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1. Scope Products Using the Breaking Load Method

1.1_ ThIS test m_ethod covers a unlform_ procedu_re for charf3 Summary of Test Method
acterizing the resistance to stress-corrosion cracking (SCC) of . ) ,
high-strength aluminum alloy wrought products for the guid- 31 This test method provides a comprehensive procedure
ance of those who perform stress-corrosion tests, for those wH8F @ccelerated stress-corrosion testing high-strength aluminum
prepare stress-corrosion specifications, and for materials engil!oy product forms, particularly when stressed in the short-
neers. ransverse grain direction. It specifies tests of constant-strain-

1.2 This test method covers method of sampling, type of°aded, 3.18-mm (0.125-in.) tension specimens or C-rings
specimen, specimen preparation, test environment, and meth§P0sed to 3.5 % sodium chloride (NaCl) solution by alternate
of exposure for determining the susceptibility to SCC of 2xxx immersion, and includes procedures for sampling various
(with 1.8 to 7.0 % copper) and 7XXX (with 0.4 to 2.8 % manufactured product forms, examination of exposed test
copper) aluminum alloy products, particularly when stressed iSP€cimens, and interpretation of test results.
the short-transverse direction relative to the grain structure. L

. ) 4. Significance and Use

1.3 The values stated in Sl units are to be regarded as g

standard. The inch-pound units in parentheses are provided for4-1 The 3.5 % NaCl solution alternate immersion test pro-
information. vides a test environment for detecting materials that would be

1.4 This standard does not purport to address all of thelikely to be susceptible to SCC in natural outdoor environ-

safety concerns, if any, associated with its use. It is thd"€nts, especially environments with marine influent&skEor

responsibility of the user of this standard to establish aploro_determining actual serviceability of a material, other stress-

priate safety and health practices and determine the applicaS0rrosion tests should be performed in the intended service
bility of regulatory limitations prior to use. environment under conditions relating to the end use, including

protective measures.
2. Referenced Documents 4.2 Although this test method is intended for certain alloy
2.1 ASTM Standards? types and for testing products primarily in the short-transverse

G 38 Practice for Making and Using the C-Ring Stress-Stressing direction, this method is useful for some other types
Corrosion Test Specimens of alloys and stressing directions.

G 44 Practice for Exposure of Metals and Alloys by Alter- 5 |
o : ) ; . Interferences
nate Immersion in Neutral 3.5% Sodium Chloride Solution ) o i
G 49 Practice for Preparation and Use of Direct Tension °-1 A disadvantage of the 3.5 % NaCl solution alternate
Stress-Corrosion Test Specimens immersion test is that severe pitting may develop in the

G 139 Test Method for Determining the Stress-CorrosiorsPecimens. Such pitting in tension specimens with relatively
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small cross section can markedly reduce the effective crossrom a side of the plate. (The side of the plate is defined as the

sectional area and produce a net section stress greater than #uge parallel to the rolling direction.)

nominal gross section stress, resulting in eithayfiacture by 7.2.3 Hand Forgings—Short-transverse specimens shall be

mechanical overload of a material that is not susceptible tdaken so that the stress is applied in a direction perpendicular

SCC; or p) SCC of a material at an actual stress higher tharto the forging flow lines. The region of maximum stress shall

the intended nominal test stress. The occurrence of either dife centered in the forging thickness and approximately on the

these phenomena might then interfere with a valid evaluatiofongitudinal center line of the forging, no less théh the

of materials with relatively high resistance to stress corrosionsection thickness away from “as-heat treated” edges of the
forging.

