QGPIM) Designation: E 1823 — 09a

i’

INTERNATIONAL

Standard Terminology

Relating to Fatigue and Fracture Testing’

This standardisissued under the fixed designation E1823; the numberimmediately following the designation indicates the year of
originaladoptionor,inthecaseofrevision, theyearoflastrevision. Anumberinparenthesesindicatestheyearoflastreapproval. A
superscriptepsilon( &)indicatesaneditorialchangesincethelastrevisionorreapproval.

1. Scope

1.1 This terminology contains definitions, definitions of

termsspecifictocertainstandards,symbols,andabbreviations
approved forusein standards on fatigue and fracture testing.
The definitions are preceded by two lists. The first is an
alphabeticallistingofsymbolsused.(Greeksymbolsarelisted
inaccordancewiththeirspellinginEnglish.) Thesecondisan
alphabeticallisting of relevantabbreviations.

1.2 This terminology includes Annex Al on Units and
AnnexA2onDesignationCodesforSpecimenConfiguration,
AppliedLoading,and Crack or Notch Orientation.

2. Referenced Documents

2.1 ASTM Standards: >

E 6 Terminology Relating to Methods of Mechanical Test-
ing

E 23 Test Methods for Notched Bar Impact Testing of
Metallic Materials

E 28 Test Methods for Softening Point of Resins Derived
fromNaval Stores by Ring-and-Ball Apparatus

E208 Test Method for Conducting Drop-Weight Test to

DetermineNil-Ductility TransitionTemperatureof Ferritic

Steels

E338 Test Method of Sharp-Notch Tension Testing of
High-Strength SheetMaterials

E399 TestMethodforLinear-ElasticPlane-StrainFracture
Toughness K ;. of MetallicMaterials

E436 Test Method for Drop-Weight Tear Tests of Ferritic
Steels

E467 Practice for Verification of Constant Amplitude Dy-
namic Forcesinan Axial Fatigue Testing System

E468 Practicefor Presentation of Constant Amplitude Fa-
tigue TestResults forMetallic Materials

E561 TestMethodfor ~ K-R CurveDetermination

E602 Test Method for Sharp-Notch Tension Testing with
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Cylindrical Specimens

E604 Test Method for Dynamic Tear Testing of Metallic
Materials

E606 Practicefor Strain-Controlled Fatigue Testing

E647 Test Method for Measurement of Fatigue Crack
GrowthRates

E739 Practice for Statistical Analysisof Linear or Linear-
izedStress-Life( S-N)andStrain-Life( e-V)FatigueData

E740 Practice for Fracture Testing with Surface-Crack
Tension Specimens

E813 Test Method forJIc, AMeasure of Fracture Tough-
ness

E992 Practicefor Determinationof Fracture Toughness of
Steels Using Equivalent Energy Methodology
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E1152 TestMethod for Determining-J-R-Curves

E1221 Test Method for Determining Plane-Strain Crack-
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E1457 Test Method for Measurement of Creep Crack
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E1681 Test Method for Determining Threshold Stress In-
tensity Factor forEnvironment-Assisted Cracking of Me-
tallicMaterials

E1737 TestMethodforJ-IntegralCharacterizationofFrac-
ture Toughness (Discontinued 1998) 3

E1820 Test Method for Measurement of Fracture Tough-
ness

E1921 TestMethod for Determination of Reference Tem-
perature, T, forFerritic Steelsinthe Transition Range

E1942 Guide for Evaluating Data Acquisition Systems
UsedinCyclic Fatigue and Fracture Mechanics Testing

E2208 GuideforEvaluatingNon-ContactingOpticalStrain
Measurement Systems

E2443 Guide for Verifying Computer-Generated Test Re-
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E2472 Test Method for Determination of Resistance to
Stable Crack Extensionunder Low-Constraint Conditions
G 15 Terminology Relating to Corrosion and Corrosion

Testing

3. Terminology

3.1 AlphabeticalListingofPrincipalSymbolsUsedinThis

Terminology:

Symbol

K, K, Ky, Ks,
Ki, K, Kin
Ka

Ko

KEAC

’<Ia
l{IEAC

Kic
}(Iva }(Ivv }(Ivj
Kinax

min

o

Kr

3
)
X

-<“o"‘“-°3‘U'U'U
5

Term

crack depth, crack length, crack size, estimated crack
size

effective crack size

notch length

original crack size

physical crack size

normalized crack size

force ratio (P,/P,,)

net-section area

remaining ligament

original uncracked ligament

specimen thickness

effective thickness

net thickness

surface-crack length

normalized K-gradient

cycle ratio (n/N;)

C*(t) - Integral

fatigue-crack-growth rate

crack-tip opening displacement (CTOD)
specimen gage length

crack extension, estimated crack extension
stress-intensity-factor range
fatigue-crack-growth threshold

force range

strain amplitude

inelastic strain

mean force

crack-extension force

crack-extension resistance

specimen center of pin hole distance
the path of the J-integral

J-integral

plane-strain fracture toughness
crack-extension resistance

fatigue notch factor

theoretical stress concentration factor (sometimes ab-
breviated stress concentration factor)
stress-intensity factor (see mode)

crack-arrest fracture toughness

plane-stress fracture toughness

stress intensity factor threshold for environment-
assisted cracking

plane-strain crack-arrest fracture toughness
stress intensity factor threshold for plane strain
environment-assisted cracking

plane-strain fracture toughness

plane-strain (chevron-notch) fracture toughness
maximum stress-intensity factor

minimum stress-intensity factor

stress-intensity factor at crack initiation
crack-extension resistance

cycles endured

fatigue life

force

force amplitude

mean force

precrack force

maximum force

minimum force

fatigue notch sensitivity

effective unloading slope ratio

critical slope ratio

plastic-zone adjustment

Symbol Term

R force ratio (Ppin/Pmax)

s sample standard deviation

s? sample variance

S specimen span

S. force amplitude

S fatigue limit

Sm mean force

Sn fatigue strength at N cycles

[ crack strength

oN nominal (net-section) stress

o, residual strength

g sharp-notch strength

Org tensile strength

Ty, Oy, Oy normal stresses (refer to )

oy effective yield strength

Oys yield strength

T specimen temperature

tr transition time

T total cycle period

ToysT yzr Tzx shear stresses (refer to Fig. 1)

u displacement in x direction

v displacement in y direction

2V crack-mouth opening displacement
V. force-line displacement due to creep
w displacement in z direction

w specimen width

Y* stress-intensity factor coefficient
Ym minimum stress-intensity factor coefficient

3.2 Alphabetical Listing ofAbbreviations Used:

CMOD crack-mouth opening displacement
coD see CTOD

CTOD crack-tip opening displacement
DT dynamic tear

DWTT drop-weight tear test

EAC environment-assisted cracking
K-EE equivalent-energy fracture toughness
NTS notch tensile strength

PS part-through surface

sce stress corrosion cracking

Szw stretch zone width

3.3 Definitions—Each definition is followed by the desig-
nation(s)ofthestandard(s)oforigin. Thelistingofdefinitions
isalphabetical.

alternating force —See loading amplitude.

applied-K curve—a curve (a fixed-force or fixed-
displacement crack-extension-force curve) obtained froma
fracturemechanicsanalysisforaspecificconfiguration. The
curve relates the stress-intensity factor to crack size and
eitherapplied forceordisplacement.

Discussion—Theresultinganalyticalexpressionissometimescalled
a K calibration and is frequently available in handbooks for stress-

intensity factors. E 647

basic data—the sampled value of a sensor taken at fixed or
variable time intervals. Each sample represents the value
measured by thesensoratthatinstantoftime.

Discussion—in Test Method E2208, for optical, non-contacting
methods,atwodimensionalarray ofimageintensity datais generally

the basic data. E 1942, E 2208, E 2443

block—in fatigue loading , a specified number of constant
amplitude loading cycles applied consecutively, or a spec-
trum loading sequence of finite length that is repeated
identically. E 1823
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Crack Front

Note—See definition of mode.
FIG. 1 Customary Coordinate System and Stress on a Small Volume Element Located on the x Axis Just Ahead of the Crack Front

blunting line—in fracture testing, a line that approximates
apparent crack advance due to crack-tip blunting in the
absence of slow stable crack tearing. The line is defined
based on the assumption that the crack advance is equal to
one half of the crack-tip opening displacement. This estimate
of pseudo-crack advance, Aay , is based on the effective
yield strength of the material tested. E 813
Aay = JR2 oy (1)

circulation rate [L> T~'1—in fatigue testing, the volume rate
of change of the environment chamber volume. E 1823
clipping—in fatigue spectrum loading, the process of decreas-
ing or increasing the magnitude of all loads (strains) that are,
respectively, above or below a specified level, referred to as
clipping level; the loads (strains) are decreased or increased
to the clipping level (see Fig. 2). E 1823
compliance (LF '], n— the ratio of displacement increment to
force increment. E 1820
confidence interval—an interval estimate of a population
parameter computed so that the statement ''the population
parameter included in this interval” will be true, on the
average, in a stated proportion of the times such computa-
tions are made based on different samples from the popula-
tion. E 1823
confidence level (or coefficient)—the stated proportion of the
times the confidence interval is expected to include the
population parameter. E 1823
confidence limits—the two statistics that define a confidence
interval. E 1823
control force, Pm [F]—a calculated value of maximum force
used in Test Method E 1820 to stipulate allowable precrack-
ing limits. E 1820, E 1921
constant amplitude loading— in fatigue loading, a loading
(straining) in which all of the peak forces (strains) are equal

and all of the valley forces (strains) are equal. E 1049
constant life diagram— in fatigue, a plot (usually on rectan-
gular coordinates) of a family of curves each of which is for
a single fatigue life, NV, relating stress amplitude, S,, to mean
stress, S,,, or maximum stress, S,,.., or both, to minimum
stress, S, The constant life fatigue diagram is usually
derived from a family of S-N curves each of which repre-
sents a different stress ratio (A or R) for a 50 % probability
of survival. E 1823
control force, Pm [F]—a calculated value of maximum force
used in Test Method E1820 to stipulate allowable precrack-
ing limits. source E 1820, E 1921
corrosion fatigue—the process by which fracture occurs
prematurely under conditions of simultaneous corrosion and
repeated cyclic loading at lower stress levels or fewer cycles
than would be required in the absence of the corrosive
environment. G 15
counting method—in fatigue spectrum loading, a method of
counting the occurrences and defining the magnitude of
various loading parameters from a load-time history; (some
of the counting methods are: level crossing count, peak
count, mean crossing peak count, range count, range-pair
count, rain-flow count, racetrack count). E 1049
crack displacement [L.]—the force-induced separation vector
between two points (on the facing surfaces of a crack) that
were initially coincident.

Discussion—In Practice E 561, displacement is the distance that a
chosen measurement point on the specimen displaces normal to the
crack plane. Measurement points on the C(W) and C(T) specimen

configurations are identified as locations VO, V1, and V2. E 561
crack extension, Aa [LL]—an increase in crack size.
Discussion—For example, in Practice E 561, Aap or Aa . is the
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— —— clipping level

~— — ——— clipping level

FIG. 2 Clipping of Fatigue Spectrum Loading

differencebetweenthecracksize,either
(effectivecracksize),and

a (physicalcracksize)or a .
a, (originalcracksize). E 561

crack-extension force, G [FL™! or FLL2]—the elastic en-
ergyperunitofnewseparationareathatismadeavailableat
thefrontofanidealcrackinanelasticsolidduringavirtual
incrementof forward crack extension.

