TECHNICAL REPORT ARCCB-TR-97016

MODIFICATION OF ASTM STANDARD E1681
ON ENVIRONMENTAL CRACKING TO INCLUDE

BOLT-LOAD SPECIMEN TESTING

J. H. UNDERWOOD
W. A. VAN DER SLUYS
- G. N. VIGILANTE

JULY 1997

AD

US ARMY ARMAMENT RESEARCH,

CLOSE COMBAT ARMAMENTS CENTER
BENET LABORATORIES
WATERVLIET, N.Y. 12189-4050

DEVELOPMENT AND ENGINEERING CENTER

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

19970806 096

f . e s . ,
BRI Uy nnrs s 8



DISCLAIMER
The findings in this report sre not to be construed as an official
Departzent of the Army position unless so designated by other authorized

documents.

The use of trade name(s) and/or manufacturer(s) does not constitute

an official indorsement or spproval.

DESTRUCTION NOTICE
For classified documents, follow the y;occdurcs in DoD 5200.22-M,
Industrial Security Manual, Section II.19 or DoD 5200.1-R, Information
Security Prozranikegulation, Chapter IX.
For unclassified, limited documents, destroy by a1y method that will
prevent disclosure of contents or reconstruction of the document,
For unclassified, unlimited documents, desiroy when the report is

no longer needed. Do not return it to the originator.




Form Approved
OME No. 0704-0188

- 2. <t mg CEle sOuTCes,
aspe st of thee
215 jetferson

REPORT DOCUMENTATION PAGE

Bupic reporag burgen for this ot ect.on of information s estimated 1o average T hout Der resporse, inciuging tre me forreys
gatrering arc maintaining the deta neeges anc cCmpieting and reviewing the cottection of informator Seng comments regars
cetiest or of intormaticr, inciuding suggesticns for reduang this purden. to Washinglon Heaaauarters Sevvices, Directorate fe
Davis High na,. Su-te 1204 Ariington, V2 22202-4302 and to the Office of Managemert and Budget, Paperwcrx Regurt-or Pro

1, AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
July 1997 Final

5. FUNDING NUMEERS
AMCMS No. 6111.02.H611.1

4. TITLE AND SUBTITLE
MODIFICATION OF ASTM STANDARD E1681 ON ENVIRONMENTAL
CRACKING TO INCLUDE BOLT-LOAD SPECIMEN TESTING

6. AUTHOR(S)

T.H. Underwood, W.A. VanDerSluys (Babcock and Wilcox,
Alliance, OH), and G.N. Vigilante

8. PERFORMING ORGANIZATIUR
REPORT NUMEELK

ARCCB-TR-97016

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
U.S. Army ARDEC
Benet Laboratories, AMSTA-AR-CCB-O
Watervliet, NY 12189-4050

S. SPONSORING / MOKNITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING . MOR!IT G
AGENCY REPORT NUN L

U.S. Army ARDEC

Close Combat Armaments Center

Picatinny Arsenal, NJ 07806-5000

11. SUPPLEMENTARY NOTES

1Zz. DISTREUTION - AVAILABILITY STATEMENT 12b. DISTRIEUTION CODL

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 worcs;

Benet Laboratories experience with environmental cracking of cannon components has been combined with the technical expertise of
various participants at ASTM technical meetings and symposia to develop a modification to ASTM Standard E1681, "Test Method for
Determining a Threshold Stress Intensity Factor for Environment-Assisted Cracking of Metallic Materials Under Constant Load." A bolt-
loaded compact specimen has been added to the standard to allow constant displacement bolt-load tests of environmental cracking threshold.

Recent investigations of environmental cracking in two cannon systems are briefly summarized, including cracking in acids used in the
electroplating process and cracking due to cannon propellant gases. The modified draft of ASTM Standard E1681 is presented, including
the additions to test procedure, apparatus, and stress intensity factor expressions required to perform bolt-load tests of environmental
cracking threshold.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Environmenta) Cracking, Fracture Mechanics, High Strength Steels, 29

Bolt-Load Specimen, Standardized Tests, Cracking Threshold 16. PRICE CODE

19. SECUR!TY CLASSIFICATION |20. LIMITATION OF ABSTRACT

OF ABSTRACT

17. SECURITY CLASSIFICATION |18, SECURITY CLASSIFICATION

OF REPORT
UNCLASSIFIED

OF THIS PAGE
UNCLASSIFIED

UNCLASSIFIED

UL

NSN 7540-01-280-5507

Standarc Form 298 (Rev
Prescrinec By ANS Stc Z3G.1€
295070

2-89)




TABLE OF CONTENTS

Page

INTRODUCTION . e e e e e 1

PROPOSED ADDITIONTOE 1681 . ... .. .. i e 2

L0 S COPE - ottt e 2

2.0 Referenced DOCUMENTS . . . ..ottt e e e ci e 2

3.0 Terminology . ...t R R 3

4.0 Summaryof TestMethod .. ... ... . . . 4

5.0 Significance, Precautions,and Use . ... ... . i i i 5

6.0 APDATAIUS . .ttt e 7

7.0 Specimen Configuration, Size, and Preparation . .......... ... ... ... ... ..., 9

8.0 General Procedure ... ... . e 11

9.0 Calculations and Interpreting Results ... . o o o oo 15

TO.0 RePOIt . ot 17

11.0 Precision and Bias .. ... e e 18

12.0 Keywords ... S 19

DISCUSSION AND CLOSING . ..o e e e e e e 26

REFERENCES . . e e 27

LIST OF ILLUSTRATIONS

1. Typical Configuration of a Dead-Weight Cantilever-Beam Loading Fixture ......... 21

2. Tension Test ClevisDesign . ... . . i i 21
3. Typical Test Arrangement for Constant Displacement Kz, Tests

with Modified Bolt-Load Compact Specimen; H/W =0.486 . ............... e 22




Beam Specimen . ... .. e 23
Standard Proportions and Tolerances for the Compact Specimen ................. 23

Standard Configuration for the Modified Bolt-Load Compact Specimen;
H/W = 0486 .o e e e e 24

Crack Starter Notch and Fatigue Crack Configurations ................ .. ...... 25

ii




INTRODUCTION

The main impetus for Army interest in environmental cracking tests was a striking failure
in which a crack ran for a distance of 1.6 m in a cannon under no external loads. Major factors
that led to the failure include:

. Use of A723 high strength steel (1207 MPa yield strength)
in the presence of sustained tensile (residual) stresses
. Use of strong acids for electropolishing before electroplating

Details of this failure are described in Reference 1. It was immediately clear that tests of
resistance to environmental cracking under these conditions were necessary in order to understand
and control failures of this type. Review of the technical literature showed that the classic bolt-
load specimen approach of Wei and Novak (ref 2) would be very useful, but their work had not
yet been included in any standard test procedure. Pointing this out at a meeting of ASTM
Technical Committee EO8 on Fatigue and Fracture quickly resulted in an Army-led task to
propose the inclusion of bolt-load tests in the recently adopted ASTM Standard E1681, "Test
Method for Determining a Threshold Stress Intensity Factor for Environment-Assisted Cracking
of Metallic Materials Under Constant Load" (ref 3). A constant displacement test such as the
bolt-load specimen would provide a useful complement to the constant load tests in ASTM
Standard E1681.

