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The mechanical properties, including fracture toughness
and fatigue, fatigue-crack growth rutes and corrosion characterils-
tics have been determined for a totsl of 51 lots of 7050-T76 sheet,
7050-T73651 plate, 7050-T73652 hand forgings, 7050-T736 die forg-
ings and 7050-T76511 extruded shapes.

Tables of computed design mechanical properties, modulus
of elasticity values and individual stress-strain curves are
presented, S .

The critical stress-intensity factor, Kq,-was determined
for samples of each lot of sheet and the plane-strain stress-.,
intensity factor, Kia, was determined for plate, hand and die. .
forgings and extruded shapes. The combination of strength and -
toughness of all products are generally comparable to or higher:
than those of conventional 7XXX alloys. '

Axial-stress fatligue strengths were determined in”
ambient-alr and salt-fog environments. Modified Goodman: diagrams
were developed from tests made in ambient air. : :

Generally, equivalent rates of fatigue-crack propaga=-
tion were obtained for plate, hand forgings and-extruded.shapes.
Propagation occurred significantly faster in the longitudinal
direction of thick hand forgings and extruded shapes.

All products showed a high resistance to exfoliation
attack and were resistant to stress-corrosion cracking when
stressed 1n the longitudinal and long-transverse directions;
for the short-transverse direction, the various products and
tempers showed good resistance to SCC in line with proposed
targets. SCC performance of precracked specimens from .
plate, dle forgings and extruded shapes showed trends similar
to those obtained for smooth specimens.
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PREFACE

This investigation was conducted by Alcoa Laboratories,
Aluminum Company of America, Alcoa Center, Pennsylvania, for the
Department of the Navy, Naval Air Systems Command, Washington, D.C,
under NASC Contract No. N000l9=-72-C-0512.

This report covers work done from May 12, 1972 to
November 12, 1974.

This investigation was coordinated by Mr. J. G. Kaufman.
The phase covering the design riechanical properties, fracture
toughness and fatigue propertics (ambient air) was under the
supervision of Mr. D. J. Brownhill, with Mr. R. E. Davies as
project engineer. The phase covering the fatigue properties (salt-
fog) and fatigue-crack propagation rates was under the supervision
of Mr. R. A, Kelsey, with Mr. G. E. Nordmark as project engineer.
The phase covering the exfoliation and stress-corrosion character-
istics was under the supervision of Mr. D. O. Sprowls, with Mr.
J. D. Walsh as project leader.
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; SECTION I
|

{ INTRODUCTION

\ .

“The aerospace industry has a need for an aluminum alloy capable
of developing in thick products a comblnation of high strength,
high resistance to stress-corrosion and good fracture toughness
for advanced, reliable, high-performance aireraft and aerospace
structures., It also has a need for thinner aluminum alloy
products which are capable of developing good resistance to
exfoliation and high toughness at high-strength levels. Established
commercial alloys and tempers provide one and sometimeg two of
these characteristics, but the combination of all three in
either thick or thin seoctions has heretofore not been avallable.

N -
3

~~ Alcoa developed alloy 70501under NASC contrac*s[l h]Jto £i11 thékJ
need for a materlal which had the desired combination of proper-
ties An thick sectlions, and later reallzed that in thin sectlons
this."alloy also develcoped levels of strength, exfollation resis-
tapte and toughness that were superior to those of commercial
aluminum alloy products,

"“The alloy development work revealed that the corrosion character-
istlcs and toughness of alloy 7050 products progressively increased
as yleld strength decreased wlth overagling beyend peak strength.
Thls correlation between yleld strength and corrosion resistance
was used to select tentotive minimum tenslle propertles for various
tempers of 7050 products.

- Elther yield strength or corrosion resistance was used as the
primary property. The secondary property was obtalned from the
.Y yield strength-corrosion reslstance correlation. TIor some pro-
-4 ducts and tempers ccrrosion resistance capabllity criterla were
: initlally set. The maximum yleld strengths expected to provide
; the desired correcsion resistance were then estimated from tensile
<1 and corroslon test data. The mirimum yield strengths werz then
- set 9 ksl below the maximum values; this spread in yield strengths
1s that expected based on the fabricating and heat treating prac-
tices established for the products. In other instances, the
desired minimum yleld strength was initially set and the maximum
yleld strength was made 9 ksi higher. Then the corrosion resis-
tance capabllitles were estimated from the yleld strength-corro-
8 sion resistance correlation. Once the yield strengths and corro-
. : sion resistance capabllitles were set, minimum tensile uvltimate
L) strengths were established {rom relationships of yield strength to
ultimate strength for commercially establlished 7XXX alloy products.
Minimum elongations were estimated from availlable data.




The purpose of this investigat.on was to evaluate the mechanical
properties and corrosion characieristics of 7050 products pro-
duced by commercial practices in the form of (T76) sheet,
(T73651) plate, (T73652) hand forgings, (T736) die forgings and
(T76511) extruded shapes. In order to make effective and effi-
cient utilization of these products, sufficient data have been
evaluated to permit the development of statistically meaningful
design mechanical properties for use in MIL-HDBK-5[5] and to
provide sufficient confidence in their levels 5f fracture tough-
ness, fatigue strength, fatigue-crack propagation rates, exfolla-
tion and stress~corroslon resistance.
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SECTION II
MATERIAL

The 7050 products tested in this investigation included eleven lots
of T76 sheet and ten lots each of T73651 plate, T73652 hand for-
gings, T736 die forgings and T76511 extruded shapes. All lots
tested were produced by commercial practices. Three samples each
of hand forgings, dle forgings and extruded shapes were fabricated
by another producer, hereafter designated as "Producer B"; all
other samples were fabricated by Alcoca, hereafter designated as
"Producer A".

The chemlical compositlions of each sample, determined at the Alcoa
Laboratories, are shown in Table I. The compositions of all
samples are wilthin the specified limits shown at the hottom of
Table I.

The tenslle properties of the sheet, plate, hand forgings, dile
forgings, and extruded shapes are shown in Tables I1I, III, IV, V
and VI, respectively. The specified minimum tensile properties
are shown in Table VII, The AMS Specifications for plate, hand
forgings and die forgings are indicated in the last column of
Table VII. The minimum values for sheet and extruded shapes are
Alcoa's tentative values. The tensile properties of two of the
hand forgings (S. Nos. 428850 and 428851) and one of the die
forgings (S. No. 411392) were initially below the specified
minimum values. In each instance two retests were made. As
indicated in Table IV, one of the two retests of the short-
transverse specimens of the 3-1/2-in. thick hand forging (S. No. -
428850) falled to meet the tenslle strength minimum values by

0.8 ksi. Both short-transverse tensile strengths in the retests
of the die forgings (S. No. 411392) failled to meet the minimum
value (Table V). These samples could not bereplaced by Producer
B. Also, two of the hand forgings, and five of the dile forgings
had yleld strengths a llttle above the maximum values. Since

the minimum and maximum tensile properties at the time of the
tests were tentative and since the relationships among the tensile,
compressive, shear and bearing propertles would still be valid,
the data were 1included in the analysis of ratios for establishing
minimum design properties.

Etched cross sectlions of each sample, except sheet, are shown in
Figs. 1 through 27. The microstructures of some of the samples
were examined; all structures were representative of structures
of commercially established 7XXX aluminum alloys. Photographs of
the dle forgings are shown in Figs. 12 through 21 along with the
etched eross section of the respective die forgings.
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SECTION IIIX
PROCEDURE

A. Mechanical Properties

A.l., Tensile, Compressive, Shear and Bearing

All tensile, compressive, shear and bearing tests were made using
the smallest suitable range of an Amsler 20,000-1b. (Type
105XBDA58), an Olsen Electomatic 30,000-1b, and an Olsen Super-L
20,000-1b or a Southwark-Tate-Emery 50,000-1b capacity Universal
Testing Machine. The machines were calibrated prior to and
during the investigation. The accuracy of these testing machines
was always within that required by ASTM Method EU4[6].

In general, the test specimens and procedures used were, where
appropriate, the same as those used in previous investigations of
sheet, plate, extrusions and forgings[7-12]. Single tests were
made except in a few instances where initial results indicated
check tests were necessary. Specimens were taken in the test
directions and locations specified in ASTM B557[13]. Specimens
(L and LT) from the sheet were full thickness. Longitudinal
specimens from plate were from the same locations as the long-

3 transverse specimens, and short-transverse specimens were from

p the center of the thickness. Specimens from hand forgings (L,
LT and ST) were from the center third of the thickness and width.
Longitudinal specimens from predominantly "flanged" dle forgings,
0.6 to 3.1-in. thick, were located between the parting plane and
the top of the flange. Short-transverse specimens were taken
normal to the parting plane with the center of the test sections
located at the parting plane; specimens from the thicker die
forgings, 3.5 to 6.1-in. thick (or diameter) were from the cen-~
tral area of the cross section; locatlons of the longitudinal
specimens from extruded shapes were as indicated in ASTM B557
and long-transverse and short-transverse specimens were from the
center of the width end thickness.

Tensile tests were made in accordance with ASTM E8[14] with
either 1/2-in. wide sheet-type specimens or 1/2-in. diameter
tapered-seat specimens, except where it was necessary to use
subsize round specimens (Fig. 28). The yleld strengths were
determined from autographically recorded load-strain dlagrams.

| Compressive tests were made in accordance with ASTM E9[15] using
a subpress (Fig. 3 of ASTM E9). Specimens from sheet and
: extruded shapes less than 0.500-in. thick were of the type

' shown in Fig. 29; these specimens were supported laterally by
; ; a Montgomery-Templin Fixture (Fig. 4 of ASTM E9). Specimens
7 from thicker products were cylirndrical of the type shown in Fig.
29, The yield strengths were determined from autographically
recorded load-strain dlagrams.




Shear tests of each sample of sheet were made with a punch-type
shear tool in which the shear strength was determined by mea-
suring the load required to punch a 2-3/4-in. diameter circle
from a8 4xl-in. blank with a hardened steel punch and die. Shear
tests of the other products, and also the 0.222 and 0.249-1in.
sheet, were made using cylindrical specimens (Fig. 29); these
specimens were tested in an Amsler double~shear tool in which a
l1-in. length 1s sheared from the center of a 3-in. long specimen,
the end thirds being supported throughout their length. In the
tests of longitudinal and long-transverse specimens, the loads
were applied in the direction normal (ST) to the major surface
of the product; 1in the tests of short-transverse specimens, the
logdﬁlgare applied in the direction parallel (L) to the major
axis .

Bearing tests were made in accordance with ASTM E238[17] using
longitudinal and, where possible, long-transverse specimens of
the type shown in Fig. 30. Specimens from material equal to or
less than 0.249-in. thick were full thickness, and those from
thicker material were machined to 0.094-in. thick. The bearing
ultimate and yleld strengths were determined at edge distance of
1.5 and 2.0 times the pin diameter. The bearing yield strength
was obtained by determining the load at a permanent deformation
of 2 per cent of the pln diameter as indicated on an autographic
load~deformation diagram. Bearing speclmens were taken flatwise
with the exception that those from the hand and die forgings were
taken edgewise. The specimens and test fixtures were cleaned
ultrasonically as prescribed in ASTM E238.

Tensile and compressive stress=-strain tests, including modulus of
elasticity determinations, were made of longitudinal, and when
possible, long-transverse and short-transverse specimens from five
samples of each product. The tests were, 1in general, conducted

in accordance with ASTM E111[18]. The tensile specimens were of
the type shown in Fig. 31 and the compressive specimens were of
the types shown in Fig. 29 (sheet-type, 3/4%-in. and 1/2-in. dia.).

