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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations. governmental and

no
Int

Int
Th
ad
Int

In
wh

n-governmental, in liaison with ISO, also take part in the work. ISO collaborates closel
brnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization)

brnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
e main task of technical committees is to prepare International Standards. Draft_International
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D/TR 25679 was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals.
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Introduction

This index of symbols and definitions in published standards has been prepared to provide an appropriate
means for avoiding contradictions and misunderstandings and to standardize various kinds of symbols and
their definitions generally used in this field. Wherever possible, the same symbol has been used to denote the

same type

of parameter in the different tests, but the differing types of test piece, product form and test h

ve

to be take
the contex

In the dis
selected a
used in me
was separ

| of the specific method of test being used.

cussion of revising ISO/TR 12735-1:1996, common terms among the published standards w
nd a Draft International Standard covering terminology: ISO/DIS 23718, Metallic materials — Ter
bchanical testing, was prepared. This Technical Report, which is an index of symbols and definiti
ated from the terminology (ISO/DIS 23718) in order to be updated flexibly in future:

h into account. This has not been universally possible and symbols should always be considered i

Vi
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Mechanical testing of metals — Symbols and definitions in
published standards

1| Scope
Thi|s Technical Report enumerates the symbols and definitions used in International Standards for specific
mdthods of mechanical testing of metallic materials, which are the responsibility of ISO, Technical Committee
164, Mechanical testing of metals. The data is indexed alphabetically and via a,'coding system. Annex A
prqvides an additional cross-reference between the coding system and releyant International Standard
numbers.
2 | Designation system
Tolassist in indexing and cross-referencing symbols and definitions, a code number is used to idlentify test
mgthods. The first digit of the code identifies the sub-committee of ISO/TC 164 that is resppnsible for
prgparing and reviewing International Standards for that, test method. Subsequent digits are in |ascending
order of the ISO number for each International Standard or Draft International Sandard.
International Standards that relate to a common test'method and which all share the same set of syymbols and
definitions are given a single code number.
If there existed both a valid International Standard and a document designed to replace it that had r¢ached the
DI$ stage, then both the International Standard and the DIS (Draft International Sandard) or FDI$ will have
begen assigned to the same code number:
Each test method for metallic materials is identified and designated as shown in Table 1. Annex A |provides a
rapid cross-reference to the coding system.
Table 1 — Identity and code of mechanical test
Test Identity Code ISO standards
S 1 | Metallic materials — Uninterrupted uniaxial creep testing in tension — Method of | 1.01 20411997
test DIS 204:2005
Metallic materials — Calibration of force-proving instruments used for the| 1.02 376{2004
verification of uniaxial testing machines
Metallic materials — Tensile testing at elevated temperature 1.03 78311999
Metallic materials — Tensile testing at ambient temperature 1.04 6892:1998
Metallic materials — Verification of static uniaxial testing machines — Part1:| 1.05 7500-1:2004
Tension/compression testing machines — Verification and calibration of the force-
measuring system
Metallic materials — Verification of static uniaxial testing machines — Part2:| 1.06 7500-2:1996
Tension creep testing machines — Verification of the applied load DIS 7500-2:2005
Metallic materials — Calibration of extensometers used in uniaxial testing 1.07 9513:1999
Metallic materials — Tensile testing at low temperature 1.08 15579:2000
Metallic materials — Tensile testing in liquid helium 1.09 19819:2004
© I1SO 2005 — All rights reserved 1
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Table 1 (continued)