Discussion—This force concept implies an analytical model for
whichthestress-strainrelationsareregardedaselastic. The preceding
definitionof G appliestoeitherstaticcracksorrunningcracks. From
pastusage, G iscommonly associated with linear-elastic methods of
analysis, although the J (see J-integral) also may be used for such

analyses. E 1823

crack-extension resistance, K ¢ [FL_3/2], Gy [FL™'] or Jr
[FL~']—ameasure of the resistance of a material to crack
extensionexpressedintermsofthestress-intensityfactor, K;
crack-extension force, Gj;orvaluesof J derivedusingthe
J-integral concept.

E 561

Discussion—Seedefinitionof R-curve.

crack initiation—the onset of crack propagation from a
preexistingmacroscopiccrackcreatedinthespecimenbya
stipulated procedure. E 1921

crack length, a [LL]—See crack size and surface crack
length. Also see cracklengthin the Description of Terms .

E 647

crack-mouth opening displacement (CMOD), 2v,, [L]—the
Mode 1 (also called opening-mode) component of crack
displacement resulting from the total deformation (elastic

plusplastic),measuredunderforceatthelocationonacrack
surface that has the greatest elastic displacement per unit
force.

Discussion—In part-through surface-crack (PS) specimens, CMOD
is measured on the specimen surface at the midpoint of the crack

length. E 740

crack-plane orientation—an identification of the plane and
directionoffractureorcrackextensioninrelationtoproduct
configuration. Thisidentificationisdesignatedbyahyphen-
ated code with the first letter(s) representing the direction
normaltothecrackplaneandthesecondletter(s)designat-
ingtheexpecteddirection of crack propagation.

Discussion—See also E1823 Annex A2, (A2.4 on crack or notch
E 399, E 1457

orientation).

crack size, a [L]—a lineal measure of a principal planar
dimensionofacrack.Thismeasureiscommonlyusedinthe
calculation of quantities descriptive of the stress and dis-
placement fields and is often also termed crack length or
depth.

Discussion—Forexample,intheC(T)specimen  a ismeasuredfrom
thelineconnectingthebearingpointsofforceapplication;intheM(T)
specimen, a ismeasuredfromtheperpendicularbisectorofthecentral
crack.

Discussion—Inpractice,thevalueof  a isobtainedfromprocedures
formeasurementofphysicalcracksize, ap,originalcracksize, a ,.and
effectivecracksize, a.,asappropriatetothesituationbeingconsidered.

E 647
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crack strength, o, [FL~2]—the maximum value of the nomi-
nal stress that a cracked structure is capable of sustaining.

Discussion—1 Crack strength is calculated on the basis of the
maximum force and the original minimum cross-sectional area (net
cross section or ligament). Thus, it takes into account the original size
of the crack but ignores any crack extension that may occur during the
test.

Discussion—2 Crack strength is analogous to the ultimate tensile
strength, as it is based on the ratio of the maximum force to the

minimum cross-sectional area at the start of the test. E 338, E 602

crack-tip opening displacement (CTOD), 8, [L.]—the crack
displacement resulting from the total deformation (elastic
plus plastic) at variously defined locations near the original
(prior to force application) crack tip.

Discussion—In common practice, & is estimated for Mode 1 by
inference from observations of crack displacement nearby or away, or

both, from the crack tip. E 1290

crack-tip plane strain—a stress-strain field (near the crack
tip) that approaches plane strain to the degree required by an
empirical criterion.

Discussion—For example, in Mode 1, the criterion for crack-tip
plane strain given by Test Method E 399 requires that plate thickness,

E 399

B, must be equal to or greater than 2.5 (K/(rys)2.

crack-tip plane stress—a stress-strain field (near the crack tip)
that is not in plane strain.

Discussion—In such situations, a significant degree of plane strain

E 1823

may be present.

criterion of failure—complete separation, or the presence of a
crack of specified length visible at a specified magnification.
Other criteria may be used but should be clearly defined.

E 468

crystallographic cleavage—the separation of a crystal along a
plane of fixed orientation relative to the three-dimensional
crystal structure within which the separation process occurs,
with the separation process causing the newly formed
surfaces to move away from one another in directions
containing major components of motion perpendicular to the
fixed plane. E 1823

cumulative frequency spectrum—See exceedances spectrum.

cumulative occurrences spectrum—See exceedances spec-
trum.

cycle—in fatigue, one complete sequence of values of force
(strain) that is repeated under constant amplitude loading
(straining). (See Fig. 3.) The symbol N (see definition of
fatigue life) is used to indicate the number of cycles.

Discussion—In spectrum loading, definition of cycle varies with the
counting method. E 1823

cycle ratio, D— the ratio of cycles endured, 7, to the estimated
fatigue life, N, obtained from the stress versus fatigue life
(S-N) or the strain versus fatigue life (e-N) diagram for
cycles of the same character, that is, D = n/Nf. E 1823
cycles endured, n—in fatigue, the number of cycles of
specified character (that produce fluctuating force) which a
specimen has endured at any time in its force history.
E 1823

cyclic loading—See fatigue loading.
deaeration—in environmentally affected fatigue testing, the
process of removal of air from the liquid environment before
and during a test. E 1823
derived data—data obtained through processing of the basic
data. Typically, this is displacement field data. E 1942,
E 2208, E 2443
dynamometer—an elastic calibration device used to verify the
indicated forces applied by a fatigue testing system. It shall
consist of an instrumented member having mass, stiffness,
and end displacements such that the inertial effects of the
specimen and its attachments to the testing machine for
which the verification of forces is desired are duplicated
within 5 %. The instrumentation shall permit an accurate
determination of the magnitude of the average strain in a
region of the uniform transverse cross section when the
dynamometer is subjected to a tensile or compressive force
along its longitudinal axis, within 1 % of the true strains. A
strain gaged specimen is often used as a dynamometer.
E 467
dynamometer dynamic forces [F]—the maximum and mini-
mum forces (or the mean force and the force amplitude) that
correspond to the readings obtained from the dynamometer
output according to an existing static calibration. Such forces
are considered true specimen dynamic forces for the purpose
of this terminology. E 467
dynamometer range [F]—the range of forces for which the
dynamometer may be used for verification purposes. A
dynamometer for use in tension and in compression will
have two dynamometer ranges, one in tension and one in
compression. E 467
effective crack size, a , [L]—the physical crack size aug-
mented to account for crack-tip plastic deformation.

Discussion—Sometimes the effective crack size, a,, is calculated
from a measured value of a physical crack size, a,, plus a calculated
value of a plastic-zone adjustment, r. Another method for calculation
of a, involves comparing the compliance from the secant of a
force-deflection trace with the elastic compliance from a calibration for

E 561

the given specimen design.

effective modulus, Ee[FL'z]—the value of Young’s modulus
that produces an accurate correspondence between the ex-
perimentally measured compliance at the original crack size
and the analytically developed compliance calculated for the
same crack size. E 561, E 1921

Discussion—for Test Method E 1291, effective modulus, Ee[FL'z] is
an elastic modulus that can be used with experimentally determined
elastic compliance to effect an exact match to theoretical (modulus-
normalized) compliance for the actual initial crack size, a,.

effective thickness B ., [L]—for compliance-based extension
measurements: E 1823, E 1820
B, =B — (B— B)*/B 2)

Discussion—for Test Method E 1820, for side-grooved specimens Be
= B—(B-By)/B. This is used for elastic unloading compliance mea-
surement of crack size.

effective yield strength, o, [FL™?]—an assumed value of
uniaxial yield strength, that represents the influences of
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FIG. 3 Fatigue Loading Basic Terms

E 1820,
E 1921

plasticyieldinguponfracturetest parameters.

Discussion—1 It is calculated as the average of the 0.2% offset
yieldstrength, oyg,andtheultimatetensilestrength, o g,asfollows:

oy = (05 T og9)l2 (3)
Discussion—2 In estimating o, influences of testing conditions,
suchasloadingrate and temperature, should beconsidered.

environment—in fatigue testing , the aggregate of chemical
speciesandenergy thatsurroundsatestspecimen. E 1823
environment chamber— in fatigue testing ,the container of
thebulk volume surrounding atestspecimen. E 1823
environment chamber volume [L*]—infatiguetesting ,that
bulk volume surrounding atestspecimen. E 1823
environment composition [ML~]—incorrosionfatiguetest-
ing, the concentration of the chemical components in the
fluidenvironmentsurrounding atestspecimen. E 1823

environment hydrogen content [ML™3]—in corrosion fa-
tigue testing , the hydrogen gas concentration of the fluid
environmentsurroundingatestspecimen. E 1823
environment monitoring— infatiguetesting ,theperiodicor
continuous measurement of fluid concentrations of the
environment. E 1823
environment oxygen content [ML™>}—in corrosion fatigue
testing, the oxygen concentration of the fluid environment
surroundingatestspecimen. E 1823
environment pressure [FL=>|—infatiguetesting thepressure
ofthebulk volume surrounding atestspecimen. E 1823
environment temperature— infatiguetesting ,thetempera-
ture of the bulk volume surrounding a test specimen.
E 1823
environment volume [L3]—in fatigue testing ,the total vol-
ume immediately surrounding a test specimen plus that
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contained in a circulating reservoir if applicable. E 1823
estimate—in statistical analysis, the particular value or values
of a parameter computed by an estimation procedure for a
given sample. E 1823
estimated crack extension, Aa[L.]—an increase in estimated
crack size (Aa=a—a ,, ). E 1737
estimated crack size a[L]—the distance from a reference
plane to the observed crack front developed from measure-
ments of elastic compliance or other methods. The reference
plane depends on the specimen form, and it is normally
taken to be either the boundary, or a plane containing either
the force line or the centerline of a specimen or plate. The
reference plane is defined prior to specimen deformation.
E 1737
estimation—in statistical analysis, a procedure for making a
statistical inference about the numerical values of one or
more unknown population parameters from the observed
values in a sample. E 1823
exceedances spectrum— in fatigue loading, representation of
spectrum loading contents by the number of times specified
values of a particular loading parameter (peak, range, and so
forth) are equaled or exceeded (also known as cumulative
occurrences or cumulative frequency spectrum). E 1823
fatigue—the process of progressive localized permanent struc-
tural change occurring in a material subjected to conditions
that produce fluctuating stresses and strains at some point or
points and that may culminate in cracks or complete fracture
after a sufficient number of fluctuations.

Discussion—1 In ceramic technology, static tests of considerable
duration are called “static fatigue” tests, a type of test referred to as
stress-rupture in metal testing.

Discussion—2 Fluctuations may occur both in force and with time

E 1823

(frequency) as in the case of “random vibration.”

fatigue-crack-growth rate, da/dN , [L]—the rate of crack
extension under fatigue loading, expressed in terms of crack
extension per cycle of fatigue. E 1823

fatigue-crack-growth threshold, AK,, [FL™**]—that asymp-
totic value of AK at which da/dN approaches zero. For most
materials an operational, though arbitrary, definition ofA K,
is given as that AK which corresponds to a fatigue crack
growth rate of 107'° m/cycle.