Loads were measured with Revere Super Precision type load cells
having an accuracy, traceable to the National Bureau of Standards,
of 0.1 per cent of rated output. Strains were measured with
Micro-Measurements Types CEA-13-062UW-350 and CEA-13-125UW-350
straln gages. These gages have a gage factor accuracy of 0.5

per cent and a resistance accuracy of 0.3 per cent. The stress
and strain signals were recorded on a Mosley X-Y recorder. Over-
all accuracy of load measurement was 0.5 per cent of reading or
0.25 per cent of full scale, whichever was larger, Strain
measurement accuracy was 0.7 per cent of reading or 0.5 per cent
of full scale, whichever was larger; the accuracy of the gages
was well within the requirements established for Class Bl
extensometers in ASTM E83[19].
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The modulus of elasticity values were determined from Tuckerman
analysis plots as described in ASTM Elll. The values obtained
from the stress versus strain plots were used for the trial
modulus values. The specimens were tested to 25 ksi, within

the elastic limit of the material. The stress scales were 2.5
ksl per inch and the strain scales were 250 microinches per inch.

The aforementioned methods and equipment were then used to obtain
stress-strain curves beyond the yield strength of the material;
the stress scale was 10 ksi per inch and the strain scale was
2000 microinches per inch. These data were also recorded in
computer storage for use in establishing typical stress-strain
and tangent-modulus curves. Compressive modulus of elasticity
values from zero stress to the proportional limit were deter-
mined from these data. Presently, there are insufficlent
production data for eatablishing the typical tensile properties
necessary for making typlcal stress-strain curves.

A.2. Fracture Toughness

The critical stress-intensity factor, K., of all the sheet sam-
ples were determined from tests of 16-in. wide center-slotted
panels of the type shown in Fig. 32[20] following published
guldelines[21]. The specimens were loaded monotonically in an
Amsler 300,0C0-1b capacity testing machine, shown in the test
setup in Fig. 33. Two different anti-buckling guides, shown in
Fig. 34, were used. The improved type, shown at the bottom of
Fig. 34, was used in the latter tests. The guldes at the top of
Fig. 34 were made up of four separate aluminumbars and the
improved guides were made up of two bars with a 1x12-in. slot
centered over the crack in the specimen; these guldes had 1/8-in.
thick layers of lubricated teflon between the guldes and the

specimen. A few samples were tested without anti-buckling guldes.

The crack-opening displacement (COD) was me&sured over an 1l.3-
in. gage length., Plots of load versus COD were made using a
Mosley X-Y recorder. The critical crack lengths were calculated
by conversion of COD to crack length measurement through a com-
pliance calibration. The critical stress-intensity factor, K.,
was calculated at the point of instability. Crack rcaistance
curves for 0.063-in. sheet were developed. Data for 0.063-in.
sheet were established using the technique proposed by C. E.
Feddersen[22].

All samples were tested with U4~-in. center slots. One sample of
0.063-in. sheet was tested with various slot sizes, 1, 2, 3, 4,
§ and 6 in.; the other sample of 0.063-in, sheet was tested with

4 and 6~in. slots.
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Transverse specimens were taken from each product; specimens

- e

Duplicate fatigue-cracked compact tension specimens of the type
shown in Fig. 35 were used to determine the plane-~straln stress-
intensity factor, Kie, of all the plate, hand forgings and die
forgings and all but the 0.187-in. thick extruded shape. The
specimen orientations, shown in Fig. 36, dimensions, notches,
fatigue cracking and testing procedures were essentially in
accordance with ASTM E399[23]. The specimens were fatigue
cracked by axial loading (R=+0.1) in Krouse fatigue machines.
The test setups for fatigue precracking and fracture toughness
testing are shown in Figs. 37 and 38, respectively. The tests
were made in a 30,000-1b capacity Olsen Electomatic testing -
machine, and plots of load versus COD were recorded using a )
Mosley X-Y recorder, Candidate values of critical plane-strain
stress-intensity factor, Ky, were calculated using the load at

5 per cent secant offset wgich is equlvalent to about 2 per

cent of crack extenslion. If all the validity criteria specified
in ASTM Method E399 were met, the candidate value was designated
as KIC .

A.3. Axial-Stress Fatigue
A.3.1 Ambient-Air Environment

Tests were made of smooth and notched axial-gtress fatigue
specimens of the types shown in Figs. 39 (sheet-type, thickness
< 0.125 in.) and 40 (round). Generally, longitudinal and long-

from dle forgings were longitudinal and short-transverse and
specimens from hand forgings were long-transverse except for
one sample where specimens were taken in all three directions,
L, LT and ST. The specimens were, in general, taken from the
same locations as the tensile specimens. Tests were made at
stress ratios* of R=+0.5, 0.0 and -1.0 for one sample each of
sheet, plate, hand forgings and extruded shapes; sufficient
specimens were tested in order to develop modified Goodman
diagrams. Generally, at least four specimens from the other g
lots, including dle forgings, were tested at various stress
levels at a stress ratlio of R=0.0. All tests were made in
Krouse fatigue machines operating in 13.3, 25.0 or 28.8 Hz.

A.3.2 Salt-Fog Environment

Smooth and notched specimens having test sections similar to
those shown in Figs. 39 and 40 were subjected to axlal-stress
fatigue tests (R=0.0) in a salt-fog environment. As indicated
in Fig. 40 the notched round specimen had a notch-tip radius of
0.0005 in., K¢5 12, instead of 0.013 in., Kiy=3, as originally
intended. Specimens were taken in the long-transverse direction
from two thicknesses of the sheet, plate, hand forgings and
extruded shapes. During the tests in 5-kip capacity Krouse
fatigue machines operating at 18.3 Hz, the test sections were
subjected to a 20-second spray of a 3-1/2 per cent salt solution
at 5 minute intervals.

minimum stress

E———rT
Stress ratio, R = T —tress
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B, Fatigue Crack-Tropagation Tests

Fatigue-crack propagation rates for 0.040 and 0.215-in. thick
sheet samples were determined using full thickness, center-notch
specimens containing a 0.020-in. long EDM (electrical discharge
machining) crack-starter notch, Fig. 41. Compact tension speci-
mens, Fig. 42, were used for the plate, extrusions and hand
forgings. Data were developed for each product in: (a) Dry air,
(b) Humid air and (c¢) 3-1/2 per cent NaCl salt fog. Specimens
were taken in the T-L and L-T orientations, and where possible in
the S-L orientation, as shown in Fig. 36.

Center=-notch sgecimens were tested in a 15-kip Krouse fatigue
machline, Fig. 43, at a frequency of 13.3 Hz. The compact ten-
sion~type fatigue crack-propagation specimens were tested in
5-kip Krouse machines at a frequency of 18.3 Hz using fixtures
similar to those shown in Fig. 44, Fatigue cracks were generally
initiated at R=0.1 at maximum test loads used in subsequent data
acquisition at R=1/3. The final 0.03 to 0.05 in. of "initiation"
was accomplished at test loads (R=1/3). Visual crack-length
measurements were made using low power magnification (15X) and

a series of reference grid lines (0.02 in.) photograﬁhically
printed on both sides of the specimen surface (Fig. 44),

4 Environmental control was provided by using chambers such as

; shown in Fig. 43. Dry air (relative humidity < 10 per cent) was
1 obtained using dessicants; humid air (relative humidity < 90 per
- cent) was obtalned by having a water reservolr in the chamber.
The salt fog consisted of a 20 second spraying of a 3-1/2 per
cent salt solution applied at H5-minute intervals.

The rate of fatigue-crack growth, da/dN, was determined from the
: slope of a second degree polynomial fitted through each three

! successive data pointsAP'ghe rates of crack growth were plotted
) as a function of AK =

where a = crack length, in. (half of total crack length for
center-notch specimens), Figs. 41 and 42,

B = specimen thickness, in.

W = specimen width, in. (load line to end of specimen
for compact tension specimen).

P = load, kips.

- Y, (center-notch specimen) = 1.77 + 0.277(2&)

- W
3 - 0.510 (32 + 2.7(38)3 (Ref. 2U)
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Y, (compact-tension specimen, H/W = 0.485) =
30.96 - 195.8(8) + 730.6(§)? - 1186.3(H)3 (Rer. 25)

Y, (compact-tension specimen, H/W = 0,6) =
29.6 - 185.5(f) + 655.7(P? - 1017.0(f 3
+ €38.9(3)" |

C. Corrosion Characteristics

C.l. Resistance to Exfoliation

The resistance to exfoliation of the various products was evaluated
by means of 2x4-in. panels machined to the T/10 and/or the T/2
planes (10 or 50 per cent of the section thickness machined from
one of the fabricated surfaces) and exposed to the EXCO test per
ASTM G34[26]. The EXCO test involves total immersion for a period
of 48 hours in a 4M NaCl + 0.5M KNO3 + 0.1M HNO3 solution. 1In
addition, selected lots of the sheeé, plate and extruded products
were exposed to the acidified salt spray test such as specified in
MIL-A-8978, 8979 and 8980 for 7178-T76 products[27], and to the
seacoast atmosphzre at Foint Judith, Rhode Island. Specimens
exposed to the two accelerated tests were rated visualli using the
photographic standards contained in ASTM G34[26], Fig. 45.

C.2. Resistance to Stress-Corrosion Cracking (SCC)-Smooth Specimens

Sheet

Stress-corrosion cracking tests were conducted with two types of
long-transverse specimens: a premachlned tensile specimen (ASTM

E8, Fig. 8), and a plastically deformed tensile specimen blank.
Full thickness specimens were used for 0.040 and 0.063-in. sheet;
for thicknesses greater than 0.063 in., specimens were machined

on one surface to 0.063 in. and the original rolled surface was
stressed in tension. Both types of specimens were stressed in
duplicate, by bending in constant span-type fixtures, Fig. U6, with
the tensile specimens being end-milled to a length calculated to
develop a stress of 75 per cent of the measured tensile yleld
strength. Duplicate unstressed tensile specimens were also exposed.

Specimens were exposed to three environments: (a) 3.5 per cent
NaCl by alternate immersion per Federal Test Standard 151b,
Method 823[28]; (v) seacoast atmosphere at Point Judith, Rhode
Island; and (¢) industrial atmosphere at Alcoa Center, Pennsyl-
vania. Atmospheric tests are scheduled for a minimum exposure
of four years, but at the time this report was written, the
maximum length of accrued exposure was only about 22 months.




Plate, Forgings and Extrusions

The resistance to stress-corrosion cracking of susceptible alumi-
num alloys and tempers 1s most critical in the short-transverse
direction (perpendicular to and across the parting plane in the
case of die forgings); consequently, the majority of tests were

~made on specimens oriented in that direction. Certain items were

also tested in the longitudinal and long-transverse directions.

Tests were conducted with 0.125-in. diameter threaded end tensile
specimens meeting the requirements of ASTM E8. Specimens were
centered in the product thickness, except that for die forgings
the short-transverse specimens were taken across the parting
plane approximately 3/8-in. below the base of the flash.

Unstressed specimens were exposed in duplicate and stressed
specimens in triplicate. All specimens were axially loaded in
tension in "constant strain" type fixtures, Fig. 47a, using a
synchronous loading device of the type shown in Fig. U47b. Longi-
tudinal and long-transverse specimens were stressed at 75 per
cent of the actual tensile ﬁield strength, and short-transverse
specimens were stressed at 35 and 25 ksi.