Test Identity Code ISO standards
SC 2 | Metallic materials — Bend test 2.01 7438:2005
Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test 2.02 7799:1985
Metallic materials — Wire — Simple torsion test 2.03 7800:2003
Metallic materials — Wire — Reverse bend test 2.04 7801:1984
*Metallic materials — Wire — Wrapping test 2.05 7802:1983
Metlallic materials — Sheet and strip — Erichsen cupping test 2.06 20482:2003
Metlallic materials — Tube (in full section) — Bend test 2.07 8491:1998
Metallic materials — Tube — Flattening test 2.08 8492:1998
Metlallic materials — Tube — Dirift-expanding test 2.09 8493:1998
Metallic materials — Tube — Flanging test 210 8494:1998
Metlallic materials — Tube — Ring-expanding test 204 8495:1998
*Metallic materials — Tube — Ring tensile test 212 8496:1998
Metlallic materials — Wire — Reverse torsion test 213 9649:1990
Metlallic materials — Sheet and strip — Determination of plastic strain ratio 214 10113:1991
DIS 10113:2004
Metlallic materials — Sheet and strip — Determination of tensile strain hardening| 2.15 10275:1993
expgonent
Metlallic materials — Earing test 2.16 11531:1994
Metlallic materials — Guidelines for the determination of ferming-limit diagrams 217 12004:1997
Metlallic materials — Tube ring hydraulic pressure test 218 15363:2000
Metlallic materials — Strain analysis report 219 TR 14936:1998
SC 3 | Me}allic materials — Hardness test — Kneop:test 3.01 4545:1993
FDIS 4545-1 to
4545-4:2005
*Metallic materials — Hardness\\test — Verification of Knoop hardness testing| 3.01 4546:1993
maghines
*Metallic materials — Hafdness test — Calibration of standardized blocks to be| 3.01 4547:1993
used for Knoop hardness'\teésting machines
Metlallic materials ~-'Brinell hardness test — Part 1: Test method 3.02 6506-1:1999
FDIS 6506-1:2005
*Metallic materials — Brinell hardness test — Part 2: Verification and calibration of | 3.02 6506-2:1999
testing machines FDIS 6506-2:2005
*Metallic "'materials — Brinell hardness test — Part 3: Calibration of reference| 3.02 6506-3:1999
blotks FBtS-6566-3:2605
Metallic materials — Vickers hardness test — Part 1: Test method 3.03 6507-1:1997
FDIS 6507-1:2005
*Metallic materials — Vickers hardness test — Part 2: Verification of testing| 3.03 6507-2:1997
machines FDIS 6507-2:2005
*Metallic materials — Vickers hardness test — Part 3: Calibration of reference| 3.03 6507-3:1997
blocks FDIS 6507-3:2005
Metallic materials — Rockwell hardness test — Part 1: Test method (scales A, B,| 3.04 6508-1:1999
C,D,E F,G HKN,T) FDIS 6508-1:2005

2 © I1SO 2005 — All rights reserved
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Table 1 (continued)

Test Identity Code ISO standards
*Metallic materials — Rockwell hardness test — Part 2: Verification and calibration| 3.04 6508-2:1999
of testing machines (scales A,B,C,D, E, F, G, H,K, N, T) FDIS 6508-2:2005
*Metallic materials —Rockwell hardness test — Part 3: Calibration of reference| 3.04 6508-3:1999
blocks (scales A, B, C,D, E,F, G, H, K, N, T) FDIS 6508-3:2005
*Metallic materials — Hardness testing — Tables of Knoop hardness values for| 3.05 10250:1994

use in tests made on flat surfaces

Metallic materials — Instrumenied indentaiion test for hardness and materials| 3.06 T4577-1:2002
parameters — Part 1: Test method

*Metallic materials — Instrumented indentation test for hardness and materials| 3.06 14577-2:2002
parameters — Part 2: Verification and calibration of testing machines

*Metallic materials — Instrumented indentation test for hardness and materials| 3.06 14577-3:2002
parameters — Part 3: Calibration of reference blocks

*Metallic materials — Conversion of hardness values 3.07 1826p:2003

S 4 [ Steel — Charpy impact test (U-notch) 4.01 83:1976
*Steel — Charpy impact test (V-notch) 4.01 14811983
Metallic materials — Charpy pendulum impact test — Part 1: Testanethod 4.01 FDIS 148-1:2005
Metallic materials — Charpy pendulum impact test — Part 23) Verification of test| 4.01 148-P:1998
machines
Metallic materials — Charpy pendulum impact test —\Part 3: Preparation and| 4.01 148-8:1998
characterization of Charpy V reference test pieces for.verification of test machines
*Steel — Designation of test piece axes 4.02 378%:1976

FDIS 3y85:2005

Metallic materials — Determination of plane-strain fracture toughness 4.03 12737:2005
Steel — Charpy V-notch pendulum impact test — Instrumented test method 4.04 14556:2000
Metallic materials — Unified méthod of test for the determination of quasistatic| 4.05 1213p:2002
fracture toughness

SL 5 [Metals — Axial load fatigue, testing 5.01 1099:1975
Metallic materials — Fatigue testing — Axial force controlled method 5.01 DIS 1099:2005
Metals — Rotating-bar bending fatigue testing 5.02 1143:1975
Steel — Toysional stress fatigue testing 5.03 1352:1977
Axial load{fatigue testing machines — Dynamic force calibration — Strain gauge| 5.04 496%:1979
technique
Metallic materials — Fatigue testing — Axial-strain-controlled method 5.05 1210p:2003
Metallic materials — Fatigue testing — Statistical planning and analysis of data 5.06 1210[7:2003
Metallic materials — Fatigue testing — Fatigue crack growth method 5.07 12108:2002

*

There are no symbols or definitions in the text of the standard.

