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I NOTICES

dta are When Government drawings, specifications, or other

data areused for any purpose other than in co.nnection witha

rdefinitely related Governmeiit procurement operation, the

United States Government thereby Incurs no responsibility nor

[ any obligations whatsoever; and the fact that the Government

may have formulated, furnished, or in any way supplied the

said d,-awings, specifications, or other data, is not to be

F regarded by implicatI.oQr or otherwise as in any manner licensing

the holder or any otlihr person or corporation, or convey .ng any

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

invention that may in any way be related thereto,

This document may not be.reproduced or published In

any form in whole or part without prior approval of the

Government, Since thiU is a technical management report, the

information herein is teentative and subject to changes, correc-

tions, and modifications.U.
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ABSTRACT

Axial-stress fatigue curves are reported for notched

Sspecimens from the 7075-'651O, 7015-T73510, 9 7080..TTErq?I
and 7178-T65'0 extruded bars I; The fatigue properties generally

varied with directihn in the same order as the tensile properties.

All of the fatigue crack propagation data are reported and

analyzed." ýor both the extruded shapes and the plate•.'rack

propagation 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

f consistently affect the crack propagation rates. For extrusions

and plate, the four alloys are rated in the following order of

decreasing resistance to fatigue crack propagation:

7075-T73-type

X7080-T7-type7075-T6-type
7178-T6-type

The tests to evaluate stress-corrosion resistance by a fracture-

mechanics approach are nearly completed. Test results from bolt-

loaded and ring-loaded specimens from the short-tran3verse 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 definitely 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.

This is 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, T075-T73510, Xo080-T7510 AND 7178-T6510 UTRUSIONS

AND X7080-T751 AND 7178-T651 PLATE

I. Introduction.

Fracture toughress, fatigue and corrosion character'-

istics are among the most important properties in determining

the suitability of materials for many aerospace applications.

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 representative lots of

material. As such, the data should be interpreted as represen-

tative values rather than statistically reliable average or

minimum values of the properties involved.

The effort during the first twerity-one months on this

program was described in seven prpvious quarterly reports.(17)

(4)
The fourth quarterly report sumrarized the effort of the

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, 2969.

II. Materlal.

All materials were received before this quarter began;

the specific items are listed below.

(1-7) Numbers in parentheseE pertain to references.



Product Alos and Tempers Received

I 1/2-in. and 1-3/8-in. thick plate 7178-T651; X71080-W51

11/16xl6-in. integrally stiffened 7075- T 6510; 7075-T73510;
extruded panel 7178-T61:0; X7080-W510

3-1/2x7-1/2-in. extruded bar 7075-T6510; 7075-T73510;
7178-T6510; XY080-W511

I ~Following studies to determine proper, aging treatments

for the XT080 plate and extruded shapes, these products were

aged from the W51-type to the T7-type tempers, The samples

being used were aged during the second and fourth quarters of
the contract. (2A4)

I The tensile properties of the contract materials were

determined previously,(2,4) and are presented for reference in

Table I.

III. Test Programs.

The test bpecimeris and procedures being used are sub.-
(1-7)

stantially as described in the previous quLrterly reports,

except aL noted below.

During the eighth quarter of the contract, stress-

corrosion specimens from the plate samples -ompleted one year of

exposure to the inland industrial atmosphere at New Kensington,

Pennsylvania. During the next quarter, other stress-corrosion

specimens which are being exposed to the atmosphere at New

Kensington and at Point Judith,, Rhode Island (except some long-

transverse specimens from the ll/16xl6-in. extruded panele), will
Complete n expo.-r, ' S

omlte one "!......be stress-corrzs.ton data which

!
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have been obtained thus far from tests in t,.,h- atmosphere appear tv

r•orrelate well with the accelerated strzs&-corrosioi test results.