The corrosive environments used were the same as those cited in
the preceding section for sheet samples. Atmospheric tests of

these samples had progressed for approximately 20 to 25 months

at the time thls report was written.

C.3. Resistance to SCC - Precracked Specimens

Stress-corrosion cracking tests of precracked specimens were
conducted on plate, dle forged and extruded samples with bolt-
loaded double cantilever beam (DCB) specimens of the types shown
in Fig. 48. Short-transverse specimens of S-L orientation were
taken from the plate and extruded sectlions at the center of the
product thickness, and specimens from the die forgings were taken
Just below the parting plane as shown in Fig. 49.

Duplicate specimens were precracked in tension, with a few drops
of a 3.5 per cent NaCl solution being applied during the final
stege of precracking. The specimens were then held for a period
of 30 days in a laboratory environment with air at 80 F and 45
per cent relative humidity. A few drops of a 3.5 per cent NaCl
solution were added to the crack three times during each working
day, and crack growth was monitored with an ultrasonic detection
device developed at these Laboratories. Pertinent stress-
intensity calculations, as a functlion of crack opening displace-
ment and crack length, were made using the formula developed by
Hyatt[29].

-32-




SECTION IV
RESULTS OF TESTS

The results of the individual tensile, compressive,shear and
bearing tests, the ratios among these test results, the statis-
tical analyses of these ratios, the computed design values and
the modulus of elasticity data are shown in Tables II through
XXVIII. Tensile and compressive stress-strain curves for

samples of five lots of each product are shown in Figs. 50
through 83.

The results of the tests of the 16-in. wide center-slotted
panels (K,) and the compact tension fracture toughness specimens
(K1o) ore ®shown 1in Tables XXIX through XXXIII and Figs.

through 93.

The results of the smooth and notched axial-stress fatigue tests,
amblent-air environment, and modified Goodman diagrams are shown

in Figs. 94 through 1“0 those of the smooth and notched specimens
tested in a salt-fog environment are presented in Figs. 141 through
145, Either scatter bands or average curves are shown represent-
ing results of tests of comparable products of other aircraft
alloys[12]., Table XXXIV lists the average corrosion-fatigue

gtrengths at several lives for these tests, as well as those for
comparable products(l2].

The results of the fatigue crack-growth tests are presented in
the form of da/dN versus AK plots in Figs. 146 through 160 and
summarized in Table XXXV. The table includes rates listed for
some of the tests of comparable specimens and products[l2].

The raw crack-propagation data are presented in the Appendix
(Tables LIV to LVII).

The results of the exfoliation tests are given in Tables XXXVI
through XXXIX and Fig. 161. The results of accelerated and
atmospheric stress-corrosion tests of smooth specimens are shown
in Tables XL through L and Figs. 162 through 166. Results of
tests of precracked specimens are shown in Tables LI through -
LIV and Figs. 167 through 172,
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SECTION V
DISCUSSION OF RESULTS
GENERAL

The results of tests obtained in this investigation of the mech-
anical properties and corrosion characteristics of 7050 products
provide evidence that this alloy is capable of developing the
combination of hligh strength, hlgh resistance to corrosion, and

a high level of fracture toughness not avallable previously in
other commercially produced aluminum alloy products. The data
generally confirm that 7050 products produced by commercial
practices develop the yleld strength-corrosion reslstance combina-
tion estimated from alloy development data. These properties,

the development of deslgn mechanical properties, the fracture
toughneass, and the fatigue characteristics are discussed in detail
in the following sections.

A. Mechanical Properties
A.l. Tenslle, Compressive, Shear and Bearing
A.1.1. Minimum and Maximum Tensile Properties

The methods used in establishing minimum and maximum tensile
properties were discussed in Section I. The minimum tensile
yield strengths for the various products appear reasonable with
the possible exception that for certain extruded shapes it may
be necessary to lower either the maximum and minimum strengths
or the stress-corrosion capability based on stress-corrosion
data for the 1.5x7.5-in. and simllar shapes; this is discussed
in detall in C2 of this sectilon.

Anglysis of subsequent tensile and stress-corrosion test results
of plate and hand forgings tested for this contract and for
quality control purposes indicated that the 9 ksl spread between
minimum and maximum yield strengths was unnecessarily restrictive
for thick sectiona. The stress-corroslion resistance of the
thicker sections 1s such that higher maximum yleld strengths can
be tolerated, Consequently, the maximum yleld strengths for
3.001 in. and thicker sections have been revised to 9 ksi higher
than the minimum values of 3-in. thick plate and hand forgings.

As mentloned 1n Section I, the minimum tensile ultimate strengths
of the 7050 products were estimated from the relationships of
Yield strength to ultimate strength for established commercilal
7XXX alloy products. These relationships for the data obtained
in this contract indicate that 1t may be necessary to adjust some
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of the minimum tensile ultimate strengths. However, the amount
of data obtained in this contract are not sufficient to justify
such revisions; further supporting data from production lots
are necessary before revisions can be made with any degree of
confidence., For changes to be made in the minimum values for
plate, hand forgings and die forgings, it would be necessary

to revise AMS specifications. In the case of 7050-T73651 plate
the yleld-ultimate relationships for data from this contract
and other plant production indicate revisions in the tensile
ultimate strengths may not be necesasary.

A.1.2, Design Mechanical Properties

The tensile properties used in computing the ratios among the
tensile, compressive, shear and bearing properties for each
product meet applicable specified minimum properties except
those for some of the hand forgings and dle forgings fabrica-
ted by Producer B, as noted in Section II, Materials; the ratios
are shown in Tables VIII through XII.

The distribution of the ratios, number of ratios (n), mean ratios
(R), standard deviations (Yg) and the minimum ratios (Min. R) are
shown 1n Tables XIII through XVII. The statistical analyses of
the ratio data were made in accordance with procedures outlined
in Chapter 9 of MIL-HDBK-5, Guidelines for Presentation of Data[5].
A regression analysis of each group of ratios was made to determine
whether the data showed a correlation with thickness; where such
correlation was indicated, Min. R values were selected which
corregpond with the lower limit of the confldence band around the
regressiun line at the lower end of each respective thickness
range. When no correlatlion was indicated, a single value of Min.
R was selected for all thicknesses. These values of Min. R were
used to establish the derived design value for the respective
thickness ranges. In some instances variation in the ratios
throughout the full thickness runge 1ndicated that the ratios
should be broken down into sub-groups for analysis. This was
done with the analysis of the bearing data for sheet, i.,e., the
ratios for 0.040 and 0.063-in. thick sheet and those for thick-
nesses greater than 0.063 in. were analyzed separately. The
analyses of the shear and bearing ratios for plate were made on
thicknesses equal to or less than 1.500 1in. and greater than
1.500 in. The ratios for these two thickness ranges differ
because of the change in the specification-~test location, T/2

to T/4. This was not recognized in the previous Air Force Con-
tract on 2014-T651, 2024-T351 and -T851, 7075-T651 and 7178~

T651 plate[7]. Consequently, the Min. R values used to develop
derived minimum values presently shown in MIL-HDBK-5B, insofar

as the approach to the analyses are concerned, are not comparable
to those for 2124-T7851[12], 7075-=T7351[30] and 7050-T73651 plate.
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Since no directions are shown for shear and t2aring minimum
design values and data were obteined for more than one direction
in most products, the Students "t"-test and the "F'"-test were
applied,to determine 1f there were significant differences in R
or (°R)“, respectively, for the different directions. Where no
differences with direction were indicated, the ratios were com-
bined for computation of the minimum ratlos. The approach taken
in combining ratios was to average the individual ratios for the
two directions of each sample and then run the statistical
analysis on the average ratios. By using this approach, the
analysis was based on the number of samples (lots) tested and not
the number of tests thus keeplng "n" equal, or about equal, for
each property of each product.

The derived Min. R values used in computing the derived design
values from the tensile properties of the respective thilckness
ranges of each product are summarized 1n Tables XVIII through
XXI. The corresponding computed design values are shown in
Tables XXII through XXVI. In preparing the deslgn tables for

the plate, hand forgings and die forgings the tenslle propertiles
in AMS specification 4050, 4108 and 4107, rr ctively, were used
as basis-property "S" values. Since there are no such specifica-
tions for 7050 sheet and extruded shapes, Alcoa's tentative mini-
mum tensile properties were used; therefore the deslgn properties
are shown as "tentative" in Tables XXII and XXVI. With the
exception of extruded shapes, the derived compressive values for
each direction are based on the corresponding directions of the
tensile yleld strengths. There are presently no long-transverse
specified minimum tensile properties for extruded shares, so all
derived values are based on the longlitudinal tensile propertiles.
The shear and bearing minimum values for sheet, plate and hand
forgings are based on the long-transverse tensile propertles and
for die forgings they are based on the longitudinal tensile
propertlies,

The results of the tensile and compressive stress-strailn tests and
the modulus of elasticity tests are summarized iIn Table XXVII.
Representative tenslle stress-strain plots for determining modulus
of elasticity from zerc to 25 ksl are shown in I'ig. 50, and tensile
and compressive stress-strain curves are shown in Figs. 51 to 83.
Average modulus values (Table XXVIII) for each product are as
follows:

Modulus, 103 ks1(0 to 25 ksi)

Product Temper Tension Compression
Sheet T76 10.2 10.5
Plate T73651 10.3 10.5
Hand Forgings T73652 10.2 10.5
Die Forgings T736 10.2 10.5
Extruded Shapes T76511 10.3 10.6
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The above values for the 7050 products are getierally within 2
per cent of those of other T7XXX alloys. These average values
for each product are, as with other alloye, 2 to 3 per cent
higher in compression than in tension.

The long-transverse modulus values for plate, hand forgings and
extruded shapes average 1 to 2 per cent higher than the corres-
ponding longitudinal values; for the same products the short-
transverse modulus values average 1 to 2 per cent lower than the
long=transverse values, The longitudinal and long-transverse
modulus values for sheet average about the same and for dile
forgings the longitudinal and short-transverse modulus values
are about equal.

The proportional 1limit in tension 1s usually not much above 25
ksl for most T7XXX products, and 1n compression the proportional
limit 1s appreclably higher than that in tenslion. Therefore,

in the tests of 7050, the modulus tests in compression were run
to only 2% ksl so that the stress range evaluated was the same
as that in tension. However, most of the compressive stress-
strain curves for 7050 showed that above 25 ksl the slope
(medulus) increased noticeably up to the elastic limit. The
amount of this change in slope appears to vary with grain direc-
tion and with product. However, this change in slope is directly
related to the elastic 1limit of the product, the higher the
elastic limit the greater the change in slope (modulus). In

the longltudinal direction of hand forglngs there 1s little or
no increase in slope as the stress increased within the elastic
range, but in the transverse directions (LT and ST) of the hand
forgings and all three directions of plate, the slopes of the
upper part of the elastlc range average 2 per cent higher than
those of the lower part (0 to 25 ksi). For sheet, die forgings
and extruded shapes the differences 1n the slopes average about
2.5 to 3.5 per cent for the longitudinal direction and to 4.5
per cent for the two transverse directlions. Thils increase 1n
slope 1s not unique for 7050; 1t has been observed 1in data for
other high-strength alloys. The compressive modulus values

have been adjusted upward as shown 1n Table XXVIII; these vezlues
are based on a stress range of zero to the elastlic 1limit. The
modulus values in the tables of design mechanical properties
(Tables XXII through XXVI) have been adjusted accordingly.