Discussion—The intent of this Definition is not to define a true
threshold, but rather to provide a practical means of characterizing a
material’s fatigue crack growth resistance in the near-threshold regime.

E 647

Caution is required in extending this concept to design.

fatigue cycle—See cycle.

fatigue life, N, —the number of cycles of a specified character
that a given specimen sustains before failure of a specified
nature occurs. Fatigue life, or the logarithm of fatigue life, is
a dependent variable. E 1823

fatigue life for p %survival—an estimate of the fatigue life
that p % of the population would attain or exceed under a
given loading. The observed value of the median fatigue life
estimates the fatigue life for 50 % survival. Fatigue life for
p % survival values, where p is any number, such as, 95, 90,
and so forth, also may be estimated from the individual
fatigue life values. E 1823

fatigue limit, S ; [FL~2]—the limiting value of the median
fatigue strength as the fatigue life, N, becomes very large.

Discussion—Certain materials and environments preclude the attain-
ment of a fatigue limit. Values tabulated as “fatigue limits” in the
literature are frequently (but not always) values of S  for which 50 %
of the specimens survive a predetermined number of cycles. These

E 1823

specimens are frequently tested at a mean stress of zero.

fatigue limit for p %survival [FL~2]—the limiting value of
fatigue strength for p % survival as N becomes very large; p
may be any number, such as 95, 90, and so forth. E 1823

fatigue loading—periodic, or not periodic, fluctuating loading
applied to a test specimen or experienced by a structure in
service. (Also known as cyclic loading.) E 1823

fatigue notch factor, k ; —the ratio of the fatigue strength of
a specimen with no stress concentration to a specimen with
a stress concentration for the same percent survival at N
cycles and for the same conditions.

Discussion—1 In specifying kg, it is necessary to specify the
geometry and the values of S,, S, and N for which it is computed.

Discussion—2 k; was originally termed the fatigue limit (endurance
limit) reduction factor. Early data pertained almost exclusively to mild
steels, namely, to S , — N curves with knees. Later the term was
generalized to fatigue strength reduction factor; but, nevertheless, the k;
values tabulated in the literature still pertain almost exclusively to very
long (“infinite”) fatigue lives where the notched and unnotched S, — N
curves were almost parallel and almost horizontal. Otherwise, the k ¢
data are not consistent and are markedly dependent on the type of
notch, the fatigue life of interest, and the value of the mean stress.

Discussion—3 Virtually no k; data exist for percentiles other than
(approximately) 50 %. Nevertheless, k; is highly dependent on the

E 1823

percentile of interest.

fatigue notch sensitivity, g—a measure of the degree of
agreement between fatigue notch factor, k;, and theoretical
stress concentration factor, k,.

Discussion—1 The definition of fatigue notch sensitivity is ¢ = (k¢
- D/(k, = 1).

DiscussioN—2 g was originally termed the fatigue notch sensitivity
index.

Discussion—3 Virtually all ¢ data and ¢ curves found in the
literature pertain to very long (“infinite”) fatigue lives where the
notched and unnotched S, — N curves are almost parallel and almost
horizontal, as well as to tests in which S, =0. Thus, these values
should not be extrapolated to S,, # 0 or “finite” life situations.

Discussion—4 Fatigue notch sensitivity is not considered to be a

E 1823

material property.

fatigue strength at N cycles, Sy [FL™2]—a value of stress for
failure at exactly N cycles as determined from an S — N
diagram. The value of Sy thus determined is subject to the
same conditions as those which apply to the S — N diagram.

Discussion—The value of Sy that is commonly found in the literature
is the value of S ., or S, at which 50 % of the specimens of a given
sample could survive N stress cycles in which S, =0. This is also

E 1823

known as the median fatigue strength for N cycles.

fatigue strength for p % survival at N cycles [FL2]—an
estimate of the stress level at which p % of the population
would survive N cycles; p may be any percent, such as 95,
90, and so forth.
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Discussio—ASTM STP 588 # and STP 744 > include estimation
methods forthese values. E 1823

fatigue testing system—adeviceforapplyingrepeatedforce
cyclestoaspecimenorcomponent. E 467

ferritic steels—typically carbon, low-alloy, and higher alloy
grades.Typicalmicrostructuresarebainite,temperedbainite,
tempered martensite, and ferrite and pearlite. All ferritic
steels have body centered cubic crystal structures that
display ductile-to-cleavage transition temperature fracture
toughnesscharacteristics.SeealsotestmethodsE 23,E208,
andE436. E 1921

Discussion—This definitionis notintended toimply thatall of the
many possible types of ferritic steels have been verified as being
amenabletoanalysisby TestMethod E1921.

force [F]—used in Practices E1049 to denote force, stress,
strain, torque, acceleration, or other parameters of interest.

force, P[F]—the force applied to a test specimen or to a
component. E 1823

force line displacement rate dA, , /dt [LT']—rateofincrease
of specimenforce-linedisplacement. E 1921

force range, AP [FL ~2]—in fatigue loading , the algebraic
differencebetweensuccessivevalley andpeakforces(posi-
tiverangeorincreasingforcerange)orbetweensuccessive
peak and valley forces (negative range or decreasing force
range).(SeeFig.3.)Inconstantamplitudeloading,therange
isgivenasfollows:

AP=Pp - P min (4)

Discussion—Incyclecountingby variousmethods, itiscommonto
employ ranges between valley and peak forces, or between peak and
valley forces, which are not necessarily successive events. The word
“range”isusedinthisbroadersensewhendealingwithcyclecounting.

E 1823

max

force ratio (also stress ratio), R,A —infatigue ,thealgebraic
ratio of the two loading parameters of a cycle. The most
widelyusedratiosareasfollows

_ minimumload P, Sy
R = haximumload Poox S max -and )
_ loadingamplitude P, S,
N meanload TP, S. ©)

m

E 647

force (strain) amplitude, P , (S, or &,) [F or FL]—in

fatigueloading ,onehalfoftherangeofacycle(seeFig.3)

(alsoknownas alternatingforce ). E 1823
force transducer—adevicewhichindicatestheappliedforce

by means of an electrical voltage. Usually the electrical

voltageincreaseslinearly withapplied force. E 467
fracture toughness—agenerictermformeasuresofresistance

toextensionofacrack.

Discussion—The termis sometimes restricted toresults of fracture
mechanics tests, which are directly applicable in fracture control.
However,thetermcommonlyincludesresultsfromtestsofnotchedor
precrackedspecimenswhichdonotinvolvefracturemechanicsanaly-

4 ManualonStatistical Planning andAnalysis, ASTMSTP588,ASTM, 1975

> Statistical AnalysisofFatigueData ~ ,ASTMSTP744,ASTM, 1979.

sis. Results from tests of the latter type are often useful for fracture
control,baseduponeitherserviceexperienceorempirical correlations

E 740

withtestsanalyzedusing fracture mechanics.

frequency distribution—thewayinwhichthefrequenciesof

occurrence of members of a population, or a sample, are

distributed in accordance with the values of the variable

underconsideration. E 1823
group—in fatigue , specimens of the same type tested at a

specifictime, orconsecutively, atone stress level. A group

may comprise one ormore specimens. E 1823
high point, High—the pointonaforce-displacementplot, at

the start of an unloading-reloading cycle, at which the

displacementreverses direction, that is, the point at which

the specimen mouth begins closing due to unloading (see

pointslabeledHighinFig.4andFig.5). E 1304
hold time [T]—infatigue testing ,the amountoftimeinthe

cyclewherethecontrolledtestvariable(forexample, force,

strain, displacement) remains constant with time. (See Fig.

6.) E 606
hysteresis diagram—infatigue ,thestress-strainpathduringa

cycle. E 1823
ideal crack—a simplified model of a crack. In a stress-free

body, thecrackhastwosmoothsurfacesthatarecoincident

and join within the body along a smooth curve called the

crack front; in two-dimensional representations the crack

frontiscalled thecracktip. E 1823
ideal-crack-tip stress field—the singular stress field, infini-

tesimally close to the crack front, thatresults fromloading

an ideal crack. In a linear-elastic homogeneous body, the

significant stress components vary inversely as the square

rootofthedistance fromthecracktip.

Discussion—Inalinear-elasticbody, thecrack-tipstressfieldcanbe
regarded as the superposition of three component stress fields called

E 1823

modes.

independent variable—the selected and controlled variable
(namely, stress or strain). Itis denoted X when plotted on
appropriate coordinates. E 739

indicated dynamic forces [F]—the maximumand minimum
forces (or the mean force and the force amplitude) that
correspond to the readings obtained from the force trans-
ducerassociated with the fatigue testing system, according
to an existing static calibration. The force transducer cali-
bration may have been furnished by the machine manufac-
turerormay havebeendevelopedby theuser. E 467

inelastic strain, €;, —thestrainthatisnotelastic.

Discussion—Forisothermalconditions, &;, iscalculatedbysubtract-

E 606

ingtheelasticstrainfromthetotal strain.

interval estimate—theestimate ofaparameter givenby two
statistics,definingtheend pointsof aninterval. E 1823

irregularity factor— in fatigue loading , the ratio of the
number of zero crossings with positive slope (or mean
crossings) to the number of peaks or valleys in a given,
force-timehistory. E 1823

irregularloading — See spectrum loading.

J-integral, J [FL~']—a mathematical expression, a line or
surfaceintegralthatenclosesthecrackfrontfromonecrack
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FIG. 5 Schematic of a Force-Displacement Test Record for Smooth Crack Growth Behavior, with Unloading/Reloading Cycles, Data
Reduction Constructions, and Definitions of Terms

crack, in the x-z plane with the crack front parallel to the z axis, is the

surface to the other, used to characterize the local stress-
line integral,

strain field around the crack front. E1457, E1820

Discussion—1 The J-integral expression for a two-dimensional
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Example of Definitions

Hold Times: 2-3,
Peaks: 2-3, 8-9

4-5,6-7, 8-9, 10-11, 12-13

Valleys: 4-5, 12-13
Reversals: 3, 5, 9, 13
FIG. 6 Definitions of Terms for Force-Histories with Hold Times

ou
J:fr<Wdy—T$ ds> %)
where:
w = loading work per unit volume or, for elastic
bodies, strainenergy density,
r = path of the integral, that encloses (that is,
contains)thecracktip (see Fig.7),
ds = incrementofthecontourpath,
T = outwardtractionvectoronds,
u = displacementvectoratds,
X0z = rectangularcoordinates (seeFig. 1),and
T du d = rate of work input from the stress field into
ax & theareaenclosedby TI'.

Discussion—2 Thevalueof J obtainedfromtheprecedingequation
istakentobepathindependentforcommonlyusedspecimendesigns.
However, in service components (and perhaps in test specimens),

cautionisneededtoadequately considerloadinginteriorto I" suchas
frommotionofthecrack and fromresidual and thermal stress.
Discussion—3 Inelastic (linear or nonlinear) solids, the J-integral

equalsthecrack-extensionforce, G.(See crack extension force.)