3 Definitions and symbols

Definitions and symbols employed in all of the International Standards and (Final) Draft International
Standards prepared by ISO/TC 164, Mechanical testing of metals are classified under the codes listed in
Table 1, Identity and code of mechanical test. If a standard has separate clauses for definitions and symbols,
the definitions are listed first, followed by a table of symbols. Each table of symbols is re-arranged into a
consistent alphabetical order. For clarity, notes, alternative definitions and conditions embodied within
definitions, which are particular to the individual standard, are excluded.

© I1SO 2005 — All rights reserved 3
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3.1 Code 1.01 Metallic materials — Uninterrupted uniaxial creep testing in tension —
Method of test

3.1.1 Definitions

reference length, L,
base length used for the calculation of elongation

NOTE Examples of reference lengths for several types of test pieces are given.

original r¢ference Tength,
reference |ength determined at ambient temperature before the test L., not exceeding the parallel length L
by more than 10 % L for circular test pieces, or by more than 15 % L for square or rectangular test-pieces

final refergnce length, L,
reference [ength determined at ambient temperature after rupture, the two pieces having been-carefully fitted
back together so that their axes lie in a straight line

original gauge length, L
length betyveen gauge length marks on the piece measured at ambient temperature‘before the test

final gauge length after rupture, L
length betiveen gauge marks on the test piece measured after rupture, at. ambient temperature, the two pie¢es
having begn carefully fitted back together so that their axes lie in a straightline

parallel Ie'rgth, Lg
length of the parallel reduced section of the test piece

extensometer gauge length, L,
distance bgtween the measuring points of the extensometer; as near as possible to the reference length

original cfoss-sectional area, S,
cross-sectlonal area of the parallel length determined at ambient temperature prior to testing

minimum [cross-sectional area after rupture, S,
minimum ¢ross-sectional area of the parallel length determined at ambient temperature after rupture, the fwo
pieces haying been carefully fitted back together so that their axes lie in a straight line

initial stress, o,
applied force divided by the original cross-sectional area S, of the test piece

elongatio
increase of the reference length at any moment during the test

percentage creep-elongation, 4;
at any given-moment t during the test, the increase in the reference length between this moment and the z

moment( al a spe ed lemperas e _expre eg as apercentage of the original reference lengih

1o

NOTE 1 The symbol 4, may have as superscript the specified temperature 7, in degrees Celsius, and as subscript the
stress, in megapascals, and the time t, in hours.

NOTE 2 By convention, the zero moment (start of time) is the moment at which the initial stress (o) is applied to the
test piece. The origin of the elongation is the value of the reference length at the zero moment.

4 © I1SO 2005 — All rights reserved
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percentage elongation after creep rupture, 4;,

permanent elongation of the reference length after rupture (L., —L,,), expressed as a percentage of the
original reference length:

-L
10 %100
ro

Agy =

NOTE The symbol 4, may have as superscript the specified temperature T, in degrees Celsius, and as subscript the
stress, in megapascals.

pefcentage reduction of area after creep rupture, Z,

mgximum change in cross-sectional area measured after rupture (S, — S,), expressed as a percentage of the
original cross-sectional area (S,):

So =S
Z,=—2"Y%100

u
(0]

NQTE The symbol Z, may have as superscript the specified temperature 7, in degrees Celsius, and as subscript the
strg¢ss, in megapascals.

creep rupture time, 7,

time required for the test piece, maintained at the specified temperature T and strained by the specified tensile
forfe, to rupture

NQTE The symbol 7, may have as superscript the specified.temperature 7, in degrees Celsius, and as subscript the
strg¢ss, in megapascals.

simple machine
tegt machine that allows the straining of only one.test piece at a time

myltiple machine
tegt machine that allows simultaneous straining of more than one test piece at the same temperatur

11

Table 2 — Symbols designated in the International Standard, Code 1.01

Symbol Unit Meaning
ALy mm Increase in the reference length between a moment t and the zero moment
o, MPa Initial stress
Ay %, Percentage creep elongation
Ag, % Percentage elongation after creep rupture
b mm Width of the cross-section of the parallel length of a test piece of square or fectangular
cross-section
d mm Diameter of the cross-section of the parallel length of a cylindrical test piece
L, mm Parallel length
L mm Extensometer gauge length
L, mm Original gauge length
L mm Reference length
L, mm Original reference length
L, mm Final reference length
L, mm Final gauge length after rupture

© I1SO 2005 — All rights reserved 5
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Table 2 (continued)