Another series of failures in cannon components has recently been recognized as
environmental cracking controlled (ref 4). Troiano and coworkers investigated several fatigue
cracking scenarios in a prototype cannon in an unsuccessful attempt to explain the failures as
fatigue controlled. Their results suggest that environmental cracking of A723 high strength steel
(1160 MPa yield strength) in the presence of sustained tensile stress at a seal and hydrogen-
containing propellant gases caused the failures. '

A summary of bolt-load environmental cracking threshold tests that have been performed
in response to environmental cracking failures in cannons has recently been written by Vigilante
and coworkers (ref 5). The materials tested were A723, Maraging 200, and PH 13-8 Mo steels
and Alloy 718, Alloy 706, and A286 nickel-iron base alloys, in both acid and electrolytic cell
environments. One important conclusion drawn from the tests was that A723 steel in the 1160 to
1200 yield strength range is extremely susceptible to environmental cracking in hydrogen
environments. General features of the bolt-load tests were their good repeatability, the long test
times required for the iron-nickel base alloys, and the importance of exposing the test samples to
the environment before application of the test load. The tests provided an excellent technical
basis for the development of the bolt-load specimen addition to ASTM Standard E1681, in
combination with the experience of several participants in ASTM Committee EO8 meetings and
symposia. The draft of the proposed addition is given next, in the format used with ASTM
standards, followed by discussion of key points and closing remarks.



PROPOSED ADDITION TO E 1681

Standard Test Method for Determining a Threshold Stress Intensity Factor for
Environment-Assisted Cracking of Metallic Materials Under Constant Load

1.0 SCOPE

1.1 This test method covers the determination of the environment-assisted cracking threshold
stress intensity factor parameters, Kizc and Kgqc, for metallic materials from constant-load
testing of fatigue precracked beam or compact fracture specimens and from constant-
displacement testing of fatigue precracked bolt-load compact fracture specimens.

1.2 This test method is applicable to environment-assisted cracking in aqueous or other
aggressive environments.

1.3 Materials that can be tested by this method are not limited by thickness or by strength as
long as specimens are of sufficient thickness and planar size to meet the size requirements of
this standard. '

1.4 A range of specimen sizes with proportional planar dimensions is provided, but size may be
variable and adjusted for yield strength and applied load. Specimen thickness is a variable
independent of planar size.

1.5 Specimen configurations other than those contained in this test method may be used,
provided that well-established stress intensity calibrations are available and that specimen
dimensions are of sufficient size to meet the size requirements of this standard during testing.

1.6 This standard may involve hazardous materials, operations, and equipment and does not
purport to address all of the safety problems associated with its use. it is the responsibility of the

user of this standard to establish appropriate safety and health practices and to determine the
applicability of regulatory limitations prior to use.

2.0 REFERENCED DOCUMENTS

2.1 ASTM Standards:

D 1129 Definitions of Terms Relating to Water’

D 1141 Specifications for Substitute Ocean Water?

E4 Standard Practices for Load Verification of Testing Machines®

E8 Test Methods of Tension Testing of Metallic Materials®

E 399 Test Method for Plane-Strain Fracture Toughness of Metallic Materials®

'Annual Book of ASTM Standards, Vol 11.01.
2Annual Book of ASTM Standards, Vol 11.02.
3Annual Book of ASTM Standards, Vol 03.01.
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E616 Terminology Relating to Fracture Testing®

E 647 Test Method for Measurement of Fatigue Crack Growth Rates®

G 1 Practice for Preparing, Cleaning, and Evaluating Corrosion Test
Specimens*

G3 Practice for Conventions Applicable to Electrochemical Measurements in
Corrosion Testing*

G5 Standard Reference Method for Making Potentiostatic and
Potentiodynamic Anodic Polarization Measurements* '

G 15 Terminology Relating to Corrosion and Corrosion Testing*

3.0 TERMINOLOGY

3.1 Terminology related to fracture testing given in Standard E 616 and terms related to
corrosion testing given in Standard G 15 are applicable to this test method.

3.2 Definitions:

3.2.1 Stress-corrosion cracking, SCC—a cracking process that requires the simultaneous
action of a corrodent and sustained tensile stress.

3.2.2 Stress intensity factor threshold for plane strain environment-assisted cracking, Kig,c
[FL*—the highest value of the stress intensity factor (K) at which crack growth is not observed
for a specified combination of materia! and environment and where the specimen size is
sufficient to meet requirements for plane strain as described in ASTM E 399.

3.2.3 Stress intensity factor threshold for environment-assisted cracking, Keadd FL#%—the
highest value of the stress intensity factor (K) at which crack growth is not observed for a
specified combination of material and environment and where the measured value may depend
on specimen thickness.

3.2.4 Physical crack size, a,JL}—the distance from a reference plane to the observed crack
front. This distance may represent an average of several measurements along the crack front.
The reference plane depends on the specimen form, and it is normally taken to be either the
boundary, or a plane containing either the loadline or the centerline of a specimen or plate. The
reference plane is defined prior to specimen deformation.

3.2.5 Original crack size, a,[L]—the physical crack size at the start of testing.

3.2.6 Original uncracked ligament, b,[L]—distance from the original crack front to the back
edge of the specimen (b, = W- a,).

3.2.7 Specimen thickness, B[L]—the side-to-side dimension of the specimen being tested.

“Annual Book of ASTM Standards, Vol 03.02.
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3.2.8 Tensile strength, o;[FL?]—the maximum tensile stress that a materia! is capable of
sustaining. Tensile strength is calculated from the maximum load during a tension test carried to
rupture and the original cross-section area of the specimen.

3.3 Description of Terms Specific to This Standard:

3.3.1 Environment-assisted cracking, EAC—a cracking process in which the environment
promotes crack growth or higher crack growth rates than would occur without the presence of the
environment.

3.3.2 Normalized crack size, a/W—the ratio of crack size, a, to specimen width, W. Specimen
width is measured from a reference position such as the front edge in a bend specimen or the
loadline in the compact specimen to the back edge of the specimen.