Discussion—4 InTestMethodE 1820, inelastic(linearandnonlin-
ear)solidsforwhichthemathematicalexpressionispathindependent,
the J-integralisequaltothe valueobtainedfromtwoidenticalbodies
with infinitesimally differing crack areas each subject to stress. The
parameter J isthedifferencein work perunitdifferenceincrackarea
atafixedvalueofdisplacementor,whereappropriate,atafixedvalue
offorce. ©

¢ Forfurtherdiscussion,seeRice,J.R., JournalofAppliedMechanics ,Vol35,

1968,p.379.

y

ds

FIG. 7 J-Integral Contour and Symbolism

J-R curve—aplotoffar-field J-integral versus the physical
crackextension, Aa,.Itisrecognizedthatthefar-fieldvalue
of J may not represent the stress-strain field local to a
growingcrack. E 1820

Discussion—In Test Method E1820, the
J-integral againstphysical crack extension

J-R curveisaplotofthe
Aa,
K-R-curve—aplotofcrack-extensionresistanceasafunction

of stablecrackextension, Aap or Aag,.

Discussion—For specimens discussed in Practice E561, the influ-
ence of in-plane geometry appears to be negligible, but K-R-curves
normally depend upon specimen thickness and, for some materials,
upon temperature and strainrate. E 561, E 1820

level crossings—infatigueloading ,the numberoftimesthat
the load-time (strain-time) history crosses a given load
(strain) level with a positive slope or a negative slope, or
both, as specifiedduringagivenperiod. E 1823
load, —see force

10
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1
mode 1
Opening

mode 2
Sliding

mode 3

Tearing

Note—See definition of mode.
FIG. 8 Basic Modes of Crack (Surface) Displacements for Isotropic Materials

load cell—see force transducer E 467
force cycle—See cycle.
load [F]—see force E 1049

loading (unloading) rate [F T~ !1—the time rate of change in
the monotonic increasing (decreasing) portion of the force-
time function. E 1823
log-normal distribution—the distribution of N when log (N)
is normally distributed. (Accordingly, it is convenient to
analyze log ( N) using methods based on the normal
distribution.) E 739
low point, Low—the point on the reloading portion of an
unloading-reloading cycle where the force is one half the
high point force (see points labeled Low in Fig. 4 and Fig.
5). E 1304
maximum force, P .. [Fl—in fatigue, the highest algebraic
value of applied force in a cycle. By convention, tensile
forces are positive and compressive forces are negative.
E 647
maximum stress-intensity factor, K., [FL™>*1—in fatigue,
the maximum value of the stress-intensity factor in a cycle.
This value corresponds to P .. E 647
mean crossings—in fatigue loading, the number of times that
the force-time history crosses the mean force level with a
positive slope or a negative slope, or both, as specified
during a given period. (See Fig. 3.) E 1049
mean force, P,, (or S,, or £ ) [F or FL*|— in fatigue
loading, the algebraic average of the maximum and mini-
mum forces in constant amplitude loading, or of individual
cycles in spectrum loading,

Poax + P

max min
P =

,,, 5 @®)

or the integral average of the instantaneous force values of a
spectrum loading history. E 1049
median fatigue life—the middle value of the observed fatigue

lives, arranged in order of magnitude, of the individual

specimens in a group tested under essentially identical
conditions. If the sample size is even, it is the average of the
two middlemost values.

Discussion—1 The use of the median instead of the arithmetic mean
(that is, the average) is usually preferred.

Discussion—2 In the literature, the abbreviated term “fatigue life”
usually has meant the median fatigue life of the group. However, when

11

applied to a collection of data without further qualification, the term *

E 1823

fatigue life” is ambiguous.

median fatigue strength at N cycles [FL™*]—an estimate of
the stress level at which 50 % of the population would
survive N cycles.

Discussion—1 The estimate of the median fatigue strength is
derived from a particular point of the fatigue life distribution, since
there is no test procedure by which a frequency distribution of fatigue
strengths at n cycles can be directly observed.

Discussion—2 This is a special case of the more general definition

E 1823

of fatigue strength for p % survival at N cycles.

minimum force, P ,;, [Fl—in fatigue, the lowest algebraic
value of applied force in a cycle. By convention, tensile
forces are positive and compressive forces are negative.
E 647
minimum stress-intensity factor, K,;, [FL™>*]—in fatigue,
the minimum value of the stress-intensity factor in a cycle.
This value corresponds to P ,;, when R > 0 and is taken to
be zero when R = 0. E 647
mode—one of the three classes of crack (surface) displace-
ments adjacent to the crack tip. These displacement modes
are associated with the stress-strain fields around the crack
tip and are designated one, two, and three. Arabic numerals
1, 2, and 3 are used for the general case, and they represent
opening, sliding, and tearing displacements, respectively.
(See Fig. 8.) Roman numerals are used to specialize the
mode to plane strain (I and II) or to antiplane-strain (III).

min

Discussion—For isotropic materials, these three modes can be
represented by the crack (surface) displacements presented in Table 1
and Fig. 8. For anisotropic materials, displacements can be more
complex. Using the coordinates shown in Fig. 1 and assuming a
homogeneous, isotropic elastic body, the singular stresses on an
infinitesimal element just ahead of the crack front for Modes I, I, and
IIl are zero or non-zero as indicated in Table 1. For linear-elastic
bodies, the three stress-strain fields can be added to describe any

E 1823

crack-tip stress-strain field.

net-section area, A ,, [L.*]—area of the net remaining ligament.
net thickness, B  [LL]—distance between the roots of the side
grooves in side-grooved specimens. E 1457, E 1820,
E 1921
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TABLE 1 Stress and Displacement Components” for Plane-Strain
and Anti-Plane-Strain Modes (see Definition of Mode). See Fig. 8.

Nore—Itisrecommendedthatthearabicsubscript 1 beomittedexcept
whereneededforclarity.

Mode | Mode Il Mode Il
Crack (surface) displacements? just behind the crack front:
u 0 * 0
v * 0 0
w 0 0 *

Stresses on the x — z plane just ahead of the crack front (see Fig. 1):

T

oy * 0 0
gy, * 0 0
o, * 0 0
Ty 0 - 0
0 0 *
0 0 0

yz
Tzx

A* means non-zero. 0 means zero.
B Not applicable generally to anisotropic materials.

neutral solution—a fluid environment containing an equal
amountofhydrogenandhydroxylions, thatis,pH=7.

nominal (net-section) stress, o, [FL_Z]—infracturetesting ,a
measureofthestressonthenetcrosssectioncalculatedina
simplified manner and without taking into account stress
gradients produced by geometric discontinuities such as
holes, grooves, fillets,and soforth.

Discussion—1 In tension specimens (tension only), the average
stressisused:

oy =PlAy (©))

B(W-a)forrectangularsections,and
(w d*)/4forcircularsections.

Discussion—2 In bend specimens (bending only), a fiber stress is
used:

B oM
~ B(W— a)
Discussion—3 Incompactspecimens (tensionand bending),
_ 2PQ2W +a)
N T BW = ay

Discussion—4 Inarc-shaped specimens (tensionandbending),
_ 2PBX +2W +a)

N T RW—a)?
Discussion—>5 InNotes 1 to4:

oy (10)

an

12)

QU

= diameter of notched section of a circumferentially
notchedspecimen, m(in.),

= force, N (Ibf),

= specimenthickness, m(in.),

= specimenwidth, m(in.),

= cracksize(lengthofnotchornotchplusprecrack),m
(in.),

= loadingholeoffset,m(in.),and

= bendingmoment, Nm (in.-1b).

S 3w

o

The result, oy, is given in Pa (psi). See Test Method E399 for
furtherexplanations on symbols. E 399, E 602

notch length, a, (L)—thedistancefromareference planeto
the front of the machined notch. The reference plane
dependsonthespecimenform,andnormallyistakentobe

12

eithertheboundary,oraplanecontainingeithertheforceline
orthecenterlineofaspecimenorplate. Thereferenceplane
isdefined priortospecimendeformation.

notch tensile strength (NT'S) [FL~?]—themaximumnominal
(net-section)stressthatanotchedtensilespecimeniscapable
of sustaining.

Discussion—1 See definitions of nominal (net-section) stress and
sharp-notchstrength.

Discussion—2 Values of notch tensile strength may depend upon
section size, notch sharpness, and the eccentricity of the notch. See

sharp-notch strength. E 1823

occurrences spectrum— infatigueloading ,representationof
spectrumloadingcontentsbythenumberoftimesaparticu-
lar loading parameter (peak, range, and so forth) occurs
within each specified loading interval between lower and
upperboundvalues. E 1823
original crack size, a,, [L]—thephysicalcracksizeatthestart
oftesting. E 561, E 740, E 813, E 1152
original ligament, b, [L]—distance from the original crack
fronttotheback edge of the specimen, thatis:
b, =W—a, (13)
E 1820
parameter—instatistics ,aconstant(usually tobeestimated)
defining some property of the population frequency distri-
bution, such as the population median or the population
standard deviation. E 1823
peak—infatigueloading ,thepointwherethefirstderivative
of the force-timehistory changes frompositive tonegative
sign; the point of maximum force in constant amplitude
loading(seeFig.3).Forforcehistorieswithholdtimessee
Fig.6. E 1049
physical crack extension, Aa , [L.]—anincreaseinphysical
cracksize.

Aap = ap — a, (14)
E 813, E 1152
physical crack size, a |, [L]—the distance from areference

planetotheobservedcrack front. Thisdistance mayrepre-
sent an average of several measurements along the crack
front. The reference plane depends on the specimen form,
andnormallyistakentobeeitherthe boundary,oraplane
containing either the force line or the centerline of a
specimen or plate. The reference plane is defined prior to
specimendeformation. E 561, E 813, E 1152
plane-strain fracture toughness, K. [FL3/2] —the crack-
extension resistance under conditions of crack-tip plane
strain in Mode I for slow rates of loading under predomi-
nantly linear-elastic conditions and negligible plastic-zone
adjustment. The stress intensity factor, K |, is measured
using the operational procedure (and satisfying all of the
validity requirements) specified in Test Method E399, that
providesforthe measurementofcrack-extensionresistance
atthe onset (2% or less) of crack extension and provides
operationaldefinitionsofcrack-tipsharpness,onsetofcrack-
extension,andcrack-tip planestrain. E 399

Discussion—Seealso crack-extension resistance, crack-tip plane
strain,and mode.
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plane-strain fracture toughness, J, [FL']—the crack-
extension resistance under conditions of crack-tip plane
strain in Mode I with slow rates of loading and substantial
plastic deformation. The J-integral, Jy., is measured using the
operational procedure (and satisfying all of the validity
requirements) specified in Test Method E 1820, that provides
for the measurement of crack-extension resistance near the
onset of stable crack extension. E 1820
plane-stress fracture toughness, K, [FL™*]—crack-
extension resistance under conditions that do not approach
crack-tip plane strain to the degree required by an empirical
criterion.

Discussion—In Practice E 561, plane-stress fracture toughness is
represented by an R-curve. When plane-stress fracture toughness is
used to define conditions for crack instability, it is designated K. , a
quantity dependent on specimen configuration by Practice E 561. The
value of K at the tangency between the R-curve and the configuration-
dependent applied K curve is K. . The effective crack size concept may
be used to compute plasticity-adjusted values of stress-intensity factor,
K, if the crack-tip plastic zone is surrounded by an elastic stress field.