6. Test Specimen 7.2.4 Die Forgings—Because of the wide variety of con-
6.1 Type and Size-No single configuration of test specimen figura}tions of die forgings, guidelines are provided for only
is applicable for the many complex shapes and sizes geertain common types of shapes that are widely useq. Shor.t—
products that must be evaluated. A tension specimen is pr(_gr_ansv_erse_spemmens _shall be taken so _that the stress is ap_phed

ferred because it more consistently provides definite evidendd @ direction perpendicular to the forging flow lines and, if

of cracking and should be used whenever the size and shape #SSiPIe, with the region of maximum stress centered on the
the product permits; it also provides a more severe test. parting plane. The metal flow pattern in die forgings cannot

6.1.1 Tension SpecimenThe diameter of the reduced sec- always be predicted, so only a few general rules are given, and
tion shall be 3.17+ 0.03 mm (0.125+ 0.001 in.). they are illustrated in Fig. 1. Departures from these rules
6.1.2 C-Ring (see Practices G 38)The use of C-rings should be made only on the basis of a study of forging flow

permits short-transverse tests to be made of sections that dfges indicating that the intended type of test would not be
too thin or complex for practical tests with a tension specimenobtamed. In every case, a diagram should be filed with the test

C-rings may be of various sizes as required for the product tgesults to illustrate specimen locations and orientations.

be tested, but in no case less than 15:88.05 mm (0.625+ 7.2.4.1 Flanges—The centerline of the specimen shall be
0.002 in.) in outside diameter. The ratio of diameter to wall12-70% 1.27 mm (0.500= 0.050 in.) from the base of the fillet

thickness shall be kept in the range from 11:1 to 16:1. of the flash except for flanges that are too thin, in which case,
6.2 Stressing Direction ' ' the specimen should be centered.
6:2.1 Short-Transverse Tests 7.2.4.2 Flat-Top Die—The tension specimen should be

6.2.1.1 For specified material thicknesses of 38.10 mnperpendicular to the parting plane and, if possible, centered in

(1.500 in.) and over, the tension specimen shall be used. the width.

6.2.1.2 For specified material thicknesses of 17.78 through

38.08 mm (0.700 through 1.499 in.), a C-ring shall be used. A

tension specimen may be used if consistent with the provisions

of Practice G 49. — T 12(-(7)(’55013(7) SO

6.2.2 For other stress directions in materials of 6.35 mm B
(0.250 in.) and over, the tension specimen shall be used. ¢

6.3 Surface Preparatior-Test specimens shall be de- ’

greased prior to exposure. )

|

l

|

I

(a) Flange

7. Sampling and Number of Tests

7.1 Unless otherwise specified, tests shall be performed in
the short-transverse direction; the intention is to orient the
specimen so that the applied tensile stress is perpendicular to 152 £ 095 mm
the metal flow lines and in the short-transverse direction (0.060 + 0.010 in)
relative to the grain structure. In rolled or extruded sections /
that are approximately round or square, there is no true
short-transverse direction because in a transverse plane the
grains tend to be equiaxial; and, in such cases, the stress should
be directed simply in the transverse direction. If, in certain
unusual cases, the grain structure is or tends to be equiaxiall{.
also in the longitudinal direction, the stress shall be applied in
a direction parallel to the smallest dimension of the product.

7.2 Location of Specimens

7.2.1 For products stress relieved by stretching (TX51,
TX510, TX511, TXX51, TXX510, TXX511), samples shall not
be taken from the portion under the stretcher grips.

7.2.2 Rolled Plate—Short-transverse specimens shall be Note—Similar to that of typical machined part.
taken so that the region of maximum stress is centered on the:g. 1 Recommended Specimen Type and Location for Various
mid-plane of the plate and at least-late thicknesses away Configurations of Die Forgings

(b) Flat-Top Die

NotTE 1.52 £ 0.25 mm
plp (0.060 = 0.010 in.)