3.3.3 Yield strength, o,J[FL?]—the stress at which a material exhibits a specific limiting
deviation from the proportionality of stress to strain. This deviation is expressed in terms of
strain.

Note 1—In this standard test method, the yield strength determined by the 0.2% offset
method is used.

3.3.4 Effective yield strength, g,[FL?—an assumed value of uniaxial yield strength that
represents the influences of plastic yielding upon fracture test parameters. For use in this test
method it is calculated as the average of the 0.2% offset yield strength, o, and the ultimate
tensile strength, org. of

Oy = (Oys + O7s)/2

3.3.5 Notch length, a,(L)—the distance from a reference plane to the front of the machined
notch. The reference plane depends on the specimen form, and normally is taken to be either the
boundary, or a plane containing either the loadline or the centerline of a specimen or plate. The
reference plane is defined prior to specimen deformation.

4.0 SUMMARY OF TEST METHOD

4.1 This test method involves testing of single-edge notched [SE(B)] specimens, or compact
[C(T)] specimens, or bolt-load compact [MC(W)] specimens, precracked in fatigue. The
single-edge notched specimen is tested in cantilever bending. An environmental chamber is
either attached to the specimen or the specimen is contained within the chamber. The chamber
must enclose the portion of the specimen where the crack tip is located. Prescribed
environmental conditions must be established and maintained within the chamber at all times
during the test.

4.1.1 Specimens shall be deadweight loaded or otherwise held under constant load or held
under constant displacement (defined in Section 6.2) for a prescribed length of time, during
which failure by crack growth leading to fracture may or may not occur. Ky and Kg,c are
defined as the highest value of stress intensity factor at which neither failure nor crack growth
occurs. The stress intensity factor (K) is calculated from an expression based on linear elastic
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stress analysis. To establish a suitable crack-tip condition for constant load tests, the
stress-intensity leve! at which the fatigue precracking of the specimen is conducted is limited to a
value substantially less than the measured K,c or Kgsc values. For constant displacement tests,
the stress-intensity level at which the fatigue precracking of the specimen is conducted is limited
to the requirements of Test Method for Plane-Strain Fracture Toughness of Metallic Materials
(ASTM E 399). The validity of the K, value determined by this test method depends on
meeting the size requirements to ensure plane strain conditions, as stated in Test Method E 399.
The validity of the K., value depends on meeting the size requirements for linear elastic
behavior, as stated in the Test Method for Fatigue Crack Growth Rates (E 647).

4.1.2 This test method can produce information on the onset of environment-assisted crack
growth. Crack growth rate information can be obtained after crack nucleation, but the method for
obtaining this information is not part of this test method.

4.2 The mechanisms of environment-assisted cracking are varied and complex. Measurement
of a Ko OF Kieac Value for a given combination of material and environment provides no insight
into the particular cracking mechanism that was either operative or dominant. Two prominent
theories of environment-assisted cracking are anodic reaction and hydrogen embrittlement

(ref 1). The data obtained from this test method may be interpreted by either theory of
environment-assisted cracking.

4.3 Specimen thickness governs the proportions of plane strain and plane stress deformation
local to the crack tip, along with the environmental contribution to cracking. Since these
chemical and mechanical influences cannot be separated in some material/environment
comhinations. thickness must be treated as a variable. In this method, however, the stress in the
specimen must remain elastic. For these reasons two threshold values of EAC are defined by
this test method. The measuremant of K-, requires that the thickness requirements of plane
strain constraint are met. The less restrictive requirements of K, are intended for those
conditions in which the results are a stiong function of the thickness of the specimen and the
application requires the testing of specimens with thickness representative of the application.

4.4 A variety of environmental (temperature, environment composition, and electrode potential,
for example) and metallurgical (yield strength, alloy composition, and specimen orientation)
variables affect Kgac and Kigpe.

5.0 SIGNIFICANCE, PRECAUTIONS, AND USE

5.1 The parameters K., 0r K, determined by this test method characterize the resistance to
crack growth of a material with a sharp crack in specific environments under loading conditions in
which the crack-tip plastic region is small compared with the crack depth and the uncracked
ligament. The less restrictive thickness requirements of Kz, are intended for those conditions in
which the results are a strong function of the thickness of the specimen and the application
requires the testing of specimens with thickness representative of the application. Since the
chemical and mechanical influences cannot be separated, in some material/environment
combinations, the thickness must be treated as a variable. A Ko 0r Kigsc value is believed to
represent a characteristic measurement of environment-assisted cracking resistance in a
precracked specimen exposed to an environment under sustained tensile loading. A Kg,c Or
Kac value may be used to estimate the relationship between failure stress and defect size for a
material under any service condition, where the combination of crack-like defects, sustained




tensile loading, and the same specific environment would be expected to occur. (Background
information concerning the development of this test method can be found in References 2
through 17).

5.1.1 The apparent K, or K4 of @ material under a given set of chemical and electrochemical
environmental conditions is a function of the test duration. It is difficult to furnish a rigorous and
scientific proof for the existence of a threshold (refs 3,4). Therefore, application of Kgac OF Kigac
data in the design of service components should be made with awareness of the uncertainty
inherent in the concept of a true threshold for environment-assisted cracking in metallic materials
(refs 5,17). A measured K. Or K4 value for a particular combination of material and
environment may, in fact, represent an acceptably low rate of crack growth rather than an
absolute upper limit for crack stability. Care should be exercised when service times are
substantially longer than test times.

5.1.2 The degree to which load deviations from static tensile stress will influence the apparent
Keac OF Kieae Of @ material is largely unknown. Small-amplitude cyclic loading, well below that
needed to produce fatigue crack growth, superimposed on sustained tensile loading was
observed to significantly lower the apparent threshold for stress corrosion cracking in certain
instances (refs 6,7). Therefore, caution should be used in applying Kg,c O Kz data to service
situations involving cyclic loading. In addition, since this test standard is for static loading,
small-amplitude cyclic loading should be avoided during testing.

5.1.3 In some material/environment combinations the smaller the specimen the lower the
measured K-, vatue. while in other material/environment combinations the measured Ky, value
will be the lowest value (refs. 4,8-12). If for the material/environment combination of interest it is
not known which specimen size wifi result in the lower measured value, then it is suggested that
the use of both specimen sizes should be considered; that is, specimens with thicknesses
representative of the application and specimens in which the thickness meets the requirements

(7.2.1.1) of a Ky value.