E 561

plastic-zone adjustment, r y [L]—an addition to the physical
crack size to account for plastic crack-tip deformation
enclosed by a linear-elastic stress field.

Discussion—1 Commonly the plastic-zone adjustment is given as
follows:

2

Plane—Stress Mode 1: r, = 5 (15)
2may
. aK?
Plane—Strain Mode I: r, = 5 (16)
21Oy
where:
o = <frax;1;3> to % ,and
o, = effective yield strength.
Discussion—2 See also crack size. E 561

point estimate—the estimate of a parameter given by a single
statistic, for example, sample average (see sample average)
(arithmetic average). E 1823

pop-in—a discontinuity in the force against clip gage displace-
ment record. This discontinuity is characterized by a sudden
increase in displacement and, generally, a decrease in force.
Subsequently, the displacement and force increase to above
their respective values at pop-in. E 1290

population (or universe)— in fatigue testing, the totality of
the set of test specimens, real or conceptual, that could be
prepared in the specified way from the material under
consideration. E 1823

power spectral density—the limiting mean-square value (for
example, of acceleration, velocity, displacement, stress, or
other random variable) per unit bandwidth of frequency, that
is the limit of the mean-square value of a given rectangular
bandwidth divided by the bandwidth, as the bandwidth
approaches zero. E 1823

precision—the closeness of agreement between randomly
selected individual measurements or test results for a given
set of experimental variables.

13

Discussion—1 The standard deviation of the error of measurement
may be used as a measure of “imprecision.”

Discussion—2 The estimate of precision usually contains two com-
ponents of variance. One component is due to the variability of the test
material. The other component is due to variability in the test method
application. Special test setups may permit the separation of these two
components of variance. E 1823

precrack force, P,; [F]—the allowable precrack force.
E 1737
random loading—in fatigue loading, a spectrum loading
(straining) where the peak and valley forces (strains) and
their sequence result from a random process; the loading
(straining) is usually described in terms of its statistical
properties, such as the probability density function, the
mean, the root mean square, the irregularity factor, and
others as appropriate. E 1823
random-ordered loading— in fatigue loading, a spectrum
loading that is generated from a distinct set of peak and
valley forces into a loading sequence by using a specific
random sequencing process; a sequence of finite length is
usually repeated identically. E 1823
reference electrode—the electrode (for example, hydrogen
electrode, normal calomel electrode, or saturated calomel
electrode) against which the electrical potential of a speci-
men is measured. E 1823
reference load [F]—for spectrum loading, used in Practices
E 1049 to denote the loading level that represents a steady-
state condition upon which load variations are superim-
posed. The reference load may be identical to the mean force
of the history, but this is not required. E 1049
remaining ligament, b [LL]—the difference between the width
of the specimen (w) and the physical crack size (a,) that is,
b=W-—a, (17)
remaining ligament, b [L.]—distance from the physical crack
front to the back edge of the specimen, that is,(b=W- a,)
E 1820
replicate (repeat) tests—nominally identical tests on different
randomly selected test specimens conducted at the same
nominal value of the independent variable X.

Discussion—Such replicate or repeat tests should be conducted
independently; for example, each replicate test should involve a
separate set of the test machine and its settings. E 739

residual strength, o, [FL~>]—the maximum value of the gross
stress, neglecting the area of the crack, that a cracked
specimen is capable of sustaining.

Discussion—In part-through surface crack (PS) specimens, gross
stress is the ratio of the maximum force (P,,,) to the product of test
section width (W) times thickness (B), P, /(BW). It represents the
stress at fracture normal to and remote from the plane of the crack.

E 740

response curve for N cycles—a curve fitted to observed
values of percentage survival at N cycles for several stress
levels, where N is the preassigned number such as 10°, 107,
and so forth. It is an estimate of the relationship between
applied stress and the percentage of the population that
would survive N cycles.

Discussion—1 Values of the median fatigue strength at N cycles and
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thefatiguestrengthfor p %survivalat N cyclesmaybederivedfrom
theresponsecurvefor N cyclesif p fallswithintherangeofthepercent
survival valuesactually observed.

Discussion—2 Cautionshouldbeusedindrawingconclusionsfrom
extrapolated portions of the response curves. In general, the curves

E 1823

shouldnotbeextrapolated toother values of p.

reversal (slope reversal)— infatigueloading ,theoccurrence
where the first derivative of the force-time (strain-time)
historychangessign,(seeFig.3).Forforce(strain)histories
withholdtimes, seeFig. 6.

Discussion—Thenumberofreversalsinconstantamplitudeloading

E 1049

(straining),isequal totwice thenumberofcycles.

run-out—no fatigue failure at a specified number of force
cycles. E 468, E 739

sample—the specimens from the population selected for test
purposes.

Discussion—Themethodofselectingthesamplefixesthestatistical
inferences or generalizations that may be made about the population.

E 1823

sample average (arithmetic average)—the sum of all the
observedvaluesinasampledividedbythesamplesize.Itis
apointestimateofthe populationmean. E 1823
sample median—the ( /) middle value when all observed
valuesinasamplearearrangedinorderofmagnitudeifan
oddnumberofitems (units)aretestedor( 2)theaverageof
the two middle-most values if an even number of items
(units) are tested. It is a point estimate of the population
median,or50% value. E 1823
sample percentage—the percentage of observed values be-
tweentwostatedvaluesofthevariableunderconsideration.
Itis a point estimate of the percentage of the population
betweenthesametwostated values. (Onestated valuemay
be “minusinfinity” or “plusinfinity.”) E 1823
sample standard deviation, s—thesquarerootofthesample
variance. It is a point estimate of the population standard
deviation, a measure of the  ''spread” of the frequency
distributionofapopulation.

Discussion—This value of s provides a statistic that is used in
computing interval estimates and several test statistics. For small
samplesizes, s underestimatesthepopulationstandarddeviation.(See
astatisticstextforanunbiasedestimateofthestandarddeviationofa

E 1823

normal population.)

sample variance, s>—thesumofthesquaresofthedifferences
between each observed value and the sample average di-
videdbythesamplesizeminusone.Itisapointestimateof
the population variance.

DiscussioN—This value of s> provides both an unbiased point
estimate of the population variance and a statistic that is used in
computingtheintervalestimatesandseveraltest-statistics. Sometexts
define s? as “the sum of the squares of the differences between each
observedvalueandthesampleaveragedividedbythesamplesize,”’but

E 1823

suchameansquarestatisticisnotasuseful.

sharp-notch strength, ¢, [FL™>]—the maximum nominal
(net-section) stress that a sharply notched specimen is
capableofsustaining.

Discussion—1 Valuesofsharp-notchstrengthmaydependonnotch
andspecimenconfigurationastheseaftectthenetcrosssectionandthe
elasticstressconcentration.

Discussion—2 The tension specimens used in Test Methods E338
andE602havenotchrootradiithatapproachcurrentmachininglimits.
Theradiusinsuchspecimensisbelievedtobesmallenoughthatany
smaller radius would result in notch strength essentially unchanged

E 338, E 602

fromanengineering viewpoint.

significance level—the stated probability (risk) that a given
test of significance will reject the null hypothesis (that a
specified effect is absent) when the hypothesis is true.
E 1823
significant—statistically significant. An effect or difference
betweenpopulationsissaidtobepresentifthevalueofatest
statisticissignificant,thatis,liesoutside of selected limits.

Discussion—Aneffectthatisstatisticallysignificantmayormaynot
haveengineering significance. E 1823

slow stable crack extension [L]—adisplacement controlled
crack extension beyond the stretch zone width. The exten-
sion stops when the applied displacement s held constant.
E 1290
S-N curve—a plot of stress against the number of cycles to
failure. Thestresscanbemaximumstress, Sax sminimum
stress, S, ;stressrange, AS or S, ;oralternatingstress, S
Thecurveindicatesthe S-N relationshipforaspecifiedvalue
of S, A, or R andaspecifiedprobabilityofsurvival. For N,
alogscaleiscommonlyused.For  §,eitheralogarithmicor
alinearscaleisused. E 1823
S-N curve for 50 % survival—a curve fitted to the median
valuesoffatiguelifeateachofseveralstresslevels.Itisan
estimate of the relationship between applied stress and the
number of cycles-to-failure that 50% of the population
wouldsurvive.

ar

Discussion—1 Thisisaspecial case of the more general definition
of S-N curvefor p %survival.

Discussion—-2 In the literature, the abbreviated term S-N curve”
usually has meant either the ~ S-N curve drawn through the mean
(averages) or the medians (50% values) for the fatigue life values.
Sincetheterm® S-N curve”isambiguous,itsuseintechnical papers

E 1823

shouldbeaccompanied by anadequatedescription.

S-N curve for p %survival—acurvefittedtothefatiguelife
for p %survival valuesateachofseveralstresslevels.Itis
anestimateoftherelationshipbetweenappliedstressandthe
numberofcycles-to-failurethat  p %ofthepopulationwould
survivewhere p maybeanypercent,suchas95,90,andso
forth.

Discussion—Caution should be used in drawing conclusions from
anyextrapolatedportionofan ~ S-N curve.Ingeneral, S-N curvesshould
notbeextrapolated beyond observedlife values. E 1823

specimen center of pin hole distance, H* [L], n—thedistance
between the center of the pin holes on a pin-loaded speci-
men. E 1820
specimen gage length, 8d [L], n— the distince between the
pointsofdisplacmentmeasure(forexample,clipgage,gage
length). E 1820
specimen span, S [L]—distance between specimen supports.
E 1820, E 1921
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specimen temperature, T [0]—in fatigue testing, the average
temperature in the specimen test section during isothermal
testing, or the temperature in the specimen test section at any
instant of time during cyclic-temperature testing. E 1823
specimen thickness, B [LL]—the distance between the parallel
sides of a test specimen. E 1457, E 1820, E 1921, E 2472

Discussion—for side-grooved specimens, the specimen thickness,
By is the distance between the roots of the side grooves. See also net
thickness.

specimen width, W [L.]—the distance from a reference posi-
tion (for example, the front edge of a bend specimen or the
force line of a compact specimen) to the rear surface of the
specimen. E 1457, E 1820
spectrum loading—in fatigue loading, a force-time program
consisting of some (or all) unequal peak and valley forces.
(Also known as variable amplitude loading or irregular
loading.) E 1049
stable crack extension [L], n—a displacement-controlled
crack extension beyond the stretch-zone width. The exten-
sion stops when the applied displacement is held constant.
E 1820
statistic—a summary value calculated from the observed
values in a sample. E 1823
steady-state crack—a crack that has advanced slowly until the
crack-tip plastic zone size and crack-tip sharpness remain
constant with further crack extension. Although crack-tip
conditions can be a function of crack velocity, the steady-
state crack-tip conditions for metals have appeared to be
independent of the crack velocity within the range attained
by the loading rates specified in Test Method E 1304.
E 1304
stress, [FL~2]—force acting over a unit area. Traditionally, the
symbol for stress is either S or o , as a matter of choice.
E 1823
stress concentration factor—See theoretical stress concentra-
tion factor (or stress concentration factor) k .
stress-corrosion cracking, SCC—a cracking process that
requires the simultaneous action of a corrodent and sustained
tensile stress. E 1681
stress cycle—See cycle.
stress-intensity factor, K, K , K,, K, Ky, Kyy, Ky [FL™%]—
the magnitude of the mathematically ideal, crack-tip stress
field (stress-field singularity) for a particular mode in a
homogeneous, linear-elastic body.