Symbol Unit Meaning
r mm Transition radius
S, mm?2 Original cross-sectional area of the parallel length
S, mm? Minimum cross-sectional area after rupture
T °C Specified temperature
T, °C Indicated temperature
4 h Creep rupture time
Z, % Percentage reduction of area after creep rupture
3.2 Code 1.02 Metallic materials — Calibration of force-proving instruments used for the
verificatipn of uniaxial testing machines
Table 3 — Symbols designated in the International Standard, Code 1.02
Symbol Unit Designation
b % Relative reproducibility error with rotation
b’ % Relative repeatability without rotation
Je % Relative interpolation error
Fy N Maximum capacity of the transducer
Fy N Maximum capacity of the measuring:range
Jo % Relative zero error
I — Reading @ on the indicator-after removal of force
iy - Reading @ on the indi¢ator before application of force
r — Resolution ofdhe-.indicator
v % Relative réversibility error of the force proving instrument
X — Deflection with increasing test force
X_r - Average value of the deflections with rotation
Xwr - Average value of the deflections without rotation
X' — Deflection with decreasing test force
X, — Computed value of deflection
KXinax — Maximum deflection
KXmin — Minimum deflection
AN — Deflection corresponding to the maximum capacity

@  Reading value corresponding to the deflection.

6 © I1SO 2005 — All rights reserved
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3.3 Code 1.03 Metallic materials — Tensile testing at elevated temperature

3.3.1 Definitions

gauge length
length of the parallel portion of the test piece on which elongation is measured at any moment during the test

original gauge length, L
gauge length at ambient temperature before heating of the test piece and before application of force

finpl gauge length, L,
galige length after rupture, the two pieces having been carefully fitted back together so that thein akes lie in a
straight line, measured at ambient temperature

parallel length, L
pafallel portion of the test piece

NQTE The concept of parallel length is replaced by the concept of distance between grips for non-machined test
piefes.

extensometer gauge length, L,

length of the parallel portion of the test piece used for the measurement of elongation by mgans of an
exiensometer

NQTE The length may differ from L and could have a value greater than b, d, or D but less than L.

extension
ingrease in the extensometer gauge length (Lg), at any moment during the test

elgngation
ingrease in the original gauge length (L) under the action of the tensile force, at any moment during the test

pefcentage elongation
elgngation expressed as a percentage of the original gauge length (L)

pefcentage permanent elongation
increase in the original gaugée length of a test piece after removal of a specified stress, exprgssed as a
pefcentage of the original gauge length (L)

pefcentage elongation after fracture, 4
pefmanent elongation of the gauge length after fracture (L, — L), expressed as a percentage of the original
gapige length (L)

pefcentage total elongation at fracture, 4,

totgl -€longation (elastic elongation plus plastic elongation) of the gauge length at the moment ¢f fracture,
expressed as a percentage of the original gauge length (L)

percentage reduction of area, Z
maximum change in cross-sectional area (S, -S,) which has occurred during the test, expressed as a
percentage of the original cross-sectional area (S,)

maximum force, F,,
greatest force which the test piece withstands during the test

stress
force at any moment during the test divided by the original cross-sectional area (S,) of the test piece
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tensile strength, R,
stress corresponding to the maximum force (F,,)

yield strength
when the metallic material exhibits a yield phenomenon, point reached during the test at which plastic
deformation occurs without any increase in the force

upper yield strength, R,
value of stress at the moment when the first decrease in force is observed

lower yielf strength, R
lowest valjie of stress during plastic yielding, ignoring any transient effects

proof strength, non-proportional extension, R,

stress at Wwhich a non-proportional extension is equal to a specified proportion e of the extensometer gayge
length (L

Table 4 — Symbols designated in the International Standard, Code 1.03

Symbol Unit Designation

0 °C Indicated temperature

7 °C Fixed temperature

a?d mm Thickness of a flat test piece or wall thickness.of a tube
4b % Percentage elongation after fracture: L“L;LOMOO

o
Ay % Percentage total elongation at fracture
b mm Width of the parallel length*of-a flat test piece or average width of a longitudinal strip from a
tube or width of flat wire
d mm Diameter of the pafallel length of a circular test piece or diameter of round wire or interpal
diameter of a tube

D mm External diameéter of a tube

F N Maximum-force

k — Ceefficient of proportionality

L, mm Parallel length

Ly mm Extensometer gauge length

L, mm Original gauge length

Ly mm Total length of test piece

L, mm Final gauge length after fracture
Reyy N/mm?2 ¢ Upper yield strength
Ry N/mm?2 Lower yield strength
Ry N/mm?2 Tensile strength

Rp N/mm?2 Proof strength, non-proportional extension

So mm? Original cross-sectional area of the parallel length

S, mm? Minimum cross-sectional area after fracture
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Table 4 (continued)
Symbol Unit Designation
. S-Sy
Z % Percentage reduction of area: S—x100
o

The symbol T'is also used in steel-tube product standards.