A.2. Fracture Toughness

Sheet

The results of the tests of 16-in. wide center-slot fracture
toughness specimens of the 7050-T76 sheet are shown in Table
XXIX. On the basis of the net sectlon stress, ¢, not exceeding
0.8 times the tensile yield strength, all tests were valid,
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Values of K, versus tensile yield strength for the 0,063-in.
T050-T76 sheet are plotted in Fig. 84; data for other alloys
of sheet tested without anti-buckling guides are shown for
comparison. One sample of 7050-T76 sheet (411378) has yileld
strengths, averaging about 78 ksi, greater than and K, values
equivalent to those of 7075-T6. The second sample of 7050
(428884), has yiéld strengths, averaging 73 ksi, in the range
of those of 7075-T6 and 7E7S-T61; for the L-T orientation the
Ko values, with and without anti-buckling guides, are equal to
or higher than those of 7475, and for the T-L orientation they
are between those of 7075-T6 and T475-T61. The larger differ-
ences in the Ko values of the two samples of 7050-T76 sheet
appear to be a trade off in yield strength and toughness which
%s, at §§ast partially, due to differences 1n Cu and Zn content
Table .

Values of K, versus thickness are ﬁlotted in Fig. 85 for speci-
mens with initial slot-lengths of 4-in. The K, values of the
thick sheet average about 2/3 those of the thin sheet.

Crack-resistance data for the two samples of 0.063 in. sheet
(S-411378 and 428884), tested with anti-buckling guides, (open
symbols), are shown in Figs. 86 and 87 for the L-T and T-L
orientations, respectively. These data characterize the resis-
tance to fracture of the sheet during slow-crack growth. The
R-curves for the two samples of sheet indicate large differences
in thelr resistance to fracture, which can be partially attributed
to the differences In the tensile yield strengths of the two
samples.

The function of the anti-buckling guldes in the fracture toughness
tests of sheet was to prevent buckling. Buckling can lower not
only the toughness, K., but also the resistance to slow-crack
growth as demonstrated by the data for the L-T and T-L orienta-
tions (4 and 6-in. crack lengths) of the 0.063-1in. sheet (S-428884)
in Figs. 86 and 87, respectively.

The method recommended by C. E. Feddersen[22] for analyzing resi-
dual strength was used to establish various "damage" levels, K,
from load-deformation curves obtained from tests of the 16-in.
wide panels of 0.063-1n. thick sheet (S-411378). The results of
the evaluations of the data, assuming panels of infinite width,
are presented in Figs. 88 (L-T) and 59 (T-L); the three damage
levels established are: 1. "Threshold"-beginning of slow-crack
growth, 2, "Apparent"-no crack growth at critical instability,
and 3. "Critical"-initial crack length plus crack growth at
critical instability. The data for the 0.063-in. sheet appear
to fit Feddersen's analyses reasonably well, at least in the
fracture-mechanics applicable range.
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Plate, Hand Forgings, Die Forgings and Extruded Shapes

The results of the fracture toughness tests, Kr,, are shown in
Tables XXX through XXXIII. Only a few of the candidate Kq
values for plate and hand forgings are not strictly vaiid by all
the criteria stipulated in ASTM E399. However, as indicated in
the tables, most ¢f these values are considered meaningful Kre -
values sincé they almost satisfy the validity criteria. Mos% of
the Ky, values for die forgings are invalidprimarily because
either the crack lengths were outisde limits, crack curvatures
exceeded limits or the stress intensities were too high. A%
times it was difficult to initiate and propagate the fatigue
cracks in the dle forging specimens, which asccounts for the

- relatively high stress intensity and crack curvature. Almost

one-third of the Kye values for extrnded shapes were strictly
invalid; most of the invalid tests were for the L-~T specimens
and were due to excessive ylelding. Average values of valid
Kic, including values considered meaningful, are as follows:

K1n, ksivAin.
Product Temper - L-S - -
frodust pme TS L EL

ate - 27.8 20.2
Hand Forgings 773652 31.9 20.9 19.0
Die Forgings T736 31.9(37.7) - 23.7
Extruded Shapes T76511 31.6 23.0 18.6

K1c values versus tensile yleld strengths of plate, hand fcrgings,
dle forgings and extruded shapes are plotted in Figs. 90 through
93, respectively. Both valid (solid symbols) and invalid (open
symhols) fracture toughness data are shown. Generally, in Figs.
90, 91 and 93, bands are shown for conventional alloys which
include data for 2014, 2024, 2219, 2618, 7075, 7079 and 7178[30];
data for 7049[12] and 7175[12] hand forgings are also represented
in Fig. 91, Data for other die forgings in Fig. 92 are limited

to 7075[30], 7049[12] and 7175[12]. Comparisons of 7050 with
these other alloys are as follows:

Plate (Fig. EO!: Generally, the Kyo values for the 7050-T73651
are gher than those of conventional alloys of comparable yield
strengths and thickness. The two data points (circles) within
the band for the L-T orlentation and the two data points (squares)
within the band for the T-L orientation represent 6-in. plate
while the bands for conventional alloys represent thinner plate.
For the S-L orientation (triangles) all six samples of plate have
Kie values above the band.
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Hand Forgings (Fig. 91): The combination of toughness and

streng or -T73652 in the L-T orientation are about compar-
able to those of 7175-T736 and better than those of 7049-T73 and
other conventional alloys. For the T-L and S-L orientatiins the
combination of toughness and strength are in the same range as
those of 7049-T73 and the conventional alloys, and a 1little

lower than those of 7175-T736. The overall sizes of the 7050
forgings are generally larger than those of the other alloys.

Die Forgings (Fig. 92): The data for thz L-T and S-L orienta-

ons o - are comparable to those of 7175 and 7049,
but for the L-8S orlientation 7050 exhibits a higher strength-
toughness comb’nation than 7175 and 7049,

Extruded Shages (Fig. 93): The toughness of 7050-T76511 1s compa-
rable to at o he conventional alloys while maintaining yield
strengths at the higher-strength end of the range of conventional
alloys.

A.3. Axial-Stress Fatigue

A.3.1., Ambient~Alr Environment

The results of the axial-stress fatigue tests of smooth and
notched (Ky=3) specimens are shown in Figs. 94 through 128.
Curves have been drawn through data points for one sample each
of sheet, plate, hand forgings and extruded shapes for stress
ratios of +0.5, 0.0 and -1.0. For the purpose of establlishing
modified Goodman diagrams (Figs. 129 through 140) for these
samples, the curves were adjusted slightly from those drawn
through the points.

Comparisons of the fatigue data for 7050 products with curves
or bands for sheet of other 7XXX alloys are as follows:

g Sheet - Smooth and Notched Specimens (Figs. 97 and lOlg: 7050-
- ™6 TratIgue s rengths are in the same range as those of single

lots of 7075-T6, -T76 and -T73 sheet[30].

Plate - Smooth Specimens (Fig. 105 and 106%: The band shown in
¥ig. 105 Is for §-17ﬁ to 1-3§E-in. thick 7075-T7351 plate[30].
Data for one of the samples of 1-in. thick 7050~T73651 plate
(®,0) fall a 1ittle below this band between 104 and 10 cycles,
but the fatigue limits at 107 cycles fall just within the band.
The data for the other sample of 1-in. thick plate (m 5 1)
generally fall in the lower half of the band. For the 2-in. thick
plate (A ,A ) the data fall near the center of the band. No
direct comparison can be made for the 4 and 6-in. plate, but

thelr fatigue strengths are about as expected for their relatively
, large thicknesses. The data for the 1-in. and 2-in. 7050 plate

g and the data for the 1-1/4 to 1-3/4~in. plate from which the band
y was established for the 7075-T7351 plate are plotted in Fig. 106;
also shown is the band for 7075-T73XXX products[30]). The fatigue
strengths for the 2-in. 7050 plate are comparable to that of the
1-3/4-1n. 7075-T7351 plate.
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Plate - Nof.ched Sgecimens (Fig. 110): The fatigue strengths of

- are within or above the band for 7075-T73XXX products[30].
The long-transverse strengths of thc 7050 plate are generally
higher than those for the longitudinal direction and, beyond 105

cycles, are equal to or higher than those for one lot of 7075~
T7351 plate.

Hand Forgings - Smooth Specimens (Fig. 113): The longitudinal
fatigue strengths of the U-1/2x22xBh-1in. E%SO-T73652 forging fall
in the center and the long~-transverse strengths for all five
forgings fall in the lower half of the band for T7075-T73XXX
products. The strengths are lower than the strengths of smaller

sizes of 7175-T736 hand forgings[12], but appear to be about the
same as those for 7049-T73 hand forgings[12].

Hand Forgings - Notched SEecimens (Fig. 1162: The data for 7050-
orgings fall within or above the band for 7075-T73XXX
products[30]. The strengths are in about the same range as those

of 7049-T73 hand forgings[12] and a little lower than the strengths
of 7175-T736 hand forgings[12].

Dle PForgings - Smooth and Notched Specimens (Figs. 118 and 120):
The ?atggue strengths of 7050-T736 are comparable to those of
7075-T73(30], 7049-T73[12] and 7175-T736[12] die forgings.
Extruded Shapes - Smooth Specimens (Fig. 124): The fatigue
strengths o 50-T76511 shapes are about the same as those of
1.25 to 2.00-in. 7075-T7651X shapes[30]. As would be expected,
the long-transverse strengths uf the 3.5 and 5-in. thick shapes

are lower than those of the thinner 7050 shapes; the longitudinal
strengths, however, are higher than those of the thinner shapes.

Extruded Shapes - Notched Specimens (Fig. 128): The fatigue
strengths of the T050-T7€511 shapes average & few ksl lower
than those of the 1.43 and 2.0-in. 7075-T7651X shapes.

A study of the chemistry, fabrication practices and testing condi-
tions has been made in an effort to explain the low fatigue
strengths for the smooth specimens of the two samples of l-in.
plate (411050 and 411185) relative to the strengths of the 2-in.
plate (411186). The only conclusions that could be made concern-
ing the strength of sample 411185 was that this plate had a more
recrystallized grain structure than that of the 2-in. plate.
Limited evidence suggests that an unrecrystallized grain structure
will be more reslstant to fatigue damage than a recrystallized
structure. As for the other sample of 1-in. plate (KIIOSO),

which was unrecrystallized and has the lowest fatigue strengths,
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B the humidity at the time of testing may have been a factor; the

' humidity was higher when testing this sample as compared to that
when the other two samples were tested. Values up to 105 grains
of Hy0 per pound of dry air were estimated. The same lot of
l-in. plate was tested by independent investigators where the
absolute humidity values were in a range from 20 to 40 grains
per pound[31]. Their results, adjusted from 0.1 to 0.0 stress
ratio, were as much as 7 ksi higher than the 2-in. plate and

at least 10 ksl higher than the corresponding sample of 1l-in.
plate (411050). These differences in strength appear too high
to be attributed to differences in humidity alone; other variables
such as test specimens and equipment probably contributed to the
differences in fatigue properties obtained from the same lot.

A.3.2. Salt-Fog Environment

As is common in corrosion-fatigue tests, the salt-fog environ-

ment lowers the fatigue strength of all products (Table XXXIV

and Figs. 141 to 145) with the effect of environment being

greatest at the lower stresses where the exposure 18 longest

: and the effect of a notch 1s greatest. For the smooth specimens
g the failures of the specimens lastingmre than a day (1,580,000

cycles) had their origins in corroded areas, and the lives were

within the scatter band for mildly notched specimens, Ki=3 ?