Combinations of alloy-teniper and stresn level which produced Apto- f1
!men failures in accelerated testo also pr'oduced specimen fallures

in the atmosphere. However, longer periods of expocurv in the

atmosphere are advisable, to develop more !eliable correlations

with the acnelerated stress-corrorion test results. Continuatitl•

of the atmospheric tests requirec only routine,, periodic inspection

for failures. Therefore, the stress-corrosion specimens which have

survited one year of exposure to the atmosphere dt New Keusington

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.

All test specimens have been machined from the

contract materials. All phases of the coritrat test programs are

nao either underway or complete.

A. Fracture Toughness

The testing of, notch-bend fracture toughness specimens

was completed durin6 the fifth quar'ter. A detailed &nalysis of

the data wc? included in -.he Seventh Quarterly Technical Manage-

ment Report.(7) The four alloy-temper combinations were placed

in the following order of decreasing f£acture toughness, for

each product:
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VX7M80-T7-type
S[ 7075-T73-type

7075-TG-type
717 8-T6-type

B. Axial-Stress Fati gu

ST~he azial-stress fatigue tests of specimens from the

1/2 and >-3/8-in. plate samples, and the l1/1 6 xl 6 -1n. extrudf-d

integrally stiffened panels, were completed during previous

j quartere. The S-N curves and modified Goodman diagrams were

reported in the Fcurth and Fifth Quarterly Technical Manage-

menit IRepcrts..(14,5)

The a-xial-stress fatigue tests of smooth specimens

-from the 3-1/2x7-1/2-in. extruded bars were completed last

quarter. The results were reported in the Sixth and Seventh

Quaiterly Technical Management Reports. (6,7)

The axial-stress fatigue tests of the notched spec-

imens from the extruded bars are In progress. The tests of

the Kt = 3 notched specimens are nearly completed. The S-N

curves and modified Goodman diagrams are shown in Figs. I

through 24. Specimens from the longitudinal, long-transverse

and short-transverse directions, from the center two-thirds of

the cross-se.ýtion of each bar, were tested at three stress

ratios, R - +0.5, 0.0, and -1.0 (R minimum stress/maximum

astress) Separate modified Goodman diagrams have been prepared

o -Or each direction in each sample.

The fatiguo1. ives cf specimens from the three direc-

"tIons of each bar were generally ordef'ed in the same way as the

F _

- tt.W- -
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tensile properties. The longitudinal specimens generally had

I longer lives than the ling-tranzverso specimens., which gýuerally

had longer lives than the snort-transverst specimens. At higther

stress levels, the longitudinal and long-transverse fatigue

- prn.perties of each sample were quite similar, while -he shovt-

tran3verse fatigue, properties were quite dissimilar Ior all of

the materials axcept the X7080-T"E!42 sample. Bas6d on the

fatigue strengths of Kt 3 specimens from the extruded bars at

107 cycles, the alloys and tempers can be rated in ti.e following

order oi' decreasing fatigue strength:

7075-T6510

X7080-T7E42
7778-T6510
7075-T73510

The order doeE not hold true for all directions in each product,

nor at all individual stress levels or stress ratios; rather, it

is an approximate gcneral ranking

The axial-streas fatigue tests of the Kt s 12 notched

specimens from• the extruded bar samples are in progress. The

following numbers of tests havw been conrpleted:

7075-T6510 28 of 90
7075-773510 23 of 90

X7080-T!"E42 4 or 90
7178-1'6510 38 of 90

C.L aiu rc a ,O

The numbers of cycles recuIred to .iniUtite T. fat.jue

cracks in each c•,*ck propatton speIimen are ]itvd In Table i1.
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F The length of the crack when first observed in each specimen was

[generally short, but the lengths varied substantially from spec-

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

analysis, each set of data was extrapolated linearly to a zero

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

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

on a logarithmic scale versus number of cycles, are plotted in

Figs. 25 through 36.

Some of the alloys show considerable scatter for

replicate specimens, whereas there is relatively little scatter

in the results for others. The data for specimens L2 and T2 in

Fig. 29 (7075--T6520, ll/16xl6-in. extruded panel) demonstrate the

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

can significantly affect its behavior. The total propavation 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 each specimen is included on Figs.