(¢) Boss or Small Cylinder
1270 + 1.27 mm
(0.500 £ 0.050 in.)
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7.2.4.3Boss or Small CylinderThe C-ring specimen 9.3.1 Interim Inspection
should be centered on the parting plane and with the outside Visually inspect specimens each working day for evidence of
diameter of the ring being 1.52 0.25 mm (0.06G+ 0.010in.)  cracking without removal of corrosion products. Inspection

from the forging surface (see Fig. 1). may be facilitated by wetting the specimen with the test
7.2.4.4Large Cylinder—The centerline of tension speci- solution and by examination at low magnifications.
mens shall be 12.7& 1.27 mm (0.50G= 0.050 in.) from the 9.3.2 Final Examinatior—Perform final examination at a

base of the flash. If a C-ring is required, its outside diametefagnification of at least 10X on all surviving specimens after
shall be 1.52= 0.25 mm (0.060+ 0.010 in.) from the forging cleaning them in concentrated (70%) nitric acid (HN@t

surface (see Fig. 1). . room temperature followed by a water rinse. Section and
7.2.5 Extruded, Rolled, or Cold Finished Rod, Bar, and metallographically examine any C-ring that is considered
Shapes suspect, as evidenced by linear pitting, to determine whether or

7.2.5.1 Width-to-Thickness Ratio Greater thar—5hort- not SCC is present. Similar examination of fractured or
transverse specimens shall be taken so that the region efacked tension specimens also can be useful to verify SCC as
maximum stress is centered in the section thickness, at leagte cause of failure.
one section thickness away from the sides of the product. In the
case of complex configurations for which the grain direction-10. Interpretation of Results
ality cannot be predicted, specimen location shall be deter- 10.1 Criterion of Eailure

mined by means of macroetched transverse sections to ensure . . .
a short-transverse specimen and to avoid regions of nearla/nleo';r'lmpt‘) rs:rggf)lfhsehill gte;iﬁqo;rfsld?;ﬁd ;?(2:\/,? Iﬁg‘;’\dﬂt‘ge rt:tsetsII
equiaxial (transverse) grain flow. P ' P

7.2.5.2 Width-to-Thickness Ratio of 2 or Les$Specimens pr(i\(/)'sl'oanAOf Segtlon 11hShar|1| ap?Iy. d hich exhibi
shall be centered in the section thickness so that the region of =" specimen that has fractured or which exhibits
maximum stress application will be at least one half the sectiofiracking shall t_>e considered as astress corrosion failure unless
thickness away from a fabricated surface, if possible. Thes:BrOV6d otherwise b_y the provisions of 10'2_ and 10.3.
specimens shall be considered to have a “transverse” orienta- 10-2 I\/_Iacrospoplc Exammaﬂc«n—_Crackmg should be
tion to the grain structure. When C-rings are required, the)gzlearly dlﬁereljt|ated from lined-up p|tt|ng. If. thg presence of
shall be taken so that the region of maximum tensile stress SCC IS questionable, metallographic examinations should be
3.18+ 0.25 mm (0.125+ 0.010 in.) from the product surface. Performed to determine whether or not SCC is present.

7-3 Nl{mbe_r of SDECime“HSF_OV each Samp|ea_W_hiCh shallbe  Nore 1—When a specimen fractures within a relatively short time after
uniform in thickness and grain structure, a minimum of threeexposure (ten days or less), metallographic examination is not necessary
adjacent replicate specimens shall be tested. because such rapid failures are characteristically due to SCC.

8. Test Environment 10.3 Metallographic Examination

8.1 Corrosion Test EnvironmertSpecimens shall be ex- 10.3.1 Aspecimen that reveals intergrar}ular cracking, even

posed to the alternate 10-min immersion—50-min drying cycleWhen accompame_d by transgranular qracklng, shall be consid-

in accordance with Practice G 44. ered as an_SCC fa|lure_. Intergranula_r fissures that are no deeper
8.2 Length of Exposure-The test duration for 3.18-mm than the width of localized areas of intergranular corrosion or,

(0.125-in.) tension specimens and C-rings shall be 10 days for the case of C-rings, not deeper than those in unstressed or

2200 alloys o 20 cays for Y00 alos, uless racking LCTPIESSely <essed uraces, shall ot be coneideo a5 an
occurs sooner. For specimens to be tested in the long transverg? L P » (e dep
intergranular fissures may be compared to those in an un-

direction, the test duration should be 40 days. Longer non- . )
stressed specimen when available.