; tested in air. The number of corrcsion-fatigue tests was small,

1 but the following trends can be noted for the various products:

7050-T76 Sheet - Smooth and Notched, Ki=3, Specimens (Fig. 141):

The 0.040-in. thick unnotched specimens have longer lives than

the 0.125-in. thick specimens. This 1s in variance with the

thought that comparable pits should have more effect on the

thinner sheet, which was the finding for the 7475-T761 sheet[12].

. The lives of notched specimens of the two sheet thicknesses :
] are equivalent. For medium lives the fatigue results for the !
smooth and notched 7050-T76 specimens approximate the average L
curves for the 0.040-in. 7475-T761 sheet[12]. However, beyond :
106 cycles, the 7050 specimens are affected by the emvironment to ’
a greater degree. !

T I S

7050-T73651 Plate - Smooth and Notched, Ky=12, Specimens (Fig, 142):

The corrosion-fatigue strengths of the two thicknesses of plate
were equivalent. For smooth specimens of the 7050-T73651 plate,
the fatigue strengths were in the same range as those of 2124~
T851 plate[12] for lives up to 106 cycles, For notched speci-
mens the strengths were below those of 2124-T851 plate.

IS




050-T73652 Hand Forgings - Smooth and Notched, K.,=12, Specimens
;!iii iiz;: No varlations of corroslon-fatigue sgrengfﬁs with
orging size were noted. The long-life fatligue strengths for the
smooth 7050 specimens were lower than the average curves obtained
in a previous test program for 7049-T73 and 7175-T736 hand for-
gings(12]. Similarly, the long-1ife data for the sharp-notched
7050 specimens were three to four ksi below the curve for 7049~
T73 specimens.

050-T76511 Extruded Shapes - Smooth and Notched, Kt=12, Specimens
ZEEE. iyfz: Mhe corrosion fatigue 1ives for smooth and notched
specimens of the 1.161 in. thick extruded shape were generally
longer than those from 3.5x7.5-in. extruded bar.

Comparison of Products

Average curves representing the results of the tests of two slzes
each of plate, forgings and extrudedmoducts are shown in Fig.
145 and summarized in Table XXXIV. Comparison wlth the fatigue
strengths of the sheet would not be valild because of the differ-
ent specimen types. The curves for the smooth specimens have
somewxhat different shapes but appear equivalent. However, for
the notched specimens, the curve for the 7050-T73651 plate is
consistently 1 to 2 ksi lower than those for the hand forgings
and extruded shapes.

The failures of the smooth specimens which had lives greater
than 1,000,000 cycles generally were directly related to
corrosion. In most cases a corrosion pit served as the orlgin.
However, the fallure of one 0.125-in. sheet specimen started
in an area of intergranular attack. There was no evidence of
stress-corrosion attack.

B. Fatigue Crack-Propagation Tests

Some of the plots of crack~-propagation rates show substantial
scatter and overlap. Accordingly, differences in fatigue crack-
growth rates of less than 50 per cent, in the summary Table XXXV,
are not consldered significant. There 1s generally good agree-
ment between the da/dN-AK relatlonshlps for tests made at either
low or high stress levels, with an overlapping AK range. The
effects of orientation and environments are 4Alscussed below for
the various products.

7050-T76_Sheet (Figs. 146 to 148):

a. At the lower stress 1lntensitles the rates of fatigue crack
propagation for T-L specimens of the 0.040 and 0.125-in.
sheet were comparable in each atmosphere (Figs. 146 and 1U47).
However, propagation at the higher stress Intensitles 1s
somewhat slower in the thinner sheet.




b,

d.

Equivalent propagation rates were obtained for T-L and I-T
specimens (Figs. 147 and 148).

The humid air doubles the rate of crack propagation over that
of dry alr. At the low stress intensities, propagation in
the salt-fog environment i1s 50% faster than in humid air, but
at the higher stress intensities equivalent propagation 1is
obtained in the molst environments.

The rates of propagation are comparable to those reported
for T475-T61 and T761 sheet (T-L specimens).

7050-T73651 Plate (Figs. 149 to 152):

The rates of fatigue-crack propagation for T-L specimens of
the 1l-in. and 6-in. plate are comparable in each atmosphere
(Figs. 149 and 150).

The rates of propagation for the 6-in. plate (Figs. 150 to
152) do not differ greatly with specimen orientation.

At the lower stress intensities, the rates of propagation in
salt fog are about triple and those in humid air are about
double those in dry air. At the higher stress intensity range
of 12 ksi+JAn. 1isted in Table XXXV, the rates in the two

molist environments are both about double those in dry air.

At the lower stress intensities, propagation rates of the
7050-T73651 specimens are slower than those reported for 2124-
T851 plate in dry and humid air, but the rates are equivalent
at the higher stress intensities (T-L specimens).

7050~T73652 Hand Forgings (Figs. 153 to 156):

Crack propagation 1s generally faster for T-L specimens from
the 7-1/2-in. thick forgings (Fig. 154) than for similar
specimens from the 2-1/2-in. thick fourgings (Fig. 153).

For the 7-1/2-in. forgings at the higher stress intensities,
the rates of propagation are faster for T-L and S-L specimens
than for L-T specimens (Figs. 154, 156 and 155). Propagation
is particularly fast for the S-L specimens at the higher
stress intensities. The disparity between the resistance

to crack propagation in the T-L and L-T specimens was such
that the cracks of specimens LT-1 and LT-~-2 changed to verti-
cal (longitudinal) propagation at a/W values of 0.55 to 0.60.
Near the transition, propagation at midthickness lagged
behind surface measurements rather than leading them as is




normal for specimens of this thickness. Accordingly, the
width, W, of the remaining L-T specimens was reduced to
produce specimens having an H/W ratio of 0.60 instead of
0.485. Comparison of the rates of propagation in Fig. 155
shows similar performance for Specimens LT-2 and LT-5
having the two H/W ratios. The rate of propagation showe

" a slower rate of increase as AK increases beyond 10 ksi vin.

for any of the longitudinal specimens.

The salt-fog environment generally increases the rates of
propagation significantly over those obtained in humid air,
which are, in turn, 50 to 100 per cent faster than those
obtained in dry air.

. At the higher stress intensities, propagation 1is faster (T-L

specimens) for the 7050-T73652 forging than for the 7175-
T736 forging and is comparable to 7049-T73. At low stress
intensities the rates for both 7050~T73652 and 7175-T736
forgings are slower than those of 7049-T73[12].

J050-T76511 Extruded Shapes (Figs. 157 to 160):

For the thinner shapes equivalent propagation 13 obtained in
the longitudinal and long-transverse directions in the humid
environments although, in dry air, propagation is somewhat
slower for L-T than for T-L specimens (Figs. 157 and 158).

At the higher stress intensities, the L-T specimens from the
thick shapes (Fig. 159) experienced a slowing of propagation
similar to that shown for the L-T specimens from the thick
hand forging (Fig. 155). For those specimens having H/W =
0.485, vertical (longitudinal) propagation resulted. The
data for the thinner extruded shape (Fig. 158) did not show
any such trend so the rates for L-T specimens from the thin-
ner shape are significantly faster at the higher stress
intensities.

Propagation is particularly fast for the S-IL specimens
(Fig. 160) at the higher stress intensities.

The moist environments inereased the propagation at lower
AK by factors of 3 or more.

Comparison of Products

In the thick extruded shapes and hand forgings, propagation
at the higher stress intensities occurs significantly faster
in the longlitudinal direction than transverse directions;
propagation 1s particularly fast for the S-L specimens. No
such behavior was fourid for the_ plate.




b. Generally, simllar crack-propagation behavior 1s obtained
from T-L specimens of the thinner products of the plate,
hand forgings and extrusion.

6. Except at the hlgh stress intensities, propagation of all
products in humid air and in salt fcog 13 faster than in
dry air by factors of about two and three, respectively.

C. Corrosion Characteristics

C.l. Resistance to Exfoliation

All products showed a high resistance to exfoliation in the
"EXCO" immersion test. Specimens from the T736 die forgings
showed no exfoliation, but minor exfollation was detected on
nearly all samples of T76 sheet, T73651 plate, T76511 extrusions
and T73652 hand forgings, and these samples were rated in the
E-A category, Fig. 45. One sample of T76 temper sheet was
rated E~-B, PFig. 161 illustrates the minor nature of the ex-
foliation attack in representative samples from the extruded
and plate products.

Acldified salt apray tests also developed minor exfoliation of
the degree E-A on selected samples of the extruded shapes and
hand forgings, but no exfolliation was observed on the sheet and
plate samples.

The development of minor exfolliation (degree E-A) for these
materials in these aggresslve accelerated test media 1s believed
to be of no practical importance because it has been shown by
outdoor tests in a seacoast atmosphere to be of little practical
significance for similar products of 7075 and 7178 alloys[32,33].
It is expected that 1t will be shown to be equally lnsignificant
for alloy 7050 products with the attainment of more lengthy
atmospheric exposure.

At the time this report was prepared, tests of selected samples
of sheet, plate and extruded shapes had progressed for a period
of 23 months in the seacoast atmosphere at Point Judith, Rhode
Island, with no evidence of exfoliation attack.

C.2. Resistance to Stress-Corrosion Cracking (SCC)-Smooth Specimens

Sheet ETables XL and XLV): The sheet exhiblted excellent resis-

ance to n e long-transverse direction for all thicknesses
tested. No fallures occurred in the accelerated tests even with
the highly-stressed preformed specimens. The sheet has been

equally resistant in both seacoast and industrial atmospherie
tests of 606 and 660 days duration.




PR DDA

Plate (Tables XLI and XLVI): Longitudinal and long-transverse
specimens showed good resistance to SCC. Long~time fallures
(101-182 days) did occur with specimens of either orientation,

but microscopic exemination revealed deep surface pitting and
transgranular auxiliary cracking. PFig. 162, not typical of SCC.

Short~transverse specimens also showed a high resistance to SCC.
No faillures occurred at test stresses of U5, 35 and 25 ksi

during the first 30 days of exposure, which 1s the period commonly
used for SCC evaluations of high-strength aluminum alloys.
Specimens stressed at 45 and 35 ksi did il with continued expo-
sure, and metallographic examination revealed pitting plus a
nixture of intergranular, transgranular and mixed mode auxiliary
cracking. It was concluded that fracture rnsulted primarily

from intergranular SCC (Fig. 163).

No failures have occurred with short-transverse specimens
stressed at 45, 35 and 25 ksi during exposures of 730 days in
the seacoast atmosphere and 763 days in the industrial atinos-
phere.

Hand Forgings (Tables XLII and XLVII): Longitudinal and long-
ransverse specimens Irom han orglngs were also resistant to
SCC. Failures which did occur were agaln assoclated with severe

pitting and transgranular cracking not typical of SCC.

Short-transverase specimens showed a similar high resistance to
SCC. No failures occurred during the first 30 days of exposure
at stresses of 45, 35 and 25 kel. Fallures did occur at boti
45 and 35 ksi with longer exposure, but microscopic examination
of representative specimens rrevealed deep surface pittin% and
predominantly transgranular auxiliary cracking, (Fig. 164) not
typlcal of SCC.

In seacoast atmospheric tests of 605 days duration, specimens from
two of the five forgings tested have falled at a stress of U5 ksi.
A single specimen has also fulled at 25 ksi. Microscopic examin-
ation of these specimens showed that they resulted from severe
localized corrosion and were not typical of SCC. No fallures

have occurred in industrial atmospheric tests of 665 days duration.