25 through 36. For specimens where the•.1e was a significant

variation between the humidities for repliCite test specimens

I ~having comparable encentricities, such as specimens TI and T2 of
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Fig. 26 (1-3/8-in. X7080-T7E41 plate), it was observed that the

cracks did propagate somewhat faster at the higher humidities.

In Fig. 37, the data for one of the 7075-T7351 spec-

imens from Fig. 32 is replotted using a larger scale for the

cycles. As is illustrated, substantial portions of the-data can

be represented by straight lines. Accordingly, to determine the

rates of crack propagation, a computer program was written 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 squares method. To obtain the rate of crack propaga-

tion at a certain total crack length (crack length plus machined

notch), a straight line was fit to the data for those points
which were within 0.30 in. (10 per cent of the gross width) of

that total crack length. For example, for a total crack 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 cent of gross width).

Log-log plots of the rate of propagation versus AK, the

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

for the various alloys and products. The crack propagation rates

are given in terms of da/dN, where a is one-half the total crack

length, and N is the number of cycles. The rates shown in the

f7igures were determined by averaging the rates obtained for the

multiple specimens of each sample, direction and surface condition.

The data were not included in the average if cracks were not

visible at all four "corners" _)f Che notch by the time the total



crack leng-h 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. For plots such as Fig. 38, a straight

r line relationship (proposed by Paris-and Erdogan(9) and others)

(10)provides a good fit. Anderson suggested that there might be

a tailing off of the crack propagation curves at both the very low

and very high rates. The data for 7178-T6510 extrzisions, Figs. 49

and 50, indicate such a relationship.

For X7080-T7E41 plate, Figs. 38 and 39, neither spec-

imen direction, nor light machining to remove the rolled surface

f of longitudinal specimens, affected the crack propagation behavior

of the 1/2-in. thick plate. Similar rates were obtained for

specimens from the 1/2-in, thick plate, and from the center of the

31-3/8-in. thick plate.

The 7178-T651 plate (Figs. 40 and 41), especially the

1/2-in, thick sample, was plagued with eccentric cracking. In

several cases only one specimen of three had cracks visible at

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

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

surface appears to decrease the resistance to crack propagation.

In '.Lew of the crack eccentricities, there are not enough consis-

tent differences to indicate a directional effect for either plate

thickness.

In Fig. 42, the crack propagation curves for the longi-

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

previously reported(11) for 7075-T7351 and 7075-T651 specimens

12!
[4
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J from a similar product. The crack propagation rates for 7075-

J T7351 and X708O0..T7E41 plate are consistently lower than those for

7075-T651 and 7178-T651 plate. At medium stress-intensity ranges,

the 7075-T651 plate has some advantage over the 7178-T651 plate.

T 1for the 11/16-in, thick 7075-T6510 extrusions, Fig. 43,

crack propagation rates were higher for transverse specimens than

for longitudinal specimens. However, machining to remove the

extruded surface of the longitudinal specimens reduced their

resistance to crack prcpagation to about the same level as that
of the transverse specimens. Except at the lowest stress

intensities, Fig. 44 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-T73510 extrusion, but that crack propagation

rates were somewhat higher for tr&nsverse 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 '1075-T73510 products.

Except at the shorter crack lengths, crack propagation

was generally faster for transverse X7080-T7E42 specimens than

for longitudinal specimens (Fig. 47). Machining to remove the

extruded surface of longitudinal spe iiaei did not consistently

affect the propagation rate. In Fig. 48, the propagation rate

for the X7080-T7E42 specimen from tne center of thickness of the

S... .. . . ...i. . . ...... . . .... ,• • • •.,W! T



extruded bar was somewhat slower than the propagation rates for

the surface specimens. Also, the propagation rates for both

the 1-3/8 3-r. X7080-T7E41 plate and the 11/16-in. X7080-T7E42

; [ extruded panel were slower than those of the rates determined

with specimens from the surface or the center of thickness of

the 3-1/2 in. X7080-T7E42 extruded bar.