standard test durations are likely to cause failures of thé 1032 A ) that | v pitii ion (that
3.18-mm tension specimens as a result of severe pitting as =~ "~" specimen that reveals only pitting corrosion (tha

described in 5.1. There shall be no interruptions except as norlln'ifrgrtagular att_e(ljck),dor plttlngSE):l(u:sftrl?nsgranular crack-
required for periodic inspection of specimens or changing of"g: shall not be considered as an aiure.

the solution. Note 2—Transgranular cracking in the absence of intergranular attack

only occurs in pitted specimens under extremely high stress (intensity)

9. Procedure and, for the purpose of this text method, is not considered as a criterion of
9.1 Method of Loading ScC.

9.1.1 Tension SpecimensStress tension specimens in . .
“constant strain”-type fixtures, as in Fig. 3 of Practice G 49. 11. Retesting and Resampling

9.1.2 C-rings—Stress C-rings by a method that provides 11.1 Retesting shall be permitted only if a single specimen
constant strain and produces a tensile stress on the ring outsithils by SCC, in which case three replicate specimens shall be
diameter in accordance with Practice G 38. tested. If any retest specimen fails, the sample shall be

9.2 Magnitude of Applied StressStress specimens to one considered to have failed the test.
or more levels as specified or as required to determine 11.2 If any failure is due to improper preparation of the
comparative stress corrosion resistance. The application of gpecimen or to incorrect testing technique, or if the specimen is
stress less than about 103 MPa (15 ksi) is not practicable. found to be not representative of the material, the specimen

9.3 Examination of Specimens shall be discarded and another specimen substituted.
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11.3 When resampling, the required specimens shall be 13.1.2.2 T7X51—This temper with intermediate resistance
taken from the original sample if possible, or from anotherhad a mixture of failing and surviving specimens making the
sample of the same lot of material. calculations shown in Table 1 and Table 2 meaningful. The

calculations show that, depending on the stress level, repro-
12. Report ducibility, or laboratory-to-laboratory differences, is respon-

12.1 Report the following information: sible for from 60 to 92 % of the variance with repeatability

12.1.1 Results of all tests, including type and size ofcausing the remainder. The variance does depend somewhat on
specimen, orientation of specimen and number of replicatesipplied stress level as probability of failure would be most
stress level, and times to failure. consistent at either low stress levels where there are very few,

12.1.2 Identification of alloy, temper, product form, andif any failures, or at high stress levels where most, if not all,
thickness of materials tested, including reference to applicablspecimens fail.
specifications. 13.1.2.3T7351—All specimens of this temper survived at

12.1.3 Any deviation from the procedures outlined above. the single stress level of 296 MPa (43 ksi), making calculations
of variance not meaningful. However, as with the susceptible
o T651 temper, the qualitative observation can be made that each

13.1 Precision _ . laboratory produced the same result.

13.1.1 The precision of data generated using this test 131 3 The results of this interlaboratory test program agree
method was evaluated by way of an interlaboratory teslith general experience, which indicates that SCC data will be
program among seven laboratories using aluminum alloy 707,05t consistent under either relatively severe or relatively mild
plate in three tempers; relatively susceptible T651, a morggmpinations of material and environment. In the first case, the
resistant T7X51 (similar to commercial T7651), and highly 4t majority of specimens will fail quickly, while in the
resistant T7351. o _second case, the vast majority of specimens will survive the

13.1.2 The procedure and raw data are described in detail ifation of the test. Variability in results will tend to be highest
ASTM STO 6107 The tests were conducted using five repli- yhen material and environment combine to produce a situation
cate, short transverse specimens tested at various stress levgi$yiermediate performance such that some but not all of the

that were chosen based on the expected performance of 1Becimens fail. The T7X51 material tested in this program fell
individual tempers. Each of the seven laboratories conductegliq the category.