Die Forgings (Tables XLIII srn.d XLVIIIE: Tests of a limited number
ETﬂspecEmenn confirmed the expecte gh resistance to SCC in the

longitudinal direction. Fallures did occur after long periods of

exposure (124-182 days), but they too were not typical of SCC. MNo
long~-transverse specimens were tested.
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Short-transverse specimens from the 7050-T736 die forglngs
showed some susceptibllity to SCC in the alternate lmmersion
teat. Specimens from two of the ten forgings tested falled

in 30 days or less at a stress of 45 ksi, but no failures
occurred at stresses of 35 and 25 ksi during that perilod.

With longer exposure most specimens falled at 45 ksi; numerous
specimens falled at 35 ksi and two specimens falled at 25 ksi.
Microscoplc examination of representative test fallures
revealed a predominantly interfragmentary mode of auxiliary
cracking indicative of SCC, Fig. 165.

After 605 days of exposure, teats in the seacoast atmosphere
showed the same trends observed in the accelerated tests. SCC
failures had occurred at 45 and 35 ksi with specimens from four
of the ten forgings tested. In industrial atmospheric tests of
605 - 673 days duration, a single failure occurred at 45 ksi.
Interfragmentary nature of auxlliary cracking in these atmos-
pheric test fallures is also shown in Fig. 165.

Extruded Shapes (Tables XLIV and XLIX): Longitudinal and long-
ransverse specimens showed a high resistance to SCC similar to

the other products.

The short~transverse SCC performance of 7050~T76511 extruded
shapes was expected to be similar to that of 7075-T76511 sections
which are required to pass a 30 day test at 25 ksli. The shapes
tested, with the exception of the 1.5x7.5-in. rectangular bar,
performed as expected.

Short~transverse specimens from the 1.5x7.5-in., bar falled at a
stress of 25 kel in 30 days or less, and durlng longer exposure
fallures occurred at a stress of 20 ksi. The performance of
this shape has also been shown to be substantially below that
of other 7050 shapes in other test programs, and the results of
one lnvestigation[34] showed that this shape would have to be
overaged to lower strengths than other 7050 shapes to develop

3 the same resistance to SCC. Therefore, portions of the 1.5x

: 7.5-in. bar were given additional aging at 325 F, and tests of

short-transverse specimens from these re-aged samples showed

that the material aged five sdditional hours at 325 F (20 hours ‘

total) demonstrated the expected resistance to SCC with only a

slightly loweiing of the mechanical properties. Pertinent data

for this re-aged bar are listed below:

Longitudinal ;
| Properties Applied :
i E.C. TS ¥s EL. Stress, SCC Data
D $IIACS ksl  ksi 5 ksi F/N Days
] ~40.5  B3.7 T77.o0 136 T 55 373 5, 33,34

25 1/3 71, 2 OK 84




In seacoast atmospheric tests of 680 days duration, short-
transverse specimens have shown the same trends observed in
accelerated testa. SCC fallures occurred at 45 and 35 ksi with
each of the four sections tested, and two of the four sections
failed at 25 k&i. No failures have occurred in industrial
atmospheric tests of 721 days duration.

The interfragmentary character of auxillary cracking in repre-
sentative SCC test fallures is shown in Fig. 166.

Summary of Exfoliation Tests and SCC_Tests of Smooth Specimens

The corrosion performance of the various 7050 alloy products
tested under this contract 1s compared with proposed corrcsion
targets in Table L.

In general, the various products showed the expected resistance
both to exfoliation corrosion and stress-corrosion cracking. The
lone exception was that the exfoliation resistance of 7050-T73651
plate was slightly less than that of 7075-T7351 plate, but the
level of exfollatlion in these plate samples was only of a degree
E-A (ASTM G34-72), and 1is not consldered significant.

The SCC performance of the 1.5x7.5-in. 7050-T76511 extruded shape
indlcated a need for a modified aging practice for sections of
this type. Such modifications may result in revislion of the
tentative strength requirements; additional studles are currently
being made under an extension of AFML Contract No. F33615-73-C-
5015.

The resistance to general corroslion of these 7050 products in the
highly aggressive 3.5 per cent NaCl alternate immersion environ-
ments 18 reflected by the reduction in tensile strength data for
unstressed specimens in Tables XL through XLIV. A comparison of
the 7050 hand forging data with those for similar forgings tested
in a prior investigation[7] indicates that 7050 alloy is slightly
less resilstant to general corrosion 1in sallne environments than
other 7XXX alloys such as 7175 and 7049. The reduction in ten-
alle strength for unstressed short-transverse speclnens exposed
84 days to the 3.5 per cent NaCl alternate immersion test were

as follows: 7175-T736, 1U-24 per cent; 7049-T73, 24-32 per cent
and 7050-T73652, 32-40 per cent. The reductions for 7050-T73651
plate approached, but were lower on the average than losses fc-
short-transversge specimens of similar thickness plate of 2124-
T851: 7050-T73651, 29-38 per cent; 2124~T851, 32-45 per cent.
These data show the relative performance ot small dlameter 3pecil-
mens in a highly corrosive environment and cannot be directly
related to the structural damage that might be expected wlth
larger sectlons 1n service environments.
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Stressed tension specimens that survived the 84 or 182 day alter-
nated ilmmersion exposure to the 3.5 per cent NaCl solution typi-
cally showed higher reductions in tensile strength than the
unstressed specimens, particularly at high levels of applied
stress (this was true also for the 7175-T736 and 7049-T73 forgings
and -for the other 7050 alloys products). A prior investigation
of accelerated SCC test procedures[35] showed that such accelera-
tion of corrosion losses under the application of stress can result
from the presence of fine transgranular cracks emnanating fron
surface pits. Such cracking is not considered to be indilcatlve

of susceptibllity to SCC.

C.3. Reslstance to SCC-Precracked Specimens

Tables LI through LIII list the plate, die forgings, and extruded
shapes which were tested with short-transverse (S-L), teasion
precracked DCB specimens. Pertlinent measurements and initlal
(K11) and final (Krt) stress-intensity calculations are listed
for the individual test specimens. The results of plane-straln
fracture tough:iess tests or these materlals are also shown.

Figure 167 illustrates the increase in crack length during expo-
sure. Bands are shown to 1llustrate the range of results seean
with various samples ol each product; representative crack-
growth aurves for DLCB specimens from 7079--T651, 7075-T€51 and
7075-T7391 plate are &lso shown. 1individual crack-growth curves
I'opr specimens from each of the 7050 products tesvad were shown

in the tenth bl-monthly progress report.

A small amount of crack growth was noted in the specimenc from
the 7050-T73651 plate, slightly more than that seen in :.m!lar
tests of 7075-T7351 plate, but conslderably less than that
incurred 1n tests of susceptible plate materials such as 7075~
T651 and 7079-T651. Specimens from the 7050-T736 die forgings
and 7050-T76511 extruded shapes experienced significantly greater
amounts of crack growth than specimens from the plate, Although
comparative data are not avallable for similar products of other
alloys, 1t 1s considered significant that the greatest amount of
crack growth seen 1n tests of elther die forgings or extruded
shapes was also somewhat less than that developed in the 7075-
T651 and 7079-T651 plate.

Metallographlic examlnaticn of representative specimens showed
that the environmental crack growth 1n each product was the
result of typical intergranular SCC. Figs. 168 through 170
illustrate the intergranular or interfragmentary nature of the
SCC in the various products. No transgranular cracking was
detected 1in the precracked specimens.
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Crack=-growth rate versus stress intenslty data were also devel~-
oped for each of the products tested. However, before consider-
ing these data, several pertinent observations must be made.
Plastic bending occurred in the arms of most specimens during load-
ing to pop-in. This bending generally was rather slight for most
of the dle forged and extruded specimena, and had little signifi-
cant effect on the level of calculated stress-intensity; i.e., the
K13 values agreed well with the valid Ko values determined with
compact tension specimens (Tables LII and LIII). The plasticity
effects resulted in scmewhat higher COD measurements for the plate
samples, and the calculated stress-intensities were inordinately
high (Table LI). FExcescive stress-intensity values were also
noted for certain die forged specimens due to the crack front
deviating from the lntended plane of fracture (Fig, 17); data for
these dle forged specimens were not utilized in the K-rate deter-
minations.

"Plateau" velocities for the K-rate curves were determined by

an arbitrary procedure tc¢ avoild the erratic shapes of crack-
growth curves during the initiation of SCC, and the extraneous
effect of corrosion product wedging. The total amount of crack
growth in inches that occurred during the first 360 hours (15
days) was used to calculate the overall average growth rate for
that period. This method was found to best represent the initial
sustained cra:k growth which is considered to be one of the most
significant features of the K-rate graphs.

The Ky rate data for the 7050 alloy products are illustrated in
Fig. I72. Data for plate of alloys 7079-T651, 7075-T651 and
7075-T7351 again are shown for comparison. The data showed SCC
"plateau" velocities for the products tested of:

SCC_Velocity, in./hr.
Product Range Average

7050-T73651 Piate 7.5 x 18-5 to 1.4 x 10-4
3 x 10~

7050-T736 Die Forgings 2.9 x 1o-~ﬁ to 4,5 x 10-4
7.9 x 10~

7050-T76511 Extruded 3.3 x 104 . 5.8 x 10~4

Shapes 8.2 x 10-4 tO

The data provide questionable values of Kith due to the high
'‘calculated stress intensities (non plane-strain) for the plate,
and the fact that crack growth in specimens of the die forgings
and extruded shapes did not reach an actual arrest due to cor-
rosion product wedging. However, 1f the threshold stress
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intensity 1s expressed as a ratio of final and initial calculated
stress intensities for individual specimens

KI£
K11 (Pop-in)

the data provide estimated Kith values of:

Product Apparent KIth
7050-T73651 Plate . 81-95% K11
7050-T736 Die Forgings 58-~80% K11
7050-T76511 Extruded Shapes 54-79% K11

Since the calculated K13 values for the die forgings and extruded
shapes showed good agreement with valid Ky values, these are con-
gidered to be reasonable approximations of Kitnh for those products.
Although these estimated threshold stress intensities may be
considered technically invalid (due to plasticity effects or
curvature of the crack fronts), they are considered meaningful
because there 1s ample evidence to show that the occurrence of

SCC in aluminum alloy products does not require a plane-strain
state of stress.

Supplemental Tests - Ring-Loaded Compact Tension Specimens

As a result of the experimental difficulties encountered in
estimating threshold stress intensities by the "crack-arrest"
procedure discussed above, a limited number of addit*onal tests
were conducted to check the apparent threshold stress intensity
for a single lot of both the plate and extruded shapes by the
"erack-initiation" procedure. Detalls of the latter procedure
are given in a paper (36) presented at the 1974 Tri-Service
Conference on Corrosion of Military Equipment and to be published
in the proceedings of that conference.

Table LIV summarizes the results of ring-loaded SCC initiation
tests of compact tension specimens (S-L orientation) from one
lot of 4-in. thick plate and the 5.0x6.25-in. extruded shape.
The specimens were fatligue precracked prior to loading, and the
corrodent was a 3.5% NaCl solution applied dropwise three times
daily except for weekends and holidays.