The 7178-T6510 extrusions tended to crack eccentrically

(as did the 7178-T651 plate), so the data for several specimens

were excluded from the average. Neither the specimen direction

[ inor 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 propagation rates. At the lower stress intensity factors

their propagation rates were somewhat slower than the rate for

the 7178-T651 plate.

The crack propagation rates for longitudinal specimens

from the 3-1/2-in. thick extrusions are compared in Fig. 51.

The ranking of the alloys and tempers with respect to rate of

fatigue crack propagation is generally the same as for plate:

7075-T[3510 has the slowest rate, X7C80-T7E42 is next, followed

by 7075-T6510 and 7178-T651. The advantage of 7075-T73510 over

X7080-T7E42 in the extruded bar is somewhat greater than that

which is shown for the corresponding plate samples. The 7178-

1. T6510 curve has an average slope of about 0.25. The lines for

the other alloys are less curved, and have slopes of about 0.37.

The fatigue crack propagation characteristics of the

materials which have been tested in this contract may be summarized

aV follow3:

iU



1. For both extrusions and plate, crack propagation

was faster for transverse specimens than for longitudinal

specimens.

I 2. Neither machining to remove the extruded or rolled

surfaces, nor taking specimens from the center of thickness of

the thicker extrusions, consistently affected the crack propaga-

tion rates.

3. In most cases, similar crack propagat'*on rates were

obtained for the extrusions and the plate as well as for the two

thicknesses of these products.

4. Except for the shorter cracks (low range of stress

intensities) the plate and extrusion alloys would rate in the

following order of decreasing resistance to fatigue crack

propagation :

7075-T73-type
X7080-T7-type7075-T6-type

7178-T6-type

a5. 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

Paris in his relationship d CdN C "

D. Corrosion Characteristics

1. Exfoliation and Stress Corrosion (Conventional Tests)

a. Status of Tests

All of the accelerated corrosion tests have been

L
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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

V the plate and extruded shapes were reported in the Fourth and

Seventh Quarterly Technical Management Reports, respectively(4.7)[I
The results of the accelerated stress-corrosion tests

of the plate. and extruded shapes were reported in the Fifth and

(5,6)Sixth Quarterly Technical Management Reports5' those for

Sextrus:1ons were contained, for the most part in the Seventh

v Quarterly Technical Management Report,() and are completed in

this report.

b. Test Results

The data for the accelerated and the atmospheric 6ests

which were in progress during the seventh quarter were reported

in the Seventh Quarterly Technical Management Report.(7) Some

additional long-transverse specimens from between the ribs of

the l1/16xl 6 -in. extruded panels completed 84 days of exposure

to alternate immersion in a 3-1/2 per cent NaC1 solution during

the eighth quarter, and the results are shown in Table III. The

status of the other tests did not change during the eighth

quarter, and the other status tables do not need to be reproduced

for this report.

The per cent reduction in tensile strength by corrosion

in alternate immersion was determined for longitudinal and long-

transverse specimens from the extruded shapes during this quarter.

These data are reported in Table IV.

L!
- ,~..",- ~- . ~ ,v. *-~ ~_~_ -
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c. Discussion of Stress-Corrosion Results

(1) l1/16xl6-in. and 3-l/2x7-1/2 in. Extruded Shapes

(a) Longitudinal Direction (3-1/2x7-1/2 in. Extruded Bars On&)

"No longitudinal specimen has failed, thereby confirming

the high resistance to stress-corrosion cracking which is expected

in this direction of all alloys and tempers.

The per cent reduction in tensile strength after 182 days

exposure to alternate immersion (Table IV) indicates the relative

resistance to general corrosive attack. Alloy X7080-T7F42 was the

least affected, followed by 7075-T73510 and then 7075-T651C and

7178-T6510, which were limilar. This general order is In agree-

ment with test results on other items of these alloys-tempers.