5.1.3.1 The user may optionally determine and report a Kg, value or a Kigcvalue. The
specimen size validity requirements for a Kg, value meet the size requirements developed for
Test Method E 647 to achieve predominately elastic behavior in the specimen. The Test Method
E 647 size requirements for compact specimens should be applied to both the compact
specimen and the beam specimen. The specimen size validity requirements for a Kig,c value
meet the size requirements developed for plane strain conditions for Test Method E 399.

5.1.4 Evidence of environment-assisted crack growth under conditions that do not meet the
validity requirements of Section 7.2 may provide an important indication of susceptibility to
environmental cracking but cannot be used to determine a valid K, value (ref 13).

5.1.5 Environment-assisted cracking is influenced by both mechanical and electrochemical
driving forces. The latter can vary with crack depth, opening, or shape and may not be uniquely
described by the fracture mechanics stress intensity factor. As an illustrative example, note the
strong decrease reported in Ksc.> With decreasing crack size below 5 mm for steels in 3% NaCl
in water solution (ref 14). Geometry effects on K similitude should be experimentally assessed

*Kscc has been used in the literature as a special case of K4 in which the crack growth
is known to be due to the simultaneous action of a stress and a corrodent.
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for specific material/environment systems. Application modeling based on K, similitude should
be conducted with caution when substantial differences in crack and specimen geometry exist
between the specimen and the component.

5.1.6 Not all combinations of material and environment will result in environment-assisted
cracking. In general, susceptibility to aqueous stress-corrosion cracking decreases with
decreasing material strength level. When a material in a certain environment is not susceptible
to environment-assisted cracking, it will not be possible to measure Kgs Or Kigae. This test
method can serve the following purposes:

5.1.6.1 In research and development, valid Ki,c or Kigac data can quantitatively establish the
effects of metallurgical and environmental variables on the environment-assisted cracking
resistance of materials.

5.1.6.2 In service evaluation, valid Kz.-0r Kieac data can be utilized to establish the suitability of
a materia! for an application with specific stress, flaw size, and environmental conditions.

5.1.6.3 In acceptance and quality control specifications, valid K¢, Or Ki,c data can be used to
establish criteria for material processing and component inspection.

5.1.7 Some material/environment combinations with the constant displacement bolt-load
compact specimen test can result in load relaxation that will affect the test results. For relatively
low strength material, non-aggressive environments, or high test temperatures, load relaxation
can occur independently from environment-assisted cracking. A significant load relaxation would
make any cracking results difficult to interpret. If a significant load relaxation is believed to be
possible, the following trial specimen test is recommended. Test a trial specimen with all the test
conditions of interest, except with no enviranment applied. Monitor the load on the sample using
a bolt with an electronic load celi attachec. instrumented bolts of this type are commercially
available. A load relaxation of more than 5% after 24 hours indicates that the constant
displacement test method may not be suitable for these test conditions, and a constant load test
should be considered.

6.0 APPARATUS

6.1 Fixtures

6.1.1 Cantilever Beam Specimens—Specimens should be loaded with one end clamped in a
stable rigid fixture and the other end clamped to a horizontal moment arm to which a load is
applied. In a fixture of this type, the long axis of the specimen is placed horizontally with the
notch opening upward. A schematic representation of a suitable loading fixture is given in Fig. 1.
Note that limits are placed on the proximity of fixture contact points to the specimen notch and on
the length of the moment arm. The fixture should have enough stiffness to ensure that moment
arm deflection under load is primarily caused by test specimen compliance. In situations where a
single loading fixture simultaneously accommodates multiple specimens, it is important that the
loading fixture be rigid enough to minimize transmission of transient loading deflections from
specimen to specimen through the fixture.




6.1.2 Compact Specimens—A loading clevis suitable for constant load testing of compact
specimens is shown in Fig. 2. Both ends of the specimen are held in a clevis and loaded through
pins to allow rotation of the specimen during testing. To provide rolling contact between the
loading pins and the clevis holes, the holes are machined with small flats on the loading surface.
Other clevis designs may be used if it can be demonstrated that they will accomplish the same
result.

6.1.3 Bolt-Load Compact Specimens—A test arrangement suitable for constant-displacement
testing of bolt-load compact specimens is shown in Fig. 3. The displacement is applied to the
specimen containing a machined notch and fatigue precrack. The displacement is applied with a
bolt tightened against a flattened pin and measured with an electronic crack-mouth-opening-
displacement (CMOD) gage (see Test Method E 399). Reference marks on the face of the
specimen on both sides of the notch may also be used to verify the CMOD measurement of the
applied displacement. The gage is attached to the specimen using integral knife edges
machined into the specimen or using knife edges affixed to the specimen. Other types of gages
and attachments may be used if it can be demonstrated that they will accomplish the same
result. It is recommended that, if possible, the bolt pin be isolated from the environment and that
an electric insulator be used between the bolt and pin. For some test conditions, environmental
isolation and electrical insulation may not be possible.

6.2 Load or Displacement Application

6.2.1 Constant-Load Specimens—Specimens must be deadweight loaded or loaded so that the
load remains constant throughout the test. Weights or a servo-controlled actuator are suitable
for this purpose. A means must be provided to accurately measure the load, including the weight
of the moment arm and associated load train fixtures. This may be done by including an
electronic load cell in the load train or by using calibrated weights. The load applied to the
specimen must be known, with an accuracy of +1% of the indicated reading. Overloads of more
than 3% and repetitive load fluctuations of more than 1% must be avoided during the experiment.
In addition, it is important that extraneous bending and torsional loads be kept to a minimum.

6.2.2 Constant Displacement Specimens—The CMOD applied to the bolt-load specimen must
be known, with an accuracy of +1% of the indicated reading. Overapplications of displacement
of more than 5% and repetitive displacement fluctuations of more than 1% must be avoided
during the experiment.

6.3 Displacement Gage—It may be desirable to attach a displacement gage to a constant load
specimen to detect crack growth during testing. It is required that a displacement gage be used
with the constant displacement specimen to measure the amount of applied displacement (see
Section 6.1.3). An electronic CMOD gage can provide a highly sensitive indicator of crack
growth for this purpose (see Test Method E 399). However, when placed directly above an
environmental chamber containing an aqueous solution for prolonged periods, corrosion may
degrade CMOD gages. Also, the CMOD gage should not be allowed to come into direct contact
with the solution to avoid possible galvanic action between the gage and the test specimen. A
mechanical dial gage placed near the extremity of the moment arm also may be used to detect
crack growth.