Applied stress intensity values were chosen to cover a range
extending below the threshold values indicated by the DCB tests.
Target values for specimens from the 7050-T73651 plate were
therefore chosen at 98, 90, 85 and 75 per cent of the critical
stress intensity. The calculated initial stress intensity (Kri)
was generally higher than the target value, and the specimen
loaded to the target value of 98% Ky. actually exceeded the
critical stress-intensity factor with attendant rapid fallure.
SEM examination of the fracture indicated that the fallure hed
not been environmentally assisted. The remaining samples loaded
to Kyy values of 96, 88 and 79 per cent of Kyc all showed small
but significant amounts of crack growth which subsequent fracto-
graphic or metallogranhic examination showed to be intergranular.
and typical of SCC. The crack-growth rate was very slow in all
specimens, and the specimen loaded to the Kyi level of 79% Kie
had not failed prior to removal from test at 3600 hours (150
days), indicating that this value of Ky4 was very close to the
threshold stress intensity.

Specimens from the 7050-T76511 extruded sectlion loaded to KIi
values cf 85, 75, 62 and 53 per cent of Kye all showed signifi-
cant amounts of environmental erack growtg which fractographic
examination confirmed to be SCC. The SCC growth developed very
slowly in the specimen loaded to 53% Kic, and failure did not
oceur until 2860 hours (120 days), suggesting that this specimen
was loaded only slightly above the threshold stress intensity.

The apparent levels of Krtp indicated by the ring load, "crack-
initiation" tests are listed below together with the range of
apparent KItnh values estimated by the "crack-arrest" tests
discussed in the previous section.

Apparent K

_ Ith

Ring Load, Compact Bolt Load, DCB
7050-T73651 Plate 78% Kre 81-95% K1y
7050~T76511 Extruded Shapes 50% Kre 54-79% K14

There appears to be reasonable agreement between the threshold
stress-intensity values estimated by the two test procedures.




P U T

SECTION VI
SUMMARY AND CONCLUSIONS

Alloy 7050, developed to have a combination of high strength,
high reaistance to corrosion and good fracture toughness, has
been evaluated for mechanical properties and corrosion resis-
tance from tests of T76 sheet, T73651 plate, T73652 hand for-
gings, T736 die forgings and T76511 extruded shapes produced
by commercial practices. Based on these test results the
following summary statements and conclusions have been made:

GENERAL

Commerclally produced products of 7050 are capable of developing
a combination of high strength, high resistance to corrosion and
good fracture toughness that 1s more attractive than that of
commercially established alloys.

A. Mechanical Properties

1. The minimum tensile yleld strengths, tentatively selected
on the basis of yileld strength-corrosion resistance correla-
tions, appear reasonable, with the possible exception that
for certain extruded shapes it may be necessary to lower
either the minimum and maximum yield strengths or the tenta-
tlve stress-corrosion test capability based on the results
of the corrosion tests.

2. The maximum yleld strengths for plate and hand forgings
greater than 3-in. in thickness have been increased on the
basis of data obtained in this contract.

3. Based on yleld strength~ultimate strength relationships,
the minimum ultimate strengths, with the possible exception
of those for plate, should be reevaluated when sufficient
productlion data are obtailned.

4, Deaign mechanical properties have been established using
derived minimum ratios developed statistically from ratios
among tenslle, compressive, shear and bearing properties.

5. The modulus of elasticity values of 7050 products are generally
within 2 per cent of those of other 7XXX alloys. Above 25 ksi
the compressive modulus increases as the stress increases.

:-?/‘-3.




The average modulus values of each product are as follows:

0 _to 25 ksi 0 to E.L.*
Product Temper ension Compression Eomgression
Sheet 776 10.2 10.5 10.6
Plate T73651 10.3 10.5 10.6
Hand Forgings 773652 10.2 .5 10.6
Die Forgings T736 10.2 10.5 10.7
Extruded Shapes T76511 10.3 6 10.7

% Stress range: 0 to elastic limit

6.

2.

Tensile and compressive stress-strain curves for five samples
of each product, shown in Figs. 51 to 83, represent data
sultable for use in establishing typical tensile and compres-
sive stregs-strain curves when sufficient production data are
obtained to set typical tensile properties.

A.2. Fracture Toughness

No K, data for tests made with anti-buckling guides are
avallable for other sheet alloys for comparative purposes,

but the strength-toughness combination indicated for 7050-T76
sheet 13 higher than most conventicnal alloys and can approach
that of 7475 sheet. Tests of 0.063-in. sheet indicate that
the strength and toughness levels obtained for 7050- T76 are
dependent on composition.

Generally, 7050 plate, hand forgings, die forgings and
extruded shapes exhibit a higher combination of strength

and toughness, Kie, than established commercilal alloys
and tempers,

A.3. Axial-Stress Fatigue

The axlal-stress fatigue strengths for smooth and notched,
K¢=3, specimens of the 7050 products are in about the same
general range as those for corresponding products of 7XXX
alloys in the T7TXXX tempers.

The fatigue strengths of 7050 plate, hand forgings and
extruded shapes tested in salt fog are generally equlvalent.

The effect of the salt-fog environment 1s greatest at the
longer lives; at these lives the corrosion fatigue strengths
of the 7050 products are somewhat lower than reported for
T475~T761 sheet, 2124-T851 plate and 7049-T73 and 7175-T736
hand forgings.
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B. Fatigue-Crack Propagation

Simllar crack propagation is generally obtained from T-L
specimens of the thinner products of the plate, hand
forgings and extruded shapes.

At the higher stress intensities, crack propagation occurs
significantly faster in the longitudinal direction than in
the transverse direction of the thick extruded shapes and

hand forgings; no such behavior occurs in plate.

Propagation in humid air and in salt fog for the various
products tends to be faster than in dry air by factors of
about two and three, respectively.

The rates of propagation for T-L specimens are generally
comparable to those reported earlier for tests of corres-
ponding products of other aircraft alloys.

C. Corrosion Characteristics

All products showed a high order of resistance to exfoliation
in the accelerated test media, generally showing either no
exfoliation or only minor exfoliation (visual rating of degree
E-A) which is not considered to be of practical significance
in regard to service performance.

The sheet, plate and forged products all showed good resls-
tance to stress-corroaion cracking, in line with the proposed
targets for resistance to SCC (Table L).

The extruded shapes, with the exceptlion of short-transverse
specimens from the 1.5x7.5-in. rectangular bar, also demon-
strated the SCC resistance expected of the woduct. Addl-
tional aging at 325 F (5 hours) developed the expected level
of SCC resistance in the 1.5x7.5-1n. rectangle with some
decrease in mechanical properties.

Atmospheric test results have shown no SCC failures of
speclmens of sheet, plate and hand forgings in tests of

605 and 763 days duration. Seacoast atmospheric failures
have occurred at stresses of 35 ksl with specimens from
four of ten T050-T736 die forgings tested, and at 25 ksi
with specimens from two or four 7050-T76511 extruded shapes.
In the industrial atmosphere only one specimen of a die
forging has falled at U5 ksi.
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5. Tests of precracked DCB specimens from the plate, dile forgings
and extruded shapes showed the same general trends seen with
tests of smooth specimens, and would result in a similar rank-
ing of the three products. Analyses of the crack-growth data
resulted in the following estimates of average Scc "plataau"
velocitles and Krith.

Ring-Loaded

Crack Compact
Product Veloelty KIth KTth

in./hr. 2K14 2K1e
7050-T73651 Plate 1x10-4  B81-95 78
7050-T736 Die Forgings 5x10-4 58-80 -

7050-T76511 Extruded Shapes 6x10-4 54-79 50
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Fig. 46 - Preformed Blank and Sheet Tensile Specimen End Loaded
For Corrosion Tests.
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Fig. 47a 1/8-in. Diameter Tenaile Specimer, Various Parts
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Fig. 47b Synchronous Loading Device Used to Stress Specimens.
Stressed Assembly and One Assembled Finger Tight
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Fig. 161

Mag. 226X

Longitudinal Section at T/10 Plane of 0.665-in. Thick
7028-T76511 Extruded Section. >

A TR L et T
S. No. 411186-A Mag. 225X

Lonsitudinal section at T/10 Plane of 2,00-in. Thick
7050-T73651 Plate

Photomicrographs Illustrating Minor Exfoliation Attack
in Alloy 7050 Products Exposed U8 Hours to "EXCO" Test.

Note the corrosion is primarily an undermining pitting
type of attack.
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S. No. 411354=N5 Mag. 75X
2 x 8-in. Forging, Stressed

“‘“4' ’P R A T

S, No. 411353-N5 Mag. 76X

P

Wb

3 . . ._l‘:&‘ .:-o

\ ', _‘9\ ’ f
R\ A W "0&.- ;
EROEE REVEEN
Y 2 :{i .,': !
vt CLE
LI A L BRI 1
IR A v
i&-ij‘”; 1 B

"u v ':'“-“.-"I o, |\ \

[ I O e oy \ : '
] “.\'ér‘. 2\ L SR "; LU
Meg. 400X
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5.5 x 22-in. Forging, Stressed 45 ksi - Failed 71 Days

'Fig. 164 Photomlicrographs Illustrating the Predominantly Transgranular

Nature of Auxilliary Cracking in Short-Transverse Speclmens
From 705C-T73652. Hand Forgings

Flg. 164

JEPRUIIY "IN S

PRSI SOy S L PR

e Oadde Al M




I LRI BAEE 2 LT ol 7
agr b F R D R

S. No. F11333-N7 Mag76X 8. No. 411233- 5 eg. 78X

Stressed 35 ksl - Falled 53 Days Stressed 45 ksl - Failed 42 Days
3.5% NaCl Alternate Immersion

ek
_ 3 :}'..f_‘ .";‘J"‘-.
3, No. '+11332-N2" Mcg. 76X S. No. 411233-N1% Mag 75)(
Stressed 45 ksi - Failed 139 Days Stressed 45 ksi - falled 329 Days
Seacoast Atmosphere Industrial Atmosphere

Fig. 165 Photomicrographs Illuastrating the Predomlnantly Interfragmentary
Nature of Auxiliary Cracking in sShort-Transverse Specimens from
T050-T736 Ile Forgings Exposed to Accelerated and Atmospherioc

. Fnvironments.
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Pig. 167 3treseCorrosion Crack Grovth of Alloy 7050 Products in 3.5€ NaCl
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S. No. ¥#10778

Fig. 168 Illuatrates Fracture Surface and Intergranular Nature of

Cracking at the Tip of the Stress - Corrosion Crack in
Short-Transvers? (S5-L) LOCB Specimens from 2-in. Thick
7C50-T73651 Plate.

Fig. 168
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Mag. 1.6X

Mag. 226X
3. No. 411233

Fig. 169 Illustrates Fracture Surface, Crack Profile and Interfragmentary
Nature of Stress-Corrosion Crack Growth in Short-Transverse (9-L)
IUCB Specimens from 4,001 - 5.000-in. Thick 7050-T736 Die Forging.
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Fig. 170 Illustrates Fracture Surfaces and Interfragmentary Nature

of Stress-Corrosion Crack Growth in Short-Transverse (3-1)
DCB Specimens from 7050-T76511 Extruded Shapes.