The reductions in strength of the unstressed and the stressed

specimens was generally similar. The most divergent case was the

7178-T6510, for which the stressed specimens showed double the

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, failures of the long-transverse

specimens in the accelerated and atmosphertc tsts have occurred
'7)

only for the 7075-T6510 and 7178-T6510 samples. While these

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

tempers evaluated, most of these specimens diý not contain a true

long-transverse grain structure. The 3-1/2x7-1/2 In. bar had a

more or less equi-axed grain structure which ,;ould more correctly

be described assi, p2y transverse (simllfr, to the grain structure!
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in round Rnd square shapes). In the 1l/16xl6-in. panel, the long-

[ transverse specimens 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 into the rib during the extrusion

process. It is significant that even with these less favorable

grain structures, 7075-T73510 and X7080-T7E42 were still resistant

to cracking.

The only true long-transverse specimens were the 0.125 in.

diameter specimens centered between the outstanding ribs of the

l1/1 6 xl6-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 compared with failures in 10 to 13 days when the same

size specimens were positioned directly under 4 rib.

The four alloy-temper combinations tested In this project

are listed below in relative order of decreasing resistance to

stress-corrosion cracking of the long-transverse specimens. This

order agrees with Alcoa experience with other extruded samples.

ll/16xi6-in. Extruded Ribbed Panels
7075-T73510 and X7080-T7E? (very high resistance)
7075-T6510 (high resistance)
7178-16510 (median resistance)

-i -1,2-.n Extruded Bar_ (Eiu-axed Grain Structure)

7015-Tl3510 and X7080-TVh142 (very high resistance)
7075-T6-510 and 7178-T6510 (low resistancn)

The per cent reductions In tensile strength of the varlous

"it- r-;. [~-.
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long-transbverse speclimens exposed to alternate immersion are given

in Trable IV. 7Jha results ."or unstressed specimens bhuir the same

trend as was cited above f'or longitudinal specimnens; x7080-1 1W42

rTYt35l0,'then 7075-T6510, with 7178-T6510 thie least resistant. 'The

excessively high as compared with the corresponding unst-ressed

stressed specimens were four times the reductions for unstressed

specimens. Representative unstressed and stressed specimens cf'

this sample have been submitted for microscopic examination, to

determine whether the relatively large reduction in tensile

st rength of' the stressed specimens was merely the result of deeper

corrosive attack, or was caused by incipl.ent stxyess-corros ion

cracks.

(c) Short-Tr -nsverse Direction (3-l/2x7-1/2-in. Extriided

The results of' the tests of' the short-transverse spec-

imens were discussed in the Seventh Quarterly Techniccal Management

Reporlt- and showed 7075-T73510 to be the most resistant

material (no failures at 75 or 50 per cent of the ylield strength),

followed by X7080-T7E42 (failure at 75 per cent of 'the yield

strcrngth, no failure "At 50 per cent of the yield strength and

below), and thnn 7075 anid 71178-T6510 (corr~plete failur-e at 5,,' and

25 por eccrit o"t'-te yield 3trenglh, with 1 of 3 specirlens fail ing

at 151 PC, cent of the yield strength)
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Some of the stressed specimens which survived 84 days

Sof exposure to alternate immersion In a 3-1/2 per cent NaCi solu-

tion showed high losses in tensile ,trength. These specimens were

examined microscopi-ally. Examination of the 7075-T73510 specimens

which had been stressed to 75 per cent of the yield strenj h showed

no evidence of incipient stress-corrosion cracking and ve:,Ified

that these specimens were resistant to stress-corrosion cracking.

On the other hand, Intergranular cracks were found in both the

I 7075-T6510 and 7178-T6510 specimens which had been stressed to

15 per cent of the yield stress, confirming the susceptibility to

stress-corrosion cracking that "had already been shown by a single

Sfailure for each of these two samples.