) . . - . /4S
In the case of proportional test pieces, only if the original gauge length is other than 5,65,/S,, , 5,65,/S, =5 o,
T

where S_ is the original cross-sectional area of the parallel length, shall the symbol 4 be supplemented by an index i
coefficient of proportionality used, e.g.:

4,4 5 = percentage elongation of an original gauge length (L) of 11,3, [So -

In the case of non-proportional test pieces, the symbol 4 shall be supplemented by a subscript desighating the of
length used, expressed in millimetres, e.g.:

Agy = percentage elongation of an original gauge length (Z,) of 80 mm.

1 N/mmZ2 =1 MPa

hdicating the

iginal gauge

3.4

34

ga
len

pa

original gauge length, L

ga

finpl gauge length, L,

ga

pa
pa

NG

elg
ing

pe
elg

pe

| Code 1.04 Metallic materials — Tensile testing at ambient temperature

1 Definitions
Lge length, L

gth of the cylindrical or prismatic portion of the test,piece on which elongation shall be msg
ticular, a distinction is made between:

ige length before application of force

Ige length after rupture of the test piece

rallel length, L
allel portion of the reduced section of the test piece

TE The concept of parallel'fength is replaced by the concept of distance between grips for non-machined

ngation
rease in the original gauge length (L,) at any moment during the test

fcentage elongation
ngation expressed as a percentage of the original gauge length (L)

fcentage permanent elongation

asured. In

test pieces.

ing

rease in the original gauge length of a test piece after removal of a specified stress, expre

ssed as a

percentage of the original gauge length (L)

percentage elongation after fracture, 4
permanent elongation of the gauge length after fracture (L, — L), expressed as a percentage of the original
gauge length (L)

In the case of proportional test pieces, only if the original gauge length is other than 5,65,/S, , where S is the
original cross-sectional area of the parallel length, the symbol 4 shall be supplemented by an index indicating
the coefficient of proportionality used, for example:

444 3 = percentage elongation of a gauge length (L) of 11, KINAYS
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In the case of non-proportional test pieces, the symbol 4 shall be supplemented by an index indicating the
original gauge length used, expressed in millimetres, for example:

Ago mm = Percentage elongation of a gauge length (L) of 80 mm

percentage total elongation at fracture, 4,

total elongation (elastic elongation plus plastic elongation) of the gauge length at the moment of fracture,
expressed as a percentage of the original gauge length (L)

percentage elongation at maximum force
increase i the gauge length of the test piece at maximum force, expressed as a percentage of the original
gauge length (L,). A distinction is made between the percentage total elongation at maximum force (Agt) gnd
the percentage non-proportional elongation at maximum force (Ag)

extensometer gauge length, L

length of the parallel portion of the test piece used for the measurement of extension, by means of [an
extensomgter

It is recommended that, for measurement of yield and proof strength parameter, L, >[/2.

It is further recommended that, for measurement of parameters “at” or ‘after” maximum force, L, |be
approximately equal to L.

extension
increase ir) the extensometer gauge length (L) at a given moment of the test

percentage permanent extension
increase in the extensometer gauge length, after removal of aspecified stress from the test piece, expressed
as a perceptage of the extensometer gauge length (L)

percentade yield point extension, 4,

in discontipuous yielding materials, the extensionbetween the start of yielding and the start of uniform wprk
hardening/ It is expressed as a percentage of the.extensometer gauge length (L)

percentade reduction of area, Z

maximum [change in cross-sectional area (S, - S,), which has occurred during the test, expressed as a
percentage of the original cross-sectional area (S,)

maximum(force, F,,
greatest fdrce that the test piece withstands during the test once the yield point has been passed

For materigls without a Vvield point, it is the maximum value during the test

stress
at any mornent daring the test, force divided by the original cross-sectional area (S,) of the test piece

tensile strengthy R
stress corresponding to the maximum force (F,,))

yield strength
when the metallic material exhibits a yield phenomenon, a point is reached during the test at which plastic
deformation occurs without any increase in the force

upper yield strength, R,
value of stress at the moment when the first decrease in force is observed

lower yield strength, R,
lowest value of stress during plastic yielding, ignoring any initial transient effects
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proof strength, non-proportional extension, Ry

stress at which a non-proportional extension is equal to a specified percentage of the extensometer gauge
length (L,). The symbol used is followed by a suffix giving the prescribed percentage, for example: Rpo,2

proof strength, total extension, R,

stress at which total extension (elastic extension plus plastic extension) is equal to a specified percentage of
the extensometer gauge length (L,). The symbol used is followed by a suffix giving the prescribed percentage,
for example: Ry 5