Fig. 170
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Mag. 226X
5. No. 411392

. Fig. 171 TIllustrates Fracture Surface, Crack Profile and Interfragmentary
b Nature of Stress-Corrosion Crack Growth in Short-Transverse (5-L) ]
. . DCB Specimen from 2.001 - 4.000-in. Thick 7050-T736 Die Forging. K
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TABLE XXII

Computed Design Mechanloul Propertioes
of 7050~176 Sheet

ALLOY SPECIFICATION
F _Sheet
TEMPER . 76
CROSS -SECTIONAL_AREA,inf
THICKNESS, in. i 2.040- 4 0,090-10. 188,
0,084 0. 187 1o, alag
BAS!S Tentative
]
tu, kei LY 78 78 78
(R 78 8.
Fry, ksi L) ol 71
Ty 69 69 69
FMI L] 69 19 i
LIl 73 73 71
M 46 46 45
F s PRV BT 121
¢/022.00 150 158 158
._.._..._ILL.I.II‘ /0=1.80 o3 N 99
9/0%2 0f 106 111 111
e, per cent L 8 8 8
LTl 8 8 8
IR
£, 107 ksi 10,2
'EEL|03 ksl } 10,6
G, 10% kel 1.9

et

JREPSIESRTR S U - N S

e e S~ AL O . y A .
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TABLE XXIII
Computed Design Mechanical Properties of 70%50-T73651 Plate

i
1
]
|

ALLOY SPECIFICATION AMS 1050
. FORM Plate i
i JEMPER __ 173651 ,'
3 CROSS~SECT!ONAL AREA,in? .
- i
" \ .250-10.500- | 1.001-41.501- | 2. 001-13.001- -1 5,001~
THICKNESS, in. { 0.250-]0.500- | 1.001 501- | 2.001-13.091- | 4. 001-] 5,001 g
. 0,499 11,029 131,500 12,000 |3.000 |n.000 ]5,000 I 6.000 i
BASIS 3 S S S 5 5 S 3 f
. ' MECHANICAL PROPERTIES .
o8 tu, ksi L 71 71 ay 73 71 £9 67 66 ;
LT 72 72 72 72 72 70 £8 [ :
3 I . - | 68 66__ | oh 63 !
3 i
. Pty ksi Ll 63 | 61 | 61 | 63 Go | a8 56 i
3 LT) 63 | 63 53 | 63 | 63 co | 58 56 E
STy - o -- - 59 56 o4 53 D
Foy, ksi LI & £2 61 6 60 57 5 52 I
U LT 65 65 65 65 66 63 61 59
., sT] -. == == - 62 £ =8 57 !
. \'. .
s Fyy, ksi 4y ) 40 13 43 up A ap b2 :
Vﬁk. Fhru . ksi e/D=1. 50 100 | 10h 108 | 130 | 110 107 | i, 103
’ e/D0*2.0] 147 137 137 1 au2 b oaus 38 130 132
Phey, ksi e/D=1.5] a5 g5 8o 91 91 a9 57 85
4 8/022.0 161 101 101 102 103 102 169 98
&
. e, per cent L g 0 g 9 9 g 9 8 v
LT) ¢ G 6 4 g 4 3 5
STl -- -- - -- 2 2 2 2
£,10° ksi 10,3 -
Eg, 103 ksi 0.0
G, 10> ksi . 3.9 —
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TABLE XXIV

Computed Design Mechanical Properties of 7050-T73652 Hand Forgings ;

AN A ]
ALLOY SPECIFICATION AMS 4108 $
FORM Hand Forgings !
TEMPER T73652
CROSS-SECTIONAL AREA, in2
. 2.001- [3,00L- [4.001- ] 5.001-]6.001- | 7.001- )
THICKNESS, in. {,;z.ooo 3,000 [.000 [5.000 [6.001 }7.001 ]8.001 !
BASIS s ) S S 3 8 S
AR _
HANICAL PROPERT :
tu, ksi L 72 72 71 70 69 68 67 ;
LT 71 70 70 69 68 67 66 .
ST} _-- 67] 67 66 66 65 64 i
§
Fiy, ksi N 62| 61 | 6o | 59 | s8 | 57 ‘
LT] 61 60| 59 58 56 54 52 !
3T -- 55 55 54 53 51 50 i
- 4
Foy, kei L 6u 63| 67 61 60 59 58 |
LT 65 64 63 62 60 58 56 .
ST - 61] 61 60 59 57 55 !
Fou ksi 4z sl w1 | m ho_| 39 39 ’
Pheu kel e/D=1.5] 100 99| 99 97 96 95 93
e/D22.01 131 130] 130 128 106 124 o0
Fory, ksi 8/D=1.5] 8¢ 85] 83 82 79 76 73
e/D=2.0] 1ol 100 98 96 93 90 86
¥
: ¢, per cent L 9 9 9 9 9 9 9
LT 5 5 5 u 4 [ 4
ST - 4 [ 3 3 3
1 E_‘ IO§ ksi 10,2
: P Eq, 10° Kksi 10.6
X Y
\ 14
{ G, 10° ksi 3.5
3




)
TABLE XXV
Computed Design Mechanical Properiles of 7050-T736 Die Forgings
:
ALLOY SPECIFICATION AMS hl07 - -
FORM Die Forgings 4
TEMPER T736
CROSS-SECTIONAL AREA,in2 -
. . 1.001- |>,001- |3,001~ | 4.001-]5.001- :
THICKNESS, in. { £1.000 | 2,000 [3,000 {4,000 |5.00C (6,000 y
BASIS 3 g o g S g
MﬁgﬂAul%AL PROPERTIES
fu, ksi L1 w e ol 11 70 10
TR &8 [ 6y (14 A 66
~ Fey, ksi Ll o [l 61 061, 60 59
Ty o6 g 55 55 54 54
Toy, kei L] 63 3 03 (3 3 A
T =8 56 57 St 55 sl .
1
Fsy, kai R Lo i) Uy % 5
3
Fhru,.xsi ¢/D=j 5] no g4 as 93 97 97 '
: ¢/D=22.0f 1:2 141 109 1.°G 137 1.7
|
o Fory. ksi e/D=1.8] 7 T N IR
2 : e/D=2.0] o u5 G5 23 9”
e, per cent L v 7 7 t 7
T : [N I [ 3 3
E, 105 ksi T
Ee, 107 ks L
G, 10° ksi ]




TABLE XXVI
Computed Design Mechaniocal Properties of T050-T76511 Extruded 3hapes

776511
220

7 Ai _Extruded Shapes

19.250- | 0,500-10,750- | 1,000- 1.5caﬁm,__m
0.499 0,749 10,999 499 1 1,999 12, 499 | 2,999
Tentative

81 81 81 81
80 129 79, 78

81 81
76 75

o 54

73 72 72 12 12 12 12
69
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TABLE XLVIII :
STATUS OF ATMOSPHERIC SCC TESTR OF 7050-T736 DIE FORGINGS
{NASC Contract No. N00019-72-C~0512) i
Sampls ‘ e
ickness Btress-Corrosion Cracking bata .
Range, T3 kel IY kel 4% ksl
In. Nusber ¥F7H+ — DBaya F/N ~_ Tays ¥/ Days :
; Seacoast Atmosphere : ,
€1.000%* 411242 0/3 oK - 608 0/3 oK - 605 ' 0/ oK ~ 60%
<1.000 411331 0/3 OK - 605 0/3 ov, - 605 0/3 oK - 605 ,
1.001-2.000 4113151 0/3 OK ~ 605 0/3 OK -~ 603 0/3 OK - 60% '
1.001-2,000 411291 1/2 139, (2-0K~-60%) 1/3 271, (2-0K~-603) 0/3 oK - 605
1.001-2,000 411297 0/2 oK - 605 0/3 OK - 608 0/3 oK - 608 ?
3.001-4,000%* 411392 0/3 OK - 608 0/3 OK - 605 0/3 OK - 605
2.001-4.000 411322 33 139,139,139 2/3 139,360, (1-0K-603) 0/3 OK - 605
: 4.001-5.000%* 411244 071 OK - 605 0/3 OK - 60% 0/3 oK - 605 :
4.001-5,000 411233 373 139,139,185 3/3 271,360,369 0/3 OK - 605
6.001-7.000 411303 3/13 139,139,139 /3 139,139,360 0/3 OK - 605
!
Industrial Atmosphere
<1.000%* 411243 0/3 oK - 673 0/3 oK - €73 0/3 OK -~ 622
<1.000 411331 0/3 0K - 673 0/3 oK ~ 673 0/3 OK - 671 i
1.001-2.000 411351 0/3 0K - 605 0/3 oK - 605 0/1 0K - 60%
1.001-2.000 4112R] 0/3 oK - 671 a/3 oK - 673 0/ oK - 673
1.001-2.000 411297 0/3 oK - 67} a/1 oK ~ 673 0/3 OK - 673
i 2,001-4,000%* 411392 0/3 oK - 605 a/3 OK - 60% 0/3 oK - 60%
L 2.001-4.000 411332 0/13 oK - 673 0/3 oK -~ 673 0/3 OK - 673
4.001-5,000%* 411244 0/3 oKX - 60% 0/3 OK - 605 0/3 OK - 605
4,001-5,000 411233 172 329, (2-0K-673) 0/3 OK - 67) 0/3 oK -~ 673
6.001-7.000 411303 0/3 oK - 673 { 0/3 oK - 673 0/3~ OK - €13

Note: 0.12% in. diamotar short-transverse tensile specimens.

+ F/N denotes numbar o* specimens failed over number expused.

' en  producer B; all others from Producer A.
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TABLE LI
OF FRICRACSID SPECTINERS PRON
holt
three
growth,

44 55 59 9 89 80 o8

€0 ©0 O OO0 00 ©O

{S-L) doudle sastilever beam
, ¥5% R.E. plus 3.56 MaCl dropwise

.'
* Includes both the mschanics! precreck and the environmeotal cresk

CERCEREE IR R

SULPS OP SCC
Tost
~Specimsn

Short~t.
ALr at

......

—Jshar
11185
11186
10778
10777
1msy
11300

Tret Environsent.

Saspla
Bote: Test Specimen:
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TABLE LIII

RESULTS OF SCC TESTS OF PRECRACKED SPICIMERS PRON

Plane-Strain
Frecture
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plus 3.9 NaCl dropyise thres times a day or 0 days.

* Inclwdes bot: the sschapical precreck and the environsantal crack growth.

** Producer B, sll others from Producer A.

°?, ¥5° R.N.

Hotes: Twet Specimen: MQTM (S-L) doudble cantilever deam hclt loeded to pop-in.
Test Bovironmant: Alr at
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Table LV (conc.)

PATIGUE CRACK-GROWTH DATA FOR 7050-176 SHEET
Corstant Load Tests, Stress Re:i. > +3/3
NASC Contract NOOOl:-77 C-0412
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Table LVI

PATIGUE CRACK-GROWTH DATA FOR 7050-T73651 PLATE
Constant Load Tests, Stress Ratio = +1/3
NASC Contract N0O0019-72-C-0512
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fig. 42.
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Table LVI (conc.)

PATIGUE CRACK-QROWTH DATA FOR 7050-T73651 PLATE
{ Constant Load Testa, Stress Ratio = +1/3
NASC Contract N90019-72=C=0512
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Notes: CT = Compact tension crack growth specimen,

Fig. l2,
Crack lengths measured from loac line.

T = Specimen thickness.
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Table LVII

FATIGUE CRACK-GROWTH DATA FOR 7050-T773652 HAND FORGING
Constant Load Tests, Stress Ratlio = +1/3
NASC Contract N00019-72-C-0512
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Table LVIX(conc.)

PATIGUE CRACK-GRCWTH DATA FOR 7050-T73652 HAND FORGING

Constan: Load Tests, Stress Ratio = +1/3
NASC Contract NC0019-72-C-0512
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