Discussion—Values of K for the modes 1, 2, and 3 are given by the
following equations:

K, = limit o, (27r)”* (18)
=0

K, = limit 7, (27r)”* and (19)

=0 (19)

Ky = limit 7, (2mr)'/? (20)

r—0 20

where:

15

r = distance (in a cylindrical coordinate system) from the
crack tip to a location where the stress is calculated.

(See Fig. 8 for the description of modes.)
E 399, E 561, E 647, E 1304

stress-intensity factor at crack initiation, K, [FL™*]—the
value of K at the onset of rapid fracturing.

Discussion—In Test Method E 1221, only a nominal estimate of the
initial driving force is needed. For this reason, K is calculated on the
basis of the original crack or notch size and the crack-mouth opening

E 1221

displacement at the initiation of a fast-running crack.

stress-intensity-factor calibration, K calibration—See
applied- K curve in 3.4.
stress-intensity factor range, AK [FL™>*|—in fatigue, the

variation in the stress-intensity factor in a cycle, that is
AK =K, — K

max

ey

min
Discussion—1 The loading variables R, AK, and K, ,, are related

such that specifying any two uniquely defines the third in accordance
with the following relationships:

AK = (1 — R)K,,,, forR=0, and (22)

AK = K, for R <0. (23)

Discussion—2 These preceding stress-intensity-factor range defini-

tions do not include local crack-tip effects; for example, crack closure,
residual stress, and blunting.

Discussion—3 While the operational definition of A K states that AK

does not change for a constant value of K, when R < 0, increases in

max

fatigue crack growth rates can be observed when R becomes more
negative. Excluding compressive forces in the calculation of A K does
not influence the material’s response (da/dN) which is independent of
the operational definition of AK. For predicting crack-growth lives
generated under various R conditions, the life prediction methodology

E 647

must be consistent with the data reporting methodology.

stress intensity factor threshold for environment assisted
cracking, K, [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 thick-
ness. E 1681
stress intensity factor threshold for plane strain
environment-assisted cracking, K, - [FL™"*]— the high-
est 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 specimen size is
sufficient to meet requirements for plane strain as described
in Test Method E 399. E 1681
stretch zone width (SZW) [L]—the length of crack extension
that occurs during crack-tip blunting, for example, prior to
the onset of unstable brittle crack extension, pop-in, or slow
stable crack extension. The SZW is co-planar with the
original (unloaded) fatigue precrack and refers to an exten-
sion of the original crack. E 1290
tensile strength, . [FL~>]—the maximum tensile stress that
a material is capable of sustaining. Tensile strength is
calculated from the maximum force during a tension test
carried to rupture and the original cross-sectional area of the
specimen. E 6, E 28
test of significance—a statistical test that, by use of a specified
test statistic, purports to provide a test of a null hypothesis
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(under certain assumptions); for example, that an imposed
treatmentinthe experimentis withouteffect.

Discussion—Recognizingthepossibilityoffalserejection,therejec-
tion of the hypothesis being tested usually indicates that an effect is

E 1823

present.

test statistic—a function of the observed valuesinasample
thatisusedinatestofsignificance. E 1823

theoretical elastic stress concentration factor (or stress
concentration factor) k, —theratioofthegreateststressin
the region of anotch or other stress concentrator as deter-
mined by the theory of elasticity (or by experimental
proceduresthatgiveequivalentvalues)tothecorresponding
nominal stress.

Discussion—Thetheoryofplasticityshouldnotbeusedtodetermine

k. E 1823

tolerance interval—an interval computed so that it will
includeatleastastatedpercentageofthe populationwitha
stated probability. E 1823

tolerance level—the stated probability that the tolerance
intervalincludes atleastthe stated percentage of the popu-
lation. Itisnotthe same asaconfidencelevel buttheterm
confidence level is frequently associated with tolerance
intervals. E 1823

tolerance limits—the two statistics that define a tolerance
interval. (One value may be “minus infinity” or “plus
infinity.”) E 1823

total cycle period, 7, [T]—thetimeforthecompletionofone
cycle. The parameter T, can be separated into hold and
non-hold (thatis, steady and dynamic) components:

T, =21, + Z1,, (24)
where:
21, = sumofalltheholdportionsofthecycleand,
2T, = sumofallthenon-holdportionsofthecycle.
7, alsois equal to the reciprocal of the overall frequency
whenthe frequencyisheld constant. E 606

trough—See valley.

truncation—in fatigue loading ,the exclusion of cycles with
values above or below a specified level (referred to as
truncationlevel)ofaloadingparameter(peak,valley,range,
andsoforth). E 1823

unstable brittle crack extension [L.]—anabruptcrackexten-
sionoccurringwithorwithoutpriorstablecrackextensionin
a standard fracture test specimen under crosshead or clip
gagedisplacementcontrol. E 1290

valley—in fatigue loading , the occurrence where the first
derivativeoftheforce-timehistorychangesfromnegativeto
positivesign;(alsoknownas  frough);thepointofminimum
force in constant amplitude loading (see Fig. 3). For force
histories withholdtimesseeFig. 6. E 1049

variableamplitudeloading — See spectrum loading.

wave form—the shape of the peak-to-peak variation of a
controlled mechanical test variable (for example, load,
strain,displacement) asafunctionoftime. E 1823

yield strength, oy [FL2]—the stress at which a material
exhibitsaspecificlimitingdeviationfromthe proportional-
ity of stresstostrainatthetesttemperature. Thisdeviation

16

isexpressedintermsofstrain. E 6, E 28, E 1457, E 1921

Discussion—1 Itiscustomarytodetermineyieldstrengthbyeither
(1) Offset Method (usually a strain of 0.2% is specified) or (2)
Total-Extension-Under-Force Method (usually a strain of 0.5% is
specifiedalthoughothervalues of strainmay beused).

Discussion—2 Wheneveryield strengthis specified, the method of
testmust be stated along with the percent offset or total strain under
force. The values obtained by the two methods may differ.

zero crossings—infatigue loading ,the number of times that
theforce-timehistorycrosseszeroforcelevelwithapositive
slopeornegativeslope,orboth,asspecified,duringagiven
period. E 1823
3.4 Definitions of Terms (Specific to the Indicated

Standards)—Eachtermisfollowedbythedesignation(s)ofthe

standard(s)oforigin.Thelistingoftermsisalphabetical.Some

Definitions of Terms are quite similar to the Definitions. The

Definitions of Termshereinapply tospecific standards.

C*(t) integral, C*(t)[FL™' T~']—amathematicalexpression,
alineorsurfaceintegral thatenclosesthe crack frontfrom
onecracksurfacetotheother,usedtocharacterizethelocal
stress-strainrate fieldsatanyinstantaroundthe crack front
inabody subjectedtoextensivecreep conditions. E 1457

Discussion—1 C*(t) is used to characterize the local stress-strain
ratefieldsatanyinstantaroundthecrack frontinabody subjectedto
extensivecreepconditions. TheC*(t)expressionforatwo-dimensional
crack,inthe x-z planewiththecrackfrontparalleltothe z-axis,isthe
lineintegral:

C*(t) = _[(W*(t)dy - T% ds)

(25)

where:

WH(t) = instantaneous stress-power orenergy rate per
unitvolume,

I = pathoftheintegral, thatencloses (thatis,
contains)thecracktipcontour(seeFig.7),

ds = incrementinthecontour path,

T = outwardtractionvectoronds,

i = displacementrate vectoratds,

02 = rectangularcoordinatesystem,and

il = rate of stress-power input into the area en-
ngs closedby I acrosstheelementallength, ds.

The value of C*(t) from this equation is path-independent for
materials that deform according to a constitutive law that may be
separatedintosingle-valuetimeandstressfunctionsorstrainandstress
functionsofthe forms:

&= fi(0f (o) or,

& = £ ()fy(0)

Wheref | —f , representfunctions of elapsed time,
appliedstress, o,respectively; e -isthestrainrate.

Discussion—2 Formaterialsexhibitingcreepdeformationforwhich
the above equationis pathindependent, the C*(t)-integral isequal to
thevalueobtained fromtwo, stressed, identicalbodies withinfinitesi-
mally differing crack areas. This value is the difference in the
stress-power perunitdifferenceincrack areaatafixed value of time
anddisplacementrateoratafixed valueof timeand applied force.

Discussion—3 Thevalueof C*(t)correspondingtothesteady-state
conditions is called C* . Steady-state is said to have been achieved
when a fully developed creep stress distribution has been produced
aroundthecracktip.

t,strain, &,and
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Discussion—4 This steady state in C* does not necessarily mean
steady state crack growth rate. The latter occurs when steady state
damage develops at the crack tip. This behavior is observed as “tails”
at the early stages of crack growth. Test Method E 1457 deals with this
region as the initial crack extension period defined as time t,,
measured for an initial crack growth of 0.2 mm after first loading.

C, parameter, C,, [FL'T'}—parameter equal to the value
obtained from two identical bodies with infinitesimally
differing crack areas, each subjected to stress, as the differ-
ence in the stress-power per unit difference in crack area at
a fixed value of time and displacement rate or at a fixed value
of time and applied force for an arbitrary constitutive law.

E 1457

Discussion—The value of C, is path-independent and is identical to
C*(t) for extensive creep conditions when the constitutive law de-
scribed in Discussion 2 of C*(t)-integral definition applies.

Discussion—Under small-scale creep conditions, C*(z) is not path-
independent and is related to the crack tip stress and strain fields only
for paths local to the crack tip and well within the creep zone boundary.
Under these circumstances, C, is related uniquely to the rate of
expansion of the creep zone size . There is considerable experimental
evidence that the C, parameter which extends the C*(1)-integral
concept into the small-scale creep and the transition creep regimes and
is equal to C*(¢) in the extensive creep regime, correlates uniquely with
creep crack growth rate in the entire regime ranging from small-scale
to extensive creep regime.

crack-arrest fracture toughness, K, [FL~*?]1—the value of
the stress-intensity factor shortly after crack arrest.

Discussion—1 The in-plane specimen dimensions must be large
enough for adequate enclosure of the crack-tip plastic zone by a
linear-elastic stress field.

Discussion—2 In Test Method E 1221, side-grooved specimens are
used. The calculation of K , is based upon measurements of both the
arrested crack size and of the crack-mouth opening displacements prior

to initiation of a fast-running crack and shortly after crack arrest.

E 1221

crack depth, a [L]1—in part-through surface-crack specimens
(PS), the distance from, and normal to, the cracked plate
surface to the point of maximum penetration of the crack
front into the material. Crack depth is less than the specimen
thickness.