6.4 Environmental Chamber—It is important that the environmental chamber does not
influence the test results either by modifying the environment or the electrochemical potential of
the specimen. Influence of the environment chamber or the pressure of the environment should
be accounted for in the calibration of the applied K value. The environmental chamber shall
enclose the portion of the specimen that contains the crack tip. It shall be configured so that
either the test specimen is the only metallic component in contact with the solution or the
specimen is electrically isolated from any other metals in contact with the solution. ‘Nonmetallic
or corrosion-resistant materials are recommended for the environmental chamber. A sealant
might be required between the specimen and the environmental chamber. Sealants selected
must not alter the bulk solution chemistry of the test environment. It is recommended that the
volume of the environmental chamber be large enough to contain at least 40 ml/cm? of specimen
surface area exposed to the solution.®

6.5 Potentiostatic Control—Where potentiostatic control of the specimen is desired, an
electrochemical cell is required (including an auxiliary electrode such as platinum or graphite, and
a reference electrode with specimen potential controlied by a potentiostat). Care must be taken
to avoid ground loops and galvanic interference from the clamping and loading fixtures. Oxides
on the specimen surface may hamper the achievement of the desired specimen potential. Under
some conditions, it may be necessary to mask off a portion of the specimen surface so that
proper potentiostatic control can be achieved. It is desirable to include apparatus for measuring
and recording electrode potential and applied current (see ASTM Test Method G 5, Standard
Reference Method for Making Potentiostatic and Potentiodynamic Anodic Polarization
Measurements).

7.0 SPECIMEN CONFIGURATION, SIZE, AND PREPARATION

7.1 Specimen Configuration:

7.1.1 The recommended cantilever beam specimen configuration is shown in Fig. 4. Itis
recommended that 1 « W/B « 2, provided that B, a,, and W - a, meet the validity criteria of
Section 7.2. The specimen configuration shown in Fig. 3 does not include side grooves.’

7.1.2 The recommended compact specimen configuration is shown in Fig. 5. The configuration
does not include side grooves.” For the determination of Kz, it is recommended that 1 < W/B
- 2, provided that B, a,, and W - a, meet the validity criteria of Section 7.2.

The ratio of the specimen free surface area, exposed to the test solution in the chamber,
to the crack size affects the anode/cathode area and can affect the corrosion potential in
the crack. The area external to the crack should be significantly greater than the crack area.

7If crack growth rate information is to be obtained in addition to Kg,c, side grooves may

be desirable. Side grooves may promote straight-fronted crack growth with some materials

in some environments. Side groove depths with a total thickness reduction of 20% are suggested.
Side groove root radii of less than 0.4 mm (0.016 in.) are suggested. Alternative methods to
obtain crack growth rate information are available (E 647, ref 22).

Note 2—Caution should be exercised when using side grooves in more aggressive environments.



7.1.3 The recommended bolt-load compact specimen configuration is shown in Fig. 6. The
configuration does not include side grooves.” While for the determination of Kiz,c it is
recommended that W/Bis 2:1, a 1:1 ratio can also be used, provided that B, a, and W - a meet
the validity criteria of Section 7.2.

7.1.4 Other specimen and loading configurations, for which well-established stress intensity
calibrations are available, are acceptable as long as the specimen size requirements of Section
7.2 are met.

7.2 Specimen Size:

7.2.1 For the results to be valid according to this test method, it is required that the specimen be
predominantly elastic in its behavior and that one or more of the following criteria be satisfied.

7.2.1.1 For the measurement of K, it is required that B, a,, and W - a, equal or exceed the
quantity 2.5(Kz../0vs)?, where aysis the yield strength of the material determined at the
temperature _of the Kgac €xperiment.

7.2.1.2 For the measurement of Ky, it is required that W - a, equal or exceed the quantity
(4/m(Keac/0vs)?. In this calculation oy may be replaced by oy for high-work hardening materials
with an ultimate to yield strength ratio greater than 1.3. These requirements are consistent with
those used in Test Method E 647. '

7.2.1.3 For the cantilever beam and compact specimens, it is recommended that the crack
length (total length of the machined notch plus the fatigue precrack) be between 0.45 and 0.55 W
whenever possible. However, normalized crack length values, a/W, may range from 0.25 t0 0.75
in extreme instances, provided the requirements of Section 9.3 are met.

7.2.1.4 For the bolt-load compact specimen, applied K values continuously decrease with

increasing crack length, so that large crack lengths can be used. It is recommended that the
total crack length (total length of the machined notch plus the fatigue precrack and the crack
growth) be between 0.30 and 0.95 W, provided the requirements of Section 8.8.2.5 are met.

7.3 Specimen Preparation:

7.3.1 The dimensional tolerances and surface finishes shown in Figs. 4 through 7 shall be
followed in the specimen preparation.

7.3.2 Care should be taken in machining to prevent contamination of specimen and notch
surfaces that are difficult or impossible to clean. An example of this is the copper deposit left by
electric discharge machining (EDM) with a copper electrode.

7.3.3 Prior to fatigue precracking and testing, specimens should be cleaned in accordance with
Standard Practice G 1.
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7.3.4 lItis required that the specimen be fatigue precracked before testing. Fatigue precracking
may be conducted in an ambient-air environment. The single-edge notched specimen may be
fatigue precracked either in cantilever bending or in three-point bending. Fatigue precracking
should be performed with the specimen fully heat treated to the condition in which it is to be
tested.

7.3.4.1 The fatigue precrack shall extend to a depth of not less than 0.10 B or 1.0 mm (0.04 in.),
wkichever is greater, beyond the tip of the machined notch as measured on each face of the
specimen. It is required that the final 1-mm (0.04-in.) increment of fatigue precracking be
conducted at a maximum stress intensity factor (K, of not more than 80% of the expected K¢
value. The plane of the crack shall be paralle! to both the specimen width and thickness
directions within £10°.

7.3.4.2 Note that in some materials highly sensitive to stress corrosion cracking (such as
ultrahigh-strength alloys), Kg,c values can be very low (less than 20 MPav/m). Thus, permissible
K, levels for precracking highly sensitive materials might be restricted to small values. This
restriction could dictate lengthy periods of fatigue precracking. Under these circumstances, it
may be necessary to initiate fatigue precracking at K, levels higher than 60% of K¢ and to
follow a load-shedding (K-decreasing) program in fatigue cracking, as described in Test Method
E 647. Load-shedding procedures provide an alternative means of achieving the final critical
increment of precracking at adequately low K., (no more than 60% of Kg,c).