the test twice so that there were a total 140 specimens in for 13.1.4 The statement on precision included in previous

each combination of temper and stress level. The data havg, sions of this test method was based on time-to-failure

been analyzed with respect to fraction of specimens SurVi\’in%riteria That analysis is included in this version as Appendix
the standard test period of 20 days. Although three differens(1 ' 4 PP

specimen types were included in the testing, the analysis has

been conducted only for 3.18-mm (0.125-in.) diameter tenSIIGEjucibility of the stressing methods and environment called out

bars as described in Practice G 49. Repr_odUC|b|I_|ty Va3, this test method can be found in the precision and bias
evaluated by comparing the seven laboratories against ea%t[]atement of Test Method G 139

other, and repeatability was evaluated by comparing the two .
runs conducted by each laboratory. Treating the three tempersg'g ?I?I'Sh q in Test Method G 47 h bi
separately, the following conclusions can be drawn. -2.1 The procedure in Test Metho as no bias

13.1.2.1 T651—Overall, for this susceptible temper, 137 out because the result of the pass-fail stress-corrosion cracking test

of 140 specimens failed at stress levels of 103 and 172 MPa (1§ d&fined only in terms of this test method.

and 25 ksi) making calculations of variance not meaningful.

Since at least three of five specimens failed in each group antf+ Keywords

the passing specimens were at two different laboratories, the 14.1 accelerated testing; aluminum alloys; corrosion; heat-
qualitative observation can be made that all laboratoriegreatable aluminum alloys; stress-corrosion cracking; tension
produced similar results. testing

13. Precision and Bias

13.1.5 Information relevant to the repeatability and repro-

TABLE 1 Calculations of Variance for Fraction of 7075-T7X51 Plate SCC Specimens Surviving in the Interlaboratory Test Program

Applied Stress Average Repeatability Reproducibility Overall Variance
Fraction Variance Variance
Surviving
172 MPa 25 ksi 0.886 0.0057 0.0652 0.0709
241 MPa 35 ksi 0.771 0.0743 0.112 0.186
310 MPa 45 ksi 0.557 0.0371 0.0876 0.125
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TABLE 2 Calculations of Standard Deviation of 7075-T7X51 Plate SCC Specimens Surviving in the Interlaboratory Test Program

Applied Stress Average Repeatability Reproducibility Overall Standard
Fraction Standard Standard Deviation
Surviving Deviation Deviation
172 MPa 25 ksi 0.886 0.0756 0.255 0.266
241 MPa 35 ksi 0.771 0.273 0.335 0.432
310 MPa 45 ksi 0.557 0.193 0.296 0.353
APPENDIX

(Nonmandatory Information)

X1. TIME-TO-FAILURE ANALYSIS OF INTERLABORATORY TEST PROGRAM DATA

X1.1 Previous versions of Test Method G 47 used a X1.2 The graph in Fig. X1.1 shows data from the inter-
statement on precision that was based on time-to-failure diboratory test program described in STP 640d Section 13
specimens. This statement on precision has been changedithis test method. The data in plot show that variability of the
because the criteria given in the test method for differentiatinglata increase as survival time increases. These data agree with
samples is based on specimens passing or failing (not crackirtbe statements made in Section 13 that combinations of
or cracking) during defined exposure periods. Although thanaterial, stress, and environment that produce intermediate
time-to-failure analysis is not directly relevant to resultslevels of resistance will give the highest variability. Combina-
produced by the current procedure, it is included in thistions of the same factors that produce either low or high
appendix because it may provide useful information in certainmesistance will produce less variability because the specimens
situations. will either all fail relatively quickly or will not fail at all.
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Regression Line:
e Ln (o) = 1.065 Ln () -1.121

= Vi Data Points (5 Replicates)

7 ®-T651 (100, 170 MPa)

0.2 / A-T7651 Type (170, 240, 310 MPa)

/ Numbers denote more than one set
. of specimens.

Standard Deviation of Times to Failure, Days (o)

T BRI | | [ S I R
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Average Times to Failure, Days (i)

FIG. X1.1 7075 Alloy Short Transverse 3.18 mm Tension Specimens Stressed at Various Levels and Exposed in Quintuplicate to 3.5 %
NaCl Solution by Alternate Immersion According to Practice G 44
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