2. Stress Corrosion With A Fracture Mechanics Approach

Tests of bolt-loaded specimens (shown in Fig. 30 of

Ref. 6) from each of the _3-1/2x7-1/2 In. extruded bars were

completed this quarter. Specimens from each sample were loaded

to various stress intensity levels (usually 100, 90 and 80 per

cent of the ambient KT, value) and expcse J by •-ither total or

alternate immersion in 3-1/2 per cent NaCI solution. At least

one spec.men from each sample was precracked in direct tension,

rather than by fatigue, and since the Load was not remoýed after

precracking, the initia! K1 1 value shouid have been reason0bly

close to Kc. The initial crack 1engths foa specimens precracked

In fatigue were based on measiiremnnts mce c-i th-v surfaces of the

specimens. Since the crack fronts thioui;h 00c thllckieýsr of the

specimens werc not perfectly s-.'alght, the Initial crack` , lc-r•ý,th•,

t .. -
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I T

loads and Kli values for the fatigue-cracked specimens are

estimated values. Several of these specimens were discontinued

after about 1000 hours of exposure, but the majority of the

-, specimens were exposed for 2500 hours.

The results of these tests are summarized in Table V

and plots of crack growth versus 'ime are shown in Figf. 52

through 55. As shown in the figures, specimens from alloys

7075 and 7178 in the T6510 temper experienced uons'iderable crack

growth; specimens from X7080-T7E42 experienced moderate crack

growth and specimens from 7075-T73510 experienced negligible

crack growth. For alloys in which cracks grew, the specimens

loaded to 100 per cent KIc experienced more crack growth than

those with lower applied Kii values.

Initially, cr-ack growth in the susceptible a1.-o

seems to have been more rapid in alternate immersion tests tf-ai

in total immersion tests. After 2500 hours exposure the residual

stress intensity factors for the susceptible alloys, shown in

Table V, approached the same level regardless of the type of test

(alternate or total ýmmersion) or applied stress intensity (K1 1 ).

Except for one specimen, the residual stress intensities for

7075-T6510 range from 13,000 to 13,500 psiv/in., and the residual

stress intensities for 7178-T6510 range from 8600 to 10,800 ,sin.

For both samples, there is little difference between the residual

stress intensitles after 800 and 2500 hours in the rdtternate

immersion tests, even though the cracks contlnued to grow (See

FigL. 52 and 55) at a slow rate.

Speclmens fror th.e 707T-3" a."



negligible crack growth One must Lhus conclude that this alloy

[ is not susceptible to stress-corrosion crack growth even though

the residual stress intensities are lower than the estimated

A [ initial values. This apparent decay in stress intensity could

be due to creep or stress relaxation in the screw threads or

other highly stressed regions in the specimen, or the actual

initial stiless intensities may have been lower than the estimated

values.

I. Specimens from the X7080-T7E42 sample experienced some

crack growth, but some of the apparent decay in stress intensity

may be due to the reasons mentioned above for the.7075-T73510

tests. In any event, there is considerable variability in

residual stress intensity values, which may indicate that 2500

hours exposure is not long enough 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 (K 1i) 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-T6510 and

7175-T6510 seem to be approaching the same stable stress intensity

V.

. -
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level (KIsce) as the bolt-loaded specimens of the same alloys.

The data fnr the samples of X7080-T7E42 and 7075-T73510 are not

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

-- resistant to stress corrosion.

"A more thorough analysis of these data will be presented

in the final report, when metallograpiic examinations and the long-

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

evident at this point that the stress-corrosion data which have

been developed with a fracture-mechanics approach rate these samples

in the same order as stress-corrosion data which have been developed

with smooth tensile specimens. The four samples ranLk as follows,

in order of decreasing resistance to stress-corrosion crack growth:

7075-T73510
X7080-T7E41

7075-T6510
7178-T6510

V. Programn for- Next Quarter.
k

Planned effort during the next quarter will consist of

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 bar samples will be

completed,

2. The axial-stress fatigue tests of notched (Kt Y 12)

specimens from the extruded bar samples will be completed. S-N

curves and modified Goodman diagrams will be prepared.