7.3.5 Care should be taken to prevent the contamination of the crack after precracking and
before testing.

8.0 GENERAL PROCEDURE

8.1 Number of Tests—It is difficult to prescrive in advance the number of tests required to
establish a valid Ke,e OF Kizae Value by this method. The Kige OF Kieae value is determined from
several experiments at K levels in which specimens failed after a relatively long time under load
or did not fail within a prescribed period (discussed in Section 8.4). For the cantilever beam and
compact specimens, in order to meet the load-bracketing requirements of Section 8.5, it is
suggested that at least four K levels, and perhaps up to six, be investigated to ensure a
measurement of Kz, Of Ko, For the bolt-load compact specimen, it is suggested that at least
two, and perhaps up to four, specimens be tested to ensure a measurement of Kg,c O Kigae, AS
a general practice, it is recommended that test data be displayed graphically in terms of initial
applied K (K based upon the applied load or displacement and a,) versus logarithmic time to
failure. Guidance for the estimation of Kc.c Or Kz Can be obtained for steels, aluminum alloys,
and titanium alloys from References 14 through 17. If neither past experience nor these
references are helpful in making this estimate, a screening program with a limited number of
specimens may be needed as a first phase in the testing program.

8.2 Exposure to the Environment—With some environment-material combinations,
preconditioning of the specimen in the environment prior to load or displacement application will
greatly influence the resulting Kgac or Kigac Values. When this is the case the specimen shall be
exposed to the environment immediately preceding the test for at least 10% of the total test time,
or eight hours, whichever is less. The specimen may be loaded after this pre-exposure, either
incrementally or continuously; however, the rate of loading should not exceed 100 MPavm per
minute.
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8.3 Load or Displacement Changes—Any significant change or interruption in loading,
displacement, temperature, environmental exposure, or applied potential (if appropriate) needs to
be evaluated and may invalidate the measurement of K OF Kigae- Such interruptions need to
be reported with the results. Occasional interruption of the load usually does not influence the
results but overloads of more than 5% and repetitive load fluctuations of more than 1% must be
avoided and would invalidate the results.

8.4 Test Duration—A test will continue until one of the following occurs: (1) fracture, (2)
evidence of subcritical crack growth is observed in the specimen, (3) a pre-established period of
time has elapsed. Determining an adequate, but not excessive, test duration for threshold
measurement is one of the most difficult aspects of Ki,. testing (ref 5). The test duration that is
adequate for a valid threshold measurement depends strongly on the material and the
environment. For constant load tests involving ambient-temperature solutions of sodium
chloride, including natural and ASTM substitute seawater (see Specification D 1141), the
guideline test durations listed below are considered long enough to ensure that a valid threshold
has been measured, but the actual times could be much shorter and need to be determined
empirically. For constant displacement tests with relatively non-aggressive environments, the
guideline test durations listed below may not be long enough to ensure that a valid threshold has
been measured. The actual times could be longer and need to be determined empirically by
using one or more trial samples. From this result the test duration can be more accurately
determined for the remainder of the tests.

steels (oys< 1,200 MPa) 10,000 hours
steels {o,s> 1,200 MPa) 5,000 hours
aluminum ailoys 10,000 hours
titanium alloys 1,000 hours

The large differences in guideline test durations among various alloys reflect inherent differences
in incubation periods and in crack growth kinetics. In some instances, it may be impractical or
impossible to achieve test durations as long as these. Under such circumstances, all data used
in a Keue OF Kiese determination should be qualified as to test duration (see Section 10.1.8).
Adequate test durations could be much shorter in environments that are more aggressive than
sodium chloride solutions, such as aqueous solutions of hydrogen sulfide, caustics, or ammonia.

8.5 Load Bracketing—The interval in applied K levels between specimens depends on the
desired accuracy of the Kg,c or Kiz,c value and the number of specimens to be tested. The
interval should be in the range of 10 to 20% of the estimated Kz, 0r Kigac Value.

8.6 Environmental Monitoring or Control—Environmental parameters are of vital importance
in K0 OF Kieac testing; therefore, careful monitoring and control of the solution is required.
Temperature, pH, conductivity, dissolved oxygen content, and electrode potential are variables
that can affect environment-assisted cracking processes. Among these parameters, it is
important to note that the electrode potential can exert a very strong influence on Kg,e O Kigac. It
is especially important that this parameter be carefully monitored and/or controlled either
continuously or at regular intervals throughout the test. Every chamber opening, specimen
inspection, and environment refreshing may result in a swing of the potential.




8.6.1 Itis necessary to maintain enough solution in the environmental chamber to ensure that
the crack-tip region of the specimen is immersed in the corrosive environment at all times and to
ensure that the concentration of the electrolyte is not increased by evaporation. Long-term
testing is conducive to the development of leaks at sites of contact between the environmental
chamber and the specimen; thus, seals between the chamber and the specimen should be
inspected regularly for leakage.

8.6.2 For tests involving sodium chloride solutions, replace the test solution at least weekly. it
may be desirable to provide a circulation system to ensure a constant level of aeration of the bulk
solution. The effects, if any, of aeration on K, measurements are complex and not completely
understood. Theoretical modeling studies have indicated, at least in steels, that the crack-tip
region is completely deoxygenated regardiess of the dissolved oxygen concentration in the bulk
solution (ref 18). In addition, the CO, from the air may play an important role. Laboratory studies
on steels have supported this hypothesis by demonstrating a lack of response to changes in bulk
solution dissolved oxygen content in K¢, tests on a steel in a sodium chioride solution (ref 19).
However, this may not be the case for titanium alloys, where deaeration has been demonstrated
to have an effect on K, values. Also, note that aeration increases dissolved oxygen and, thus,
may lower the pH, raise the corrosivity of the solution, and make the free corrosion potential
more anodic. For some solutions, oxygen gradients along the crack length can establish
potential gradients which assist ion migration into or out of the crack thus influencing the Kgac
measurement.

8.6.3 For tests in solutions other than sodium chloride, care should be taken to refresh the

solution at regular intervals, if required, to maintain the desired environmental conditions. The

~ frequency of refreshment required will depend on many variables and should be determined for
the particular environment/test material combination being studied.

8.6.4 For tests that require polarizing the specimen to a potential other than the free corrosion
potential (Test Method G 5), several recommendations are offered. The use of a potentiostat is
recommended rather than coupling the specimen to a dissimilar metal. However, when a
potentiostat is used, appropriate care must be given to specimen grounding. For tests involving
cathodic polarization with sacrificial anodes, periodic cleaning of the anodes and the specimen
may be necessary if significant corrosion or calcareous deposits are observed. ltis further
recommended that, when using sacrificial anodes, the surface area of the anode should be no
less than 25% of the specimen surface in contact with the solution. It is essential that the
anodes be located so that the specimen is polarized uniformly throughout the test area. In this
regard, adequate spacing between the specimen and anodes is necessary. Cathodic or anodic
polarization of the sample may promote changes in the solution chemistry particularly the solution
pH. As a result, when polarizing currents are applied, the pH should be checked more frequently
and precautions not required for open circuit potential experiment should be considered.