Discussion—In Practice E 740, crack depth is the original depth a
E 740

and the subscript , is everywhere implied.

crack jump behavior— in chevron-notch specimen tests, that
type of sporadic crack growth which is characterized prima-
rily by periods during which the crack front is nearly
stationary until a critical force is reached, whereupon the
crack becomes unstable and suddenly advances at high speed
to the next arrest point, where it remains nearly stationary
until the force again reaches a critical value, and so forth.
(see Fig. 4).

Discussion—A chevron-notch specimen is said to have a crack jump
behavior when crack jumps account for more than one half of the
change in unloading slope ratio as the unloading slope ratio passes
through the range from 0.8r, to 1.2r,. Only those sudden crack
advances that result in more than a 5 % decrease in force during the
advance are counted as crack jumps (Fig. 4). The parameter r, is the

E 1304

unloading slope ratio at the critical crack size.

17

crack size, a [L]—in Test Method E 1457, the physical crack
size is represented as @, . The subscript p is everywhere
implied. E 1457
creep crack growth behavior—a plot of the time rate of crack
growth, da/dt, as a function of C*(t). E 1457
creep crack growth (CCG) rate—a plot of the incremental

time rate of crack growth a or da/dt, as a function of C*(1),
or C, or K. E 1457

creep zone boundary—the locus of points ahead of the crack
front where the equivalent strain caused by the creep
deformation equals 0.002 (0.2%).

Discussion—Under small-scale creep conditions, the creep zone
expansion with time occurs in a self-similar manner, thus, the creep
zone size, r., can be defined as the distance to the creep zone boundary
from the crack tip at a fixed angle, 6, with respect to the crack plane.

E 1457

critical crack size [L]—the crack size in a chevron-notch
specimen at which the specimen’s stress-intensity factor
coefficient, Y*, is a minimum, or equivalently, the crack size
at which the maximum force would occur in a purely linear
elastic fracture mechanics test. At the critical crack size, the
width of the crack front is approximately one third the
dimension B. E 1304

critical slope ratio, r.—the unloading slope ratio at the critical
crack size. E 1304

drop-weight tear test (DWTT)—a test of plain-carbon or
low-alloy pipe steels over the temperature range where the
fracture changes from a brittle to a ductile mode. The mode
can be determined from the appearance of propagating
fractures. E 436

dynamic tear (DT) energy [J]—the total energy required to
fracture standard DT specimens tested in accordance with
the provisions of Test Method E 604.

Discussion—1 With pendulum-type machines, the DT energy value
recorded is the difference between the initial and the final potential
energies of the pendulum or pendulums.

Discussion—2 With drop-weight machines, the DT energy value
recorded is the difference between the initial potential energy of the
hammer and the final energy of the hammer, as determined by a

calibrated energy absorption system. E 604

effective unloading slope ratio, r—the ratio of an effective
unloading slope to that of the initial elastic loading slope on
a test record of force versus specimen mouth opening
displacement.

Discussion—1 This unloading slope ratio provides a method of
determining the crack size at various points on the test record thus
allowing evaluation of the stress intensity factor coefficient Y*. The
effective unloading slope ratio is measured by performing unloading-
reloading cycles during the test as indicated schematically in Fig. 4 and
Fig. 5. For each unloading-reloading trace, the effective unloading
slope ratio, r, is defined in terms of the tangents of two angles:

r = tan 6/tan 6, (26)
where:
tan 6, = slope of the initial elastic line, and
tan 8 = slope of an effective unloading line.

The effective unloading line is designated as having an origin at the
high point where the displacement reverses direction on unloading (slot
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mouthbeginstoclose)andjoiningthelowpointonthereloadingline
wheretheforceisonehalfthatatthehighpoint.

Discussion—2 Forabrittlematerialwithlinearelasticbehavior,the
unloading-reloading lines of an unloading-reloading cycle would be
linearandcoincident.Formanyengineeringmaterials,deviationsfrom
linear elastic behavior and hysteresis are commonly observed to
varyingdegrees.

Discussion—3 Although r ismeasuredonlyatthosecrackpositions
associatedwithunloading-reloadingcycles, r neverthelessisdefinedat
all points during a chevron-notch specimen test. For any particular
point, r isthevaluethatwouldbemeasuredifanunloading-reloading

E 1304

cyclewere performedatthatpoint.

environment-assisted cracking, EAC—acrackingprocessin
which the environment promotes crack growth or higher
crackgrowthratesthanwouldoccurwithoutthepresenceof
theenvironment. E 1681

equivalent-energy fracture toughness (K-EE) [FL*]—the
crack extension resistance determined by the procedure
specifiedinPractice E992.

Discussion—Thethickness, B,ofthestandardspecimenfromwhich
the result is obtained should be identified in quoting the result. For
specimensthickerthanthestandardspecimens,both B and W shouldbe

specified. E 992

fixed-force or fixed-displacement applied K curves—curves
obtained from a fracture mechanics analysis of a specific
specimenconfiguration. E 561

force-line displacement due to creep, elastic and plastic
strain V [L]— the total displacement measured at the
loading pins ( V**?) due to the initial force placed on the
specimenandthesubsequentcrackextensionthatisassoci-
ated with the accumulation of creep strains during tests. It
canalsobedefinedasthedisplacementatthe crack mouth
opening (VEMOP) The details of these two methods for
derivingthedisplacementratesaredescribedinTestMethod
E1457. E 1457

V,ateither
canbe partitioned into aninstantaneous elastic part
V..aplasticpart, V,andatime-dependentcreeppart V. where V=V
e+ V ,+ V. Thecorresponding symbols for the rates of force-line
displacement components shown in the equation above are given

Discussion—Tlincreepingbodies, thetotaldisplacement
\% FLD or VCMOD

respectively as: V, V(,, Vs
parameter C*.

Discussion—2 for the set of specimens in Test Method E1457 for
creepductile material where creep strainsdominate and in which test
timesarelonger(usually>1000hours),theelasticandplasticdisplace-
mentratecomponentsaresmallcomparedtothecreepandthereforeit

V. This information is used to derive the

V assuming that,
C*. See Test Method E1457,

isrecommended to use the total displacement rate,

V. =~ V toderive the steady state
Section 11 fordetailed discussion.

initial crack extension increment (CCI) after full forceup,
0a; [L]—therecommendedtimetakentocrackextensionof
8a;=0.2 mm after first application of force for defining a
crackgrowthperiod, 1, ,,inhoursasafunctionof  C*(t), C,,
or K valuetakenatcracklengtha o + da; 0.2mm. E 1457

initial crack time to 0.2 mm, t;,, [T]—thetimeto da,=0.2
mm (0.008 in) of crack extension, da, by creep after full
loading. Thissizeischosenasthelimitofaccuracy setfor
crack extension measurements in laboratory geometries.

E 1457
J I[FL™'}—Theproperty J. determinedbyTestMethodE1820
characterizesthe fracture toughness of materials at fracture
instability prior to the onset of significant stable tearing
crackextension.Thevalueof J. determinedbyTestMethod
E1820representsameasure of fracture toughnessatinsta-
bility without significant stable crack extension that is
independentofin-planedimensions;however, theremaybe
a dependence of toughness on thickness (length of crack
front). E 1820
J [FL™']—Thequantity J, determinedbyTestMethodE1820
measures fracture instability after the onset of significant
stabletearingcrackextension.Itmaybesize-dependentand
a function of test specimen geometry. It can be useful to
definelimitsonductile fracturebehavior. E 1820
K-decreasing test—atestinwhichthenormalized = K-gradient
isnominally negative. InTestMethod E647, K-decreasing
tests involve force shedding as the crack grows either
continuously orby aseries of decremental steps. E 647
K-increasing test—atestinwhichthenormalized  K-gradient
is nominally positive. For the standard specimens in Test
Method E647, the constant-force-amplitude test will result
in a K-increasing test where the normalized  K-gradient
increasesbutisalwayspositive. E 647
minimum stress-intensity factor coefficient, Y* & — the

minimumvalueofthestressintensity factorcoefficient, Y.

E 1304

normalized crack size, a/W—the ratio of crack size, a, to
specimenwidth, W. E 813

normalized K-gradient, C = (1/K)-dK/da[L.~"]—thefractional
rateofchangeof K withincreasingcracksize.

Discussio—When C isheldconstant,thepercentagechangein K is
constantforequal increments of crack size. The following identity is
trueforthenormalized K-gradientinaconstantforce-ratiotest:

1 dk 1 dK, 1 dK 1  dAK

max min _ - 7/
K 'dd K. da K da ~AR da @D

min

plane-strain (chevron-notch) fracture toughness, K;, or K ;,;
[FL~*?}—under conditions of crack-tip plane strain in a
chevron-notched specimen: K, relates to extension resis-
tancewithrespecttoaslowlyadvancingsteady-statecrack.

K,,; relates to crack extension resistance with respect to a

sporadically advancingcrack.

Discussion—Forslowloadingratesthemeasuredfracturetoughness,
K,, or K,,; ,isthe value of stress-intensity factor obtained using the
operational procedure, and satisfying all of the validity requirements,

specifiedin TestMethod E1304. E 1304

plane-strain (chevron-notch) fracture toughness, K,,,,
[FL~**]—determinedsimilarlyto K, or K}, usingthesame
specimen, or specimen geometries, but using a simpler
analysis based on the maximum test force. Unloading-
reloadingcyclesarenotrequiredinatesttodetermine
K - E 1304

plane-strain crack-arrest fracture toughness, K, [FL™?]—
thevalueofcrack-arrestfracturetoughness, K, ,foracrack
thatarrestsunderconditions of crack-front plane-strain.

Discussion—The requirements for attaining conditions of crack-
front plane-strain are specified in the procedures of Test Method
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E 1221. E 1221

regression line slope—the slope of a linear regression fit of
acceptable J and A a values. E 813
smooth crack growth behavior—generally, crack extension
in chevron-notch specimens which is characterized by slow,
continuously advancing crack growth, and a relatively
smooth force displacement record (Fig. 5). However, any
test behavior is automatically characterized as smooth crack-
growth behavior unless it satisfies the conditions shown in
Fig. 4 for crack-jump behavior. E 1304
stress-intensity factor coefficient, Y*—a dimensionless pa-
rameter that relates the applied force and specimen geometry
to the resulting crack-tip stress-intensity factor in a chevron-
notch specimen test. E 1304
surface-crack length, 2¢ [L]—in part-through surface crack

(PS) specimens, a distance measured on the specimen
surface between the two points at which the crack front
intersects the specimen surface. Crack length is less than the
specimen width.

Discussion—In Practice E 740, crack length is the original surface

E 740

length, 2c¢,, and the subscript o is everywhere implied.

transition time, ¢#; [T]—time required for extensive creep
conditions to develop in a cracked body. For specimens, this
is typically the time required for the creep deformation zone
to spread through a substantial portion of the uncracked
ligament, or in the region that is under the influence of a
crack in the case of a finite crack in a semi-infinite medium.
This limit is employed to validate the steady state correlating
parameter C*. E 1457

ANNEXES

(Mandatory Information)

Al. UNITS

Al.1 For stress intensity factor, K, and any measure of
fracture toughness expressed in terms of K, the recommended
unit is MPa (m)”. The corresponding customary unit is ksi (in.)
Va.