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

"1-3/8-in. thick plate samples willc lt one "'ear 01P uxposure
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to the seacoast atmosphere at Point Judith, Rhode Island, on
S• March 31, 1969.

4. The stress-corrosion specimens from the ll/16xl6-in.

S[. 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 Kensington, Pennsylvania, on June 14, 196.9. Specimens from

these samples will complete one year of exposure to the seacoast

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

F 5. The tests to determine stress-corrosion resistance

by a fracture-mechanics approach will be concluded. Tests of

ring-loaded specimens and metallographic examinations will be

!I finished.

6. The final report will be prepared.

A milestone chart indicating progress on the contract

is shown in Fig. 56.

P. E. SCHILLING

B. W. LIK

" W COURSEN

G. E. NORDMARK

SKA AN

mas 'iI 4/7/69

L __ _
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TABLE II:

CYCLES REQUIRED TO INITIATE FATIOUE CRACKS IN CENTER-NOTCHED SPECI•MS

Uet Stress * 3300 psi minimum to 9900 psi maximum

P33615-67-C-1521
Ri (Tentative)

ARL Nominal Surface
Sample Specimen Condition Direc- No. of Number of C14le1 to

All.oy Temper Product Number Thickness, or Locatiun tion Tests Ihitiate Craok
in.

7075 T6510 Extruded Panel 3110637 11/16 Extruded L 3 82 300 95 200 116,700
Nachinedta) L 2 120,700, 06 ,1;60
Extruded LT 3 98,100, 113,000. 225,200

T6510 Extruded Bar 340619 3/4 Surface L 2 W13,o00, 128,200
T/A L 1 3118,000

7075 T73510 Extruded Panel 340639 11/16 Extruded L 3 62,306, 68.700, 78,200
NachIjned(a) L 2 56,:400, 106,500
Extruded LT 3 71,100, 82,200, 86,900

T73510 Extruded Bar 340620 3/4 Surface L 2 91,i06, 139,000
T/A L 1 97,100

X7080 "T7E42 Extruded Panel 340730 11/16 Extruded L 3 71,900, 110,600, 116,000

03achined(a) L 2 79,000, 85,000

Extrudod LT 3 55,600, 56,700, 69,llu

T7E42 Extruded Bar 340732 3/4 Surface L 2 97,700 111,000
T/4 L 1 91, 105

T7E1I 1/2-in. Flate 343260 1/2 Rolled • L 4 80,700, 105,100, 113,300, 164,000
Kachtned L 2 71,000, 116 400
Rolled LT 3 82,200, 90,300, 107,500

T7E11 1-3/8-In. Plate 343259 3/4 T/2 L 3 51,600, 80,300, 86,600
T/2 LT 3 72,900, 75,690, 83.700

7178 T6510 Extruded Panel 340616 11/16 Extruded(a• L 3 95,000, 98,600, 137,600
Machined"a" L 2 145,000, 200,100
Fxiruded LT 3 16,:900. 121,600, 235,100

T6510 Extruded Bar 340635 3/4 Surface L 2 121,700, 155,7007/ 4 L 1 1 3 7 :8 0 0 ( d )
T651 1/2-in. Plate 310457 1/2 oiled L 3 312.300" 7100(d)

faohined L 3 398 100 1, 570 , 00

Rolld LT 3 50:700 6,00:6200(d).

Nac~ne~~~*L 2 36,10, 11,57000
T651 1-3/8-in. Plate 340450 3/1 T/2 L 3 107,600. 167.900, 208800o

T/•- LT 1 14,lO0, 209,100: 1~k,149,'O

NOTES: (a) 0.020 machttie- from surface.
(b) Complete fracture.
(c) Failed In grip enl?
(d) mole oversize.
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