8.6.5 For bolt-load compact tests, remove the bolt-load at the end of the test while measuring
the CMOD. The change in CMOD upon unloading may be less than that of the original bolt-
loading of the specimen, because of the presence of corrosion products on the crack surfaces or
load relaxation. If the change in CMOD upon unloading is less than 90% of that of the loading,
check for presence of corrosion products and for evidence of load relaxation (see Section 5.1.7).
If no reason can be found for a change in CMOD due to unloading that is less than 90% of that
due to loading, then the constant displacement test method may not be suitable for these test
conditions, and a constant load test should be considered.
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8.7 Post-Test Examination—Specimen fracture surfaces must be visually examined after
testing. The fracture surfaces of specimens that did not fail shall be examined for evidence of
environment-assisted crack growth. Evidence of crack growth is taken as proof that the
specimen was loaded at a K level higher than Ky or Kigse

8.7.1 Break the specimen to expose the crack, taking care to minimize deformation. Cooling
ferritic steel specimens enough to ensure brittle behavior may be helpful. Advancing the crack by
fatigue may be needed in more ductile materials.

8.7.2 Inspect the tip of the initial fatigue precrack, looking for evidence of crack extension.
Characterize the fracture surface of the crack extension, in comparison with the fracture surface
formed by breaking the specimen to expose the crack. This inspection must be made with an
instrument capable of resolving 0.025 mm (0.001 in.). A scanning electron microscope is useful
for the fracture surface inspection and characterization.

8.8 Specimen Measurement—Specimen dimensions shall conform to the dimensions and
tolerances shown in Figs. 3 through 6. Three fundamental measurements are necessary to
calculate K, namely: thickness, B; original crack size, a,; and width, W. If significant metal loss is
expected during the experiment, dimensions Band W must be measured prior to testing.

8.8.1 Measure the thickness, B, to the nearest 0.025 mm (0.001 in.) or to 0.1%, whichever is
larger, at no fewer than three equally spaced positions along the line of expected crack extension
from the fatigue crack tip to the unnotched side of the specimen. Record the average of the
three measurements as B.

8.8.2 Measure the original crack size, a,, after fracture to the nearest 0.5% at the following three
positions: at the center of the crack front, and midway between the center of the crack front and
the ends of the crack front on each side surface. Calculate the average of the three
measurements and use the resulting crack length to calculate K. The following requirements
apply to the fatigue crack front:

8.8.2.1 The difference between any two of the three crack length measurements shall not exceed
10% of the average.

8.8.2.2 No part of the crack front shall be closer to the machined starter notch than 0.10 Bor 1
mm (0.04 in.) minimum. '

8.8.2.3 The surface crack length measurements shall not differ from the average crack length by
more than 15%.

8.8.2.4 The difference between these two surface measurements shall not exceed 10% of the
average crack length.

8.8.2.5 For the bolt-load compact specimen, the surface remaining ligament measurements (that
is, W - a) shall not differ from the average remaining ligament measurement by more than 15%.

8.8.3 Measure the width, W, using the designations in Figs. 3 through 5 appropriate to the
specific specimen geometry.
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8.8.4 The plane of the original crack shall be parallel to both the specimen width and thickness
directions within £10°.

9.0 CALCULATIONS AND INTERPRETING RESULTS

9.1 Determining the Stress Intensity Factor, K:

9.1.1 The formula for the cantilever beam specimen, taken from Reference 20, is:
%

K, = . fay W)
B ?

where:

6(30/ )1/2

flajW) = ————(1.9878 - 1.3253 (a/W) + (a)(ayW) [-3.8308 « 10.1081(a/W)
o
- 17.9415(a/W)? + 16.8282(a,/W)® - 6.2241(ay/W)"))

where:
o = 1-(a,/W) and
M = bending moment on the crack plane
where:
M = WL, + WL
W, = weight of arm
L, = distance from notch plane to center of gravity of arm
W, = total weight of platen, platen support, and added weight
L = moment arm as shown in Fig. 1
where
B = specimen thickness® as determined in Section 8.8.1
w = specimen width as determined in Section 8.8.3
a = original crack size as determined in Section 8.8.2

This expression for Kis valid for 0 < a/W < 1.

®For side grooved specimens replace B with B,y..... Where Biy..... = VBBy, and By is the
net thickness.
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9.1.2 The stress intensity factor formula for the compact specimen, taken from Test Method
E 399, is:

P 1%
K = 3 f(—M—/)
BW?
where:
(2+2) 2 3 4
a a a a
f(ﬂ): w [0.886+4.64(—2)-13.32(—2) +14.72(—) -5.6(—>) ]
w a, 3 w w w w
(1-—)2
and:
a, = original crack size as determined in Section 8.8.2
B = specimen thickness® as determined in Section 8.8.1
w = specimen width as determined in Section 8.8.3
P = load

This expression for Kis valid for a/W from 0.2 to 1.

98.1.3 The stress intensity factor formula for the bolt-load compact specimen, taken from
Reference 21, is:

K, - [V EW"haw)

faW) = [1-a/W]"?[0.654-1.88(a/W) 2.66(a/ W)?-1.233(a/ W)°]

where:

V., = crack-mouth opening displacement on the specimen face as determined in
Section 6.3

E = Young's modulus

a = original or final crack size as determined in Sections 8.8.2 and 8.8.4

B = specimen thickness® as determined in Section 8.8.1

w = specimen width as determined in Section 8.8.3

This expression for K is valid for H/W = 0.486 and for a/Wfrom 0.3 to 1.

®For side grooved specimens replace Bwith B,y...,. Where Biyeci = VBBy, and By is the
net thickness.
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9.2 Determining K¢y oF Kigae:

9.2.1 For the cantilever beam and compact specimens, the value of K, or Kz, determined by
this method is the highest applied K level that did not cause a fracture or evidence of subcritical
crack growth in a specimen after reaching the recommended test duration (determined by the
procedure described in Section 8.7).

9.2.2 For the bolt-load compact specimen, the value of K, or Kz, determined by this method
is the lowest applied K level that shows evidence of subcritical crack growth in a specimen after
reaching the recommended test duration (determined by the procedure described in Section 8.7).

9.3 Validity Check:

9.3.1 Calculate the value of the parameter 2.5(Kz4c/0ys)’, Where oy is the 0.2% offset tensile
yield strength at the same temperature as the threshold Ktest (see Test Method E 8). This
quantity must be less than each of B, a, and W - a,to meet the primary plane strain validity
criteria for Kigac.

