁa grow (see
Fige. 52 and 55) at a slow rate,

-

Specimens from the TO0T7L-T73510 samplic experlenced
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negligiblg crack growth One must thus conclude that this alloy.
is not suéceptible to stress-corrosion crack growth even though
the résidual stfeés intensities are lower than the estimated
initigl values. This apparent decay in stress intensity éould
be dve to creép or stress‘relaxatibn in the screw threads or
other highly stressed regions in the specimen, or the actual
inivial stkess intensities may have been lower than the estimated
values. K

Specimens from the X7080-T7EL2 sample experienced some
crack growth, but some of the apparent decay in stress intensity
may be due to the reasons mentioned above for the T075-T73510
tests. In any event, there is considersble variability in
residual stress intensity values; which may indicate that 2500
hours exposure is not long encugh to allow specimens of this
particular material to approach a stable condition.

The data for the tests of ring-loaded specimens are
summarized in Table VI. (This phase of the testing is still in
progress.) It appears that stress-corrosion cracks propagate
faster in the alternate immersion test than in the total immersion
test. One specimen of 7075-T6510 in alternate immersion failed in
about the same time as two other specimens with higher applied
stress intensities (KIi) in total immersion, and one specimen of
7178-T6510 in alternate immersion failed in about one-third the
time of an identical specimen (same KIi) in total immersion.

The data for ring-loaded specimens of 7075-T(6510 and

7175-T6510 seem t0 be approaching the same stable stress intensity
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level (KIscc

) as the beit-loaded specimens of the same alloys.
The data for the samples of X7080-TTE42 and 7075-T73510 are not- . ?

E . as clear-cut, but it appears that bcth samples are relatively

- resistant to stress corrosion.

A more thorough analysis of these data wiil be presented
in the final report, when metallographlc examinations and the long- .

time tests of ring-loaded specimens will be cciplete. It seems

evident at this point that the stress-co:rosion data which have
been developad with & fracture—mechapics appioach rate these:Samples
in the same order as stress-corrosion data which have beenvdevelopedv
with smooth tensile specimens. The four?samples rank as follows;
in order of decreasing resistance té stress-corrosion crack growth:

© 7075-T73510 |
C : X7080-T7EL41

7075-T6510
7178-T651¢C

V. Program for Next Quarter.

AN

Planned effort during the next quarter will consist of
f completing the tests which are in progress, analyzing the data

which have been generated, and preparing the final report.

1. The axial-stress fatigue tests of notched (Kt = 3)
specimens from the 3-1/2x7-1/2-in, extruded barrsamples wlll be
completed.

? 2. The axial-stress fatigue tests of notched (Kt 5 12)
& : specimens from the extfuded bar samples will be compieted. S-N
curves and modified Goodman diagrams will be prepared.

t
o
% . 3. The stress-corrosion specimens from the 1/2-in. and

1-3/8-1in. thick plate samples will complcte one ycar of 2ixpdsure
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" to the seacoast atmosphere at Point Judith, Bhode Island, on
March 31, 1969.

-4, The stress-corrosion specimens frem the 11/16x16-in,

extruded panels’and the 3-1/2x7-1/2-in, extruded bars will com-

plete one year of exposure to the inland industrial atmosphere at

New Xensington, Pennsylvania, on June 14, 196y, Specimens from

these samples will Eomplete one year of exposure to the seacoast

atmosphere at Point Judith, Rhode Island, on June 2, 1969.

5. The tests to determine stress-corrosion resistance

by a fracture-mechanics approach will be concluded.

Tests of

ring-loaded specimens and metaliographic examinations will be

finished.

6. The final report will be prepéred.

A milestone chart indicating progress on the contract

is shown in Fig. 56,

mas
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CTABLE 11

CYCLES REQUIRED TO INITIATE PATIGUE CRACKS IN CENTER-NOTCHED SPECIMENS
Met Stress = 3300 psi minimum to 9900 psi maximum

R . #33615-67-C-1521
4 . . (Tentative)

ARL  Nominal  Surface
Sample Specimen Condition Direc~ No. of Kumber of Cysles to

Alloy Temper Product Number Thi:kneae, or Locatiun tlon Tests Initiate Craok .
+ n. .
7075 T6510 Extruded Panel 340637 11/16 Extruded ., L 3 82 3oo 2oo 116 700
¥achined L 2 128,70 é
Extruded r 3 98, 100 113, ooo 225,200
"76510 Extruded Bar 340619  3/4 Surface L 2 113,500, 128,200
. T/4 L 1 148,000 ,
7075 T73510 Extruded Panel 340639 11/16 Extruded ., L 3 62,300, 68,700, 78,200
‘ . Machined L 2 56 koo, 106,500
. Extruded rr 3 71,100, 82,200, 86,900
773510 Extruded Bar 3ko620 3/4 Surface L 2 91,100, 139,000
) T/4 L 1 97,100
17080 T7E42 Extruded Pshel 340730 11/16 Extruded, ., 3 71,900, 110,600, 116,000
. Machined L 2 79,000, 85,000
f Extruded LT 3. 55, 600 56,700, 69,hu0
] " . TTE42 Extruded Bar 340732, /4 Surface L 2 97,700, 111,000
; . T/k L L+ 91, uod
i . + ) .
TTE41  1/2-in. Flate 343260 1/2 Rolled ., L 5 80,700, 105,100, 113,300, 164,000
' Machined L 2 gx.ooo, 6,400
_Rolled LT 3 2,200, 90,300, 107,500
T7E41  1-3/6-in. Plate 343259 3/4 T/ L 3 51,600, eo ,300, 86,600
T/2 ) LT 3 72,900, 15, 600 83 700
! 7178  T6510 Extruded Panel 340616 < 11/16 Extruded .y L 3 95,000, 98,600, 137,600
P Machined L 2 145,000, 200,100
: ‘ Px*truded LT 3 115,300, 124, 600 235,100
L 76510 Extruded Bar 340635  3/4 Surface L 2 121,700, 155,700
. 4] L 1 137,800 (c) (d,¢)
‘ T651 1/2-4n. Plate 340457 172 Folled L 3 312,300 ? ,874,100 ’
) 11 95'.900
E . Machinea(®) L 2 398,100, 1,570, loofgg
! : Roiled LT 3 &so, 700. 6,008, 606
f 11,252 oae(b)
| 7651 1-3/8B-1n. Plate 340450 /4 T/2 L 3 107,600, 167.900 208 800
17,000, 209,100, 1, 149, A0

T/2 LT

NOTES : } 0.020 machinel from surface.
: ; Complete fracture.
)

Pailed in grip end!
Hole oversite.
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