A1.2 For the crack-extension force, G, and for the elastic
energy release rate, which in plane measurement problems is
equal to J, and any measure of fracture toughness expressed in

terms of G or J, the recommended unit is kJ/m 2. The
corresponding customary unit is in.-Ib/in.?

Al.3 For crack tip opening displacement, o, and any
measure of fracture toughness expressed in terms of d, the
recommended unit is metre. The corresponding customary unit
is mil.

A2. DESIGNATION CODES FOR SPECIMEN CONFIGURATION, APPLIED LOADING, AND CRACK OR NOTCH
ORIENTATION

A2.1 A consistent, uniform, systematic specimen code is

described herein.” It has the following basic format:
1 2 3

Specimen Configuration  (Applied Loading)  (Crack or Notch Orientation)

These three elements of the designation code are presented
in this annex as follows: A2.2 on Specimen Configuration,
A2.3 on Applied Loading, and A2.4 on Crack or Notch
Orientation.

A2.2 Designation Code for Specimen Configuration:

A2.2.1 Most specimens can be analyzed and illustrated in a
plan view that is normal to the front of the notch or crack. From
this plan view, the term edge (which is normally used to
represent a line) represents a line boundary of the specimen. In
test specimens, the two surfaces parallel to this plan view are
termed side surfaces, and the four surfaces normal to this plan
view (the boundaries in the plan view) are termed edge

7 Wilhem, D. P., “Standard Designation Code for Fracture Specimens, Loading
and Orientation,” Standardization News, Vol 10, No. 5, May 1982.
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surfaces. Fig. A2.1 illustrates two edge surfaces and one side
surface of a specimen that contains a mathematically ideal
crack.

A2.2.1.1 The following specimen designations treat the
specimen configurations that are used at present. As new
specimens develop, they will be added to this listing. The
symbol code of abbreviations for specimen configuration has
one, two, or three capital letters.

M Middle

DE Double Edge

SE Single Edge (0.6 < H/W)

(¢} Compact version of SE with H/W = 0.6
MC Modified Compact (0.3 < H/W < 0.6)

Disk-Shaped Compact (formerly called round compact specimen)
A Arc

DB Double Beam (H/W < 0.3)

RDB Round Double Beam (formerly called short rod)

R-BAR Round Bar

PS Part-Through Surface (formerly designated SCT and PTC)

Examples are given in Fig. A2.2.

A2.2.1.2 Note that the words “cracked” and* notched” are
not part of the code. For example, a standard compact
that is notched (non-pre-cracked) is designated “notched C,”
and a precracked standard compact (specimen used in Method
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FIG. A2.1 Three-Dimensional View of Ideal Crack

E399)is a“ pre-cracked C.” Likewise, the terms “‘chevron”
and*“contoured” arenotpartofthe code and theyare spelled
outwhenneeded, asinthe chevronRDB specimen.

A2.3 Designation CodeforAppliedLoading:

A2.3.1 The applied loading code consists of a one-letter
abbreviation thatis enclosed in parentheses and immediately
follows the specimen code. The following list contains ex-
amplesofappliedloading. ExamplesaregiveninFig. A2.2.

(T) Tension

(B) Bending

(M) Torsion with a moment about the x-axis of the specimen (formerly
called double torsion loading)

(M) Moment about the z-axis of the specimen

(W) Wedge loading
(Wp) Wedge loading with a bolt

A2.4 Designation Codefor CrackorNotch Orientation:

A2.4.1 Crack-,notch-, or fracture-plane orientation is des-
ignatedbyahyphenatedcodewiththefirstletter(s)represent-
ing the direction normal to the crack plane and the second
letter(s) designating the expected direction of crack propaga-
tion.Itispresentedinparenthesesandfollowsthedesignations
forthespecimenconfigurationand appliedloading.

A2.4.2 Thefracturetoughnessofamaterialusuallydepends
ontheorientationanddirectionof propagationofthecrackin
relation to the anisotropy of the material, which depends, in
turn,ontheprincipaldirectionsofmechanicalworkingorgrain
flow. The orientation of the crack plane should be identified
whereverpossibleinaccordance withthefollowingsystems.

8 Goode, R. J., “Identification of Fracture Plane Orientation”,
searchandStandards(MIRSA) ASTMVol,12No.9,September1972
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Inaddition,theproductformshouldbeidentified(forexample,
straightrolledplate,crossrolledplate,pancakeforging,andso
forth).

A2.4.3 Forrectangularsections, thereferencedirectionsare
identifiedasintheexamplesforarolledplate, Fig. A2.3 and
Fig. A2.4. The same system would be suitable for sheet,
extrusions,and forgings withnonsymmetrical grain flow.

Note A2.1—Thesame geometry based systemisuseful extrusionsor
forged partshavingcircularcross section. Inmostcases, the Ldirection
corresponds to the direction of the maximum grain flow, but some
products, such as pancake, disk, or ring forgings can have the R or C
directionscorrespondtothedirectionofmaximumgrainflow,depending
onthemethod of manufacture.

L = direction of principal deformation (maximum grain
flow),

T = directionofleastdeformation,and

S = thirdorthogonaldirection.

A2.4.3.1 Usingatwo-lettercode, the firstletter designates
the directionnormal to the crack plane, and the second letter
the expected direction of crack propagation. Forexample, in
Fig.A2.3,theT-Lspecimenhasafractureplanewhosenormal
isinthewidthdirectionofaplateandanexpecteddirectionof
crack propagation coincident with the direction of maximum
grainflow orlongitudinal direction.

A2.4.3.2 Forspecimensthataretiltedwithrespecttotwoof
thereferenceaxes,Fig. A2.4,theorientationisidentifiedbya
three-lettercode. Thecode L-TS, forexample, meansthatthe
crack-plane is perpendicular to the direction of principal
deformation (Ldirection),andthe expected fracturedirection
isintermediatebetweenTandS. ThecodeTS-Lmeansthatthe
crack-plane is perpendicular to a direction intermediate be-
tweenTandS andtheexpectedfractureisinthe Ldirection.

A2.4.4 Forcylindricalsections,wheregrainflowcambein
thelongitudinal,radial,orcircumferentialdirection,specimen
location and crack plane orientation shall reference original
cylindricalsectiongeometrysuchthattheLdirectionisalways
axial direction for L-R-C system, as indicated in Fig. A2.5,
regardless of the maximum grain flow. Note that this is a
geometry based system. As such, the direction of maximum
grainflowshallbereported whenthedirectionisknown.

Discussion—The same geometry based system is useful for extru-
sionsorforgedpartshavingcircularcrosssection.Inmostcases,thel.
directioncorrespondstothedirectionofmaximumgrainflow,butsome
products, suchas pancake, disk orring forgings can havetheRorC
directionscorrespondtothedirectionofmaximumgrainflow,depend-
ingonthe method of manufacture.

L = axialdirection,
R = radialdirection,and
C = circumferential ortangential direction.

A2.4.5 Thearc-shapedspecimenisintendedtomeasurethe
fracturetoughnesssothattheplanenormaltothecrackisinthe
circumferential or tangential direction. This is designated the
C-R orientation. For other orientations, a bend or compact
specimenshouldbeused.
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FIG. A2.4 Crack Plane Orientation Code for Rectangular Sections
Where Specimens Are Tilted with Respect to the Reference
Directions

FIG. A2.3 Crack Plane Orientation Code for Rectangular Sections
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FIG. A2.5 Crack Plane Orientation Code for Bar and Hollow
Cylinder

APPENDIX

(Nonmandatory Information)

X1. ABBREVIATED METRIC PRACTICE GUIDE FOR FATIGUE AND FRACTURE TESTING

X1.1 Foradditionalinformationsee‘MetricPracticeGuide
E380.”InVol03.01 ofthe

theheadingRelated Materialinthe gray pages.

Annual BookofASTM Standards
see also “Excerpts from Standard for Metric Practice,” under

X1.2  SelectedSIUnitsand Symbols:

Quantity [dimension symbol]
length [L]

mass [M]

time [T]

thermodynamic temperature [6]

energy, work, torque [FL]
force [F]

frequency [T~']
pressure, stress [FL™2]

X1.3  SIPrefixes:

Multiplication Factor
1000 000 = 10°
1000 = 10°

0.001 =10"2
0.000001 = 107°

Unit (SI symbol)

metre (m)
kilogram (kg)
second (s)
kelvin (K)
joule (J)
newton (N)
hertz (Hz)
pascal (Pa)

Prefix
mega
kilo
milli
micro

X1.4 SelectedConversionFactors:

To Convert From
dyne-cm

erg

erg/cm?

ft (foot)

ft-Ibf (foot-pound)
in. (inch)

in.

To

N-m

joule (J)
J/m2
metre (m)
joule (J)
metre (m)
mm

Formula

N-m
kg-m/s?
(cycle)/s
N/m?

S| Symbol
M

k
m
p

Multiply By

1.000 000" E-07
1.000 000* E-07
1.000 000" E-03
3.048 000" E-01
1.355 818 E + 00
2.540 000* E-02
2.540 000" E + 01
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To Convert From
in.-lof

in.-Ibf/in.2

in.-Ibf/in.2

kgf (kilogram-force)
kgf/mm?

kgf/mm?

kgf/mm?/2
kilocalorie

kip (1000 Ibf)
kip/in.2(ksi)

ksi (kip/in.?)

ksi

ksi \/in.

ksi \/in.

Ibf (pound-force, poundal)
Ibf/in.

Ibf/in.2(psi)

lbm (pound-mass)®
mil

N/mm?

N/mm?32

psi (Ibf/in.2)

psi

psi \/in.

ton (long, 2240 Ibm)
ton (metric)

ton (short, 2000 Ibm)
ton-force (2000 Ibf)
ton-force/in.2

A

To

joule (J)
J/m?

kd/m?
newton (N)
pascal (Pa)
MPa

MP \/m
joule (J)
newton (N)
pascal (Pa)
pascal (Pa)
MPa
Pa\/m
MPa \/m
newton (N)
N/m

pascal (Pa)
kilogram (kg)
metre (m)
MPa

MPa \/m
pascal (Pa)
kPa

Pa+/m
kilogram (kg)
kilogram (kg)
kilogram (kg)
newton (N)
pascal (Pa)

Multiply By

1.129 848 E-01
1.751 268 E + 02
1.751 268 E-01
9.806 650" E + 00
9.806 650 E + 06
9.806 650" E + 00
3.101 135 E-01
4.186 800" E + 03
4.448 222 E + 03
6.894 757 E + 06
6.894 757 E + 06
6.894 757 E + 00
1.098 843 E + 06
1.098 843 E + 00
4.448 222 E + 00
1.751 268 E + 02
6.894 757 E + 03
4.535 924 E-01
2.540 000" E-05
1.000 000* E + 00
10—3/2*

6.894 757 E + 03
6.894 757 E + 00
1.098 843 E + 03
1.016 047 E + 03
1.000 000* E + 03
9.071 847 E + 02
8.896 444 E + 03

1.378 952 E + 0748

A The exact conversion factor is 4.448 221 615 260 5* E + 00.

BThe exact conversion factor is 4.535 923 7* E-01.

Note X1.1—Factorswithanasterisk (*) areexact.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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