9.3.2 Calculate the value of the parameter (4/m)(Kgac/0ys)?; in this calculation, oys may be
replaced by o, for high work-hardening materials with an ultimate to yield strength ratio greater
than 1.3. This quantity must be less than (W - a,) to meet the validity criteria for Kgac.

10.0 REPORT

10.1 The report shall include the following information for each specimen tested.

10.1.1 The type of specimen tested and the principal dimensions of the specimen, including
thickness, width, notch depth, precrack length, crack plane orientation as defined in Test Method
E 399 and, if present, dimensions of side-groove.

10.1.2 Descriptions of the test equipment, including loading fixture, method of loading, rate of
initial loading, displacement gages, environmental chamber, and all equipment used for
environmental monitoring and control.

10.1.3 Description of the tested material, including available chemical analyses, processing, and
mechanical property data.

10.1.4 Details of the fatigue precracking procedure, including the value of K, and the stress
intensity range, AK used in the final increment precracking (defined in Section 7.3.4).

10.1.5 Composition of the bulk solution, time in solution before loading, temperature, and
frequency of replacement of the bulk solution throughout the duration of the test.

10.1.6 Results of monitoring or control of environmental variables, including specimen potential
and temperature, pH, and dissolved oxygen content of the bulk solution. Such variables must be
reported in terms of both the normal daily range experienced throughout the duration of the test
and relevant trends.
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10.1.7 Fracture appearance, including fatigue crack irregularity, out-of-plane cracking, crack
branching, shear lips, and evidence of subcritical crack growth in specimens.

10.1.8 K, and K., qualified relative to the following:

10.1.8.1 K and time-to-failure values bracketed in the determination of threshold.

10.1.8.2 Number of replicate tests included in the bracketing. |
10.1.8.3 Duration of all tests that did not result in failure (run outs).

10.1.8.4 The a,/W values of the specimens used in threshold determination.

10.1.8.5 Whether the validity criteria for specimen dimensions were met in each instance.

10.1.9 Anomalies, interruptions, or transients encountered during the test must be described in
terms to magnitude, time of occurrence, and duration.

11.0 PRECISION AND BIAS

11.1 Precision:

11.1.1 The precision of K¢, or K, determinations is a function of the precision of the several
specimen dimensions and test stand measurements, the precision of the load measurement, and
the precision of the post-test measurement of crack length. In addition, significant variations in
the Keae OF Kieac value can result if the active environmental parameters are not adequately
controlled and if the tested material is not homogeneous. [t is not possible to assess the
precision of the test in the face of so many variables. However, it is possible to derive useful
information concerning the precision of a K¢, or Kieac measurement from the results of two
interlaboratory test programs (refs 22,23). in these programs it was attempted to choose a
homogeneous test material and the test environment was chosen as one that was easy to
achieve.

11.1.2 Reference 22 reported results of an interlaboratory test program conducted by an ASTM
Joint Task Group E24.04.02/G01.06.04. The program involved testing precracked
cantilever-beam specimens of AlIS| 4340 steel, heat treated to a yield strength of 1240 MPa in
3.5% NaCl aqueous solution at room temperature and at the freely corroding potential. Based on
results provided by eight laboratories, the apparent K., after 1000 hours of testing was
determined to have a mean value of 34.5 MPavm with an estimated 95% confidence interval of
5.8 MPavm. One of the participating laboratories extended the testing time to 20,000 hours and
measured a K., value of 30 MPavm. This value is consistent with those measured in the 4000-
hour experiments.

11.1.3 Reference 23 reported results of an interlaboratory test program conducted by the 129th
Committee of the Japan Society for the Promotion of Science. The test program was quite
similar to Reference 21 with regard to specimens, materials, and environment, except that longer
tests were conducted. In one test material, based on results provided by five laboratories, the
apparent K., after 4000 hours of testing was determined to have a mean value of 44.3 MPavm
with a standard deviation of 4.33 MPa/m. In a second test material, based upon 4000-hour tests
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conducted by six laboratories, the apparent Kz, had a mean value of 28.9 MPav/m with a
standard deviation of 5.52 MPavy'm.

11.1.4 Variations similar to those reported in References 22 and 23 should be expected from
future experiments.

11.2 Bias—There is no accepted standard value of K, for any material. In the absence of a
fundamentali value, no meaningful statement can be made concerning the bias of data.

12.0 KEYWORDS

12.1 constant load: environment-assisted cracking; metallic materials; plane strain; precracked
specimen; threshold stress intensity factor
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NoTe 2—The intersection of the crack starter notch tps with the two spec:mer surfaces shail
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NoTe 4~—For starter notch and fatigue crack configuration see Fig. 5.
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FIG.5 Standard Proportions and Tolerances for the Compact Specimen
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—> Fatigue Crack Note 1&3 ~ Note 4

| 4
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Straight Through Notch

— l=—Fatigue Crack Note 2 & 3

|

|
e 45Wto 55—

Slot Ending in Drilled Hole

D <w/10

NoTe 1—Fatigue crack extension on each surface of the specimen.

Note 2—Fatigue crack extension on each surface of the specimen from the
stress riser tipping the hole shail be at least 0.5 D or 1.3 mm whichever is farger.

NoTe 3-—Crack starter notch shall be perpendicular to the specimen surtace
and to the intended direction of crack propagation within =2°

NoTe 4—Notch width h need not be less than 1.6 mm

FIG. 7 Crack Starter Notch and Fatigue Crack Configurations
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DISCUSSION AND CLOSING

The important technical additions to ASTM Method E1681 in the proposed modifications
given above are:

. Specimen configuration shown in Figures 3 and 6
. Expressions for stress intensity factor given in Section 9.1.3
. Discussion of load relaxation that can occur with the bolt-load specimen,

given in Sections 5.1.7 and 8.6.5

The specimen configuration is the same as that used in the original work by Wei and
Novak (ref 2); it has worked well for a wide variety of materials, so there is no reason to change.
The K expressions are from prior Army results (ref 1). They agree closely with other expressions
in the literature, but have a simpler form and can be used over a broader range of crack depths.
The load relaxation discussions warn the user of the standard about drops in load that can occur,
particularly when testing materials of significantly lower strength than the 1100 to 1200 MPa yield
strength steels of the Army applications discussed here.

The proposed modifications to ASTM Standard E1681 described here were developed in
close association with investigations of environmental cracking in cannon components, so they
have direct application to the Army. Technical input from universities, industry, and other
government organizations during the recently completed ASTM Committee ballot has shown that
there is broadly based interest in and application for the modified standard. The final ASTM-wide
ballot that is now underway will complete the development of the modified standard.
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