permanent set strength, R,

stressatwhiciT, after rermovatof force, a specified-permanent etongation or extension, expressed Tespectively
asa percentage of original gauge length (L) or extensometer gauge length (L), has not been exCepded
The symbol used is followed by a suffix giving the specified percentage of the original gaugedength (L) or of
thg extensometer gauge length (L), for example: Ry »
Table 5 — Symbols designated in the International Standard, Code 1.04
Symbol Unit Designation
a mm Thickness of a flat test piece or wall thickness of a tube
A % Percentage elongation after fracture: M><100
o]
g % Percentage non-proportional elongatjon‘at maximum force F,
e % Percentage yield point extension
gt % Percentage total elongation atmaximum force F,
Ay % Percentage total elongationat fracture
AL, mm Extension at maximum-force
b mm Width of the paralleFlength of a flat test piece or average width of a longitudinal ptrip from a
tube or width-of a flat wire
d mm Diameter of-the parallel length of a circular test piece, or diameter of round wirg or internal
diameter of a tube
k — Coefficient of proportionality
D mm External diameter of a tube
E N/mm?2 Modulus of elasticity
Fa N Maximum force
L, mm Parallel length
L mm Extensometer gauge length
Lg mm Original gauge length
£ PR Initial-gatge-length-for-determination-of 45
Ly mm Total length of test piece
L, mm Final gauge length
L', mm Final gauge length after fracture for determination of Ag
Ry N/mm2 Upper yield strength
Ry N/mm?2 Lower yield strength
R, N/mm? Tensile strength
Rp N/mm? Proof strength, non-proportional extension
© IS0 2005 — Al rights reserved 1
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Table 5 (continued)

Symbol Unit Designation
R, N/mm? Permanent set strength
R, N/mm? Proof strength, total extension
S, mm?2 Original cross-sectional area of the parallel length
S, mm2 Minimum cross-sectional area, after fracture
7 % Percentage reduction of area- M 100
o}

3.5 Code 1.05 Metallic materials — Verification of static uniaxial tensile testing.machines

3.5.1 Definitions
calibration
set of opdrations that establish, under specified conditions, the relationship between values of quantifies
indicated iy a measuring instrument or measuring system, or values represented by a material measure gr a
reference material, and the corresponding values realized by standards

NOTE 1  |The result of a calibration permits either the assignment of valués of measurands to the indications or [the
determinatipn of corrections with respect to indications.

NOTE 2  |A calibration may also determine other metrological properties, such as the effect of influence quantities.

NOTE 3 The result of a calibration may be recorded in a dogument, sometimes called a calibration certificate qr a
calibration report.

Table 6 — Symbols designated in the International Standard, Code 1.05

Symbol Unit Meaning
Pair kg/m?3 Density of air
Prm kg/m® | Density of the dead weights
a % Relative_ resolution of the force indicator of the testing machine
b % Relative repeatability error of the force-measuring system of the testing machine
F N True force indicated by the force-proving instrument with increasing test force
F' N True force indicated by the force-proving instrument with decreasing test force
F, True force indicated by the force-proving instrument with increasing test force, for the

complementary series of measurements for the smallest range which is used

L F N Arithmetic mean of several measurements of F; and ' for the same discrete force
F N Force indicated by the force indicator of the testing machine to be verified, with increasing test
force
Fi max Fi min N . .
Highest or lowest value of F; or F for the same discrete force
Fmax’ Fmin
Fi. N Force reading on the force indicator of the testing machine to be verified, with increasing test

force, for the complementary series of measurements for the smallest range which is used
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Table 6 (continued)

Symbol Unit Meaning
F N Residual indication of the force indicator of the testing machine to be verified after removal of
force
Fy N Maximum capacity of the measuring range of the force indicator of the testing machine
Jo % Relative zero error of the force-measuring system of the testing machine
&n m/s? Local acceleration due to gravity
q % Relative accuracy error of the force-measuring system of the testing machine
r N Resolution of the force indicator of the testing machine
v % Relative reversibility error of the force-measuring system of the testing.machine
3.6 Code 1.06 Metallic materials — Verification of static uniaxial testing machines +
Tension creep testing machines
Table 7 — Symbols designated in the InternationalStandard, Code 1.06
Symbol Unit Meaning
a % Relative discrimination threshold
b % Relative repeatability error of the testing machine
d N Discrimination threshold
d, N Discrimination threshold.corresponding to 20 % of the maximum force range (F)
F N True load indicated by-the force proving instrument
F N Arithmetic mean.of-several measurements of F for the same discrete load
F; N Load applied by the testing machine to be verified
— far.deadweight machines: F; = mg @
—£_ )for lever-type machines: F; = mgR @
— for jockey weight machines, the value of F; is indicated on the scale of the machine
Fy N Force exerted by the masses on the scale pan of the machine
Flax Fmin N Highest or lowest value of F for the same discrete load
Fy N Maximum capacity of the load range of the testing machine
E N Lower limit of the verified load range
q Yo Relative accuracy error of the testing machine
R — Lever ratio used for the verification
@ g =local acceleration due to gravity, in metres per second squared.

© I1SO 2005 — All rights reserved
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3.7 Code 1.07 Metallic materials — Calibration of extensometers used in uniaxial testing

Table 8 — Symbols used in the International Standard, Code 1.07

Symbols Unit Designation
E ax mm Maximum limit of calibration range
E in mm Minimum limit of calibration range
Le mm Nominal value of gauge length of extensometer
L, mm Measured value of gauge length of extensometer
I um Displacement indicated by the extensometer
A um True displacement given by the calibration apparatus
q % Relative bias error of the extensometer
dLe % Relative gauge length error
r pm Resolution of extensometer
3.8 Code 1.08 Metallic materials — Tensile testing at low temperature

3.8.1 Definitions

gauge Ienfth, L

length of t

e cylindrical or prismatic portion of the test piece onhich elongation shall be measured

original gauge length, L

gauge leng

th before application of force measured at ambient temperature

final gauge length, L

gauge leng

parallel le
length of t

th after fracture of the test piece measured at ambient temperature

gth, L.
e parallel portion of the reduged section of the test piece

extensometer gauge length, L}

length of
extensome

NOTE

elongation

increase ir

he parallel portion. 6f the test piece used for the measurement of elongation by means of
ter

This length may- differ from L and has a value greater than b or d but less than L

theoriginal gauge length (L) at any moment during the test

percentage elongation

elongation

expressed as a percentage of the original gauge length (L)

percentage permanent elongation
increase in the original gauge length of a test piece after removal of a specified stress, expressed as a
percentage of the original gauge length (L)

percentage elongation after fracture, 4
permanent elongation of the original gauge length after fracture (L, — L), expressed as a percentage of the

original gauge length (L)
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NOTE In the case of proportional test pieces, only if the original gauge length is other than 5,65 /S, , where S is the
original cross-sectional area of the parallel length, should the symbol 4 be supplemented by an index indicating the
coefficient of proportionality used, for example:

4,4 5 = percentage elongation of a gauge length (L ) of 11,3 /S,

In the case of non-proportional test pieces, the symbol 4 shall be supplemented by an index indicating the original gauge
length used, expressed in millimetres, for example:

Agy mm = Percentage elongation of a gauge length (L) of 80 mm.

pefcentage total elongation at fracture, 4,

total elongation (elastic elongation plus plastic elongation) of the gauge length at the moment of fracture,
expressed as a percentage of the original gauge length (L)

exfension
increase in the extensometer gauge length (L,) at a given moment of the test

pefcentage permanent extension
increase in the extensometer gauge length, after removal from the test piece of a specified stress, [expressed
as|a percentage of the extensometer gauge length (L)

pefcentage reduction of area, Z
mgximum change in cross-sectional area which has occurréd during the test (S, -.S,), exprepsed as a
pefcentage of the original cross-sectional area (S,)

mgximum force, F,,
mgximum force which the test piece withstands durihg the test after any yielding has taken place

NQTE For brittle materials, it is the maximum value during the test.

stness
forge at any moment during the test divided by the original cross-sectional area (S,) of the test piecg

tensile strength, R,
stress corresponding to the maximum force (F),))

yigld strength
whien the metallic material exhibits a yield phenomenon, a point during the test at which plastic deformation
ocgurs without any.increase in the force

upper yield'strength, R
value of stress at which the first decrease in force is observed

lowetyield strength, R,
lowest value of stress during plastic yielding, ignoring any transient effects

proof strength, non-proportional extension, Ry
stress at which the non-proportional extension is equal to a specified percentage of the extensometer gauge
length (L)

NOTE The symbol used is followed by a suffix giving the prescribed percentage, for example: Roo,2
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Table 9 — Symbols and designations, Code 1.08

Symbol Unit Designation
0 °C Specified temperature
0, °C Indicated temperature
a mm Thickness of a flat test piece or wall thickness of a tube
A % Percentage elongation after fracture: M>< 100
(o]
Ay % Percentage total elongation at fracture
b mm Width of the pargllel length qf a flat test piece or average width of the longitudinal strip-taken
from a tube or width of flat wire
d mm Diameter of the parallel length of a cylindrical test piece or diameter of a cireular wire
Fa N Maximum force
L, mm Parallel length
L mm Extensometer gauge length
L, mm Original gauge length
L, mm Final gauge length after fracture
Ron N/mm? Upper yield strength
Ry N/mm? Lower yield strength
R, N/mm2 | Tensile strength
R, N/mm? Proof strength, non-proportional extension
S, mm2 Original cross-sectional area of the{arallel length
S, mm?2 Minimum cross-sectional ared after fracture (final cross-sectional area)
VA % Percentage reduction. of\area: %MOO
(o}

3.9 Code 1.09 Metallic materials— Tensile testing in liquid helium

3.9.1 Definiti

internal hdating of a spécimen resulting from deformation under conditions such that the heat generated|by

average of the longitudinal strains measured at opposite or equally spaced surface locations on the sideg of
the longitudimataxis of symmetry of the specimen

NOTE The longitudinal strains are measured using two or more strain-sensing transducers located at the mid-length
of the parallel length.

bending strain
difference between the strain at the surface of the specimen and the axial strain

NOTE The bending strain varies around the circumference and along the parallel length of the specimen

dewar
a vacuum-insulated container for cryogenic fluids
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discontinuous yielding strength, R,
peak stress at the initiation of the first measurable serration on the stress-strain curves

tensile cryostat
test apparatus for applying tensile forces to specimens in cryogenic environments

Table 10 — Symbols and designations, Code 1.09

Symbol Unit Designation
+ R BiameterofHthe-paralieHength-ofa-eylindrcaHestpiece-ordiameterofa-ciredlarwire
L, mm Original gauge length
L, mm Final gauge length after fracture
L, mm Parallel length
L mm Extensometer gauge length
So mm?2 Original cross-sectional area of the parallel length
S, mm?2 Minimum cross-sectional area after fracture (final cross*sectional area)
7 % Percentage reduction of area: Z = M><1OO
(o]
A % Percentage elongation after fracture;« 4= L“L;LO x100
o
F, N Maximum force
Ry N/mm?2 Tensile strength
’?po,z N/mm?2 0,2 % proof strength,‘\non-proportional extension
R, N/mm?2 Discontinuous.yielding strength
3.10 Code 2.01 Metallic materials — Bend test
Table 1D — Symbols designated in the International Standard, Code 2.01
Symbol Unit Designation
a degree Angle of bend
a mm Thickness or diameter of test piece (or diameter of the inscribed circle forl pieces of
polygonal cross-section)
b mm Width of test piece
D mm Diameter of mandrel
/ mm Distance between supports
L mm Length of test piece
r mm Internal radius of bend portion of test piece after bending

© I1SO 2005 — All rights reserved

17


https://standardsiso.com/api/?name=662777a312208d8dc1bb89c6df979879

ISO/TR 25679:2005(E)

3.11 Code 2.02 Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test

Table 12 — Symbols designated in the International Standard, Code 2.02

Symbol Unit Designation
a mm Thickness of test piece
h mm Distance from top tangential plane of cylindrical supports to the bottom face of guide
N, — Number of reverse bends
r mm Radius of cylindrical supports
y mm Distance from a plane defined by the axis of cylindrical supports and the nearest-point| of
contact with the test piece

3.12 Code 2.03 Metallic materials — Wire — Simple torsion test

Table 13 — Symbols designated in the International Standard, Code 2.03

Symbol Unit Designation

d mm Diameter of round wire

D mm Characteristic dimension for non-circular wires @

L mm Free length between grips

N, — Number of turns
@  The characteristic dimension for non-circular wires is the maximum dimension of the cross-section and is usually specified in fhe
relevant stapdard.

3.13 Code 2.04 Metallic materials — Wire — Reverse bend test

Table 14 — Symbols desighated in the International Standard, Code 2.04

Symbol Unit Designation

a mm Milnimum thickness of wire of non-circular section capable of being held between parallel
grips

d mm Diameter of round wire

dg mm Diameter of guide hole

h mm Distance from the top tangential plane of cylindrical supports to the bottom face of guide

Ny S Number of reverse bends

r mm Radius of cylindrical supports

y mm Distance from a plane, defined by the axes of the cylindrical supports, to the nearest point of
contact with the test piece
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3.14 Code 2.06 Metallic materials — Sheet and strip — Erichsen cupping test

Table 15 — Symbols designated in the International Standard, Code 2.06

Symbol Unit Designation
a mm Thickness of the test piece
b mm Width or diameter of the test piece
d, mm Diameter of the spherical end of the punch
d, mm Bore diameter of the die
dy mm Bore diameter of the blank holder
dy, mm Outside diameter of the die
dg mm Outside diameter of the blank holder
hy mm Height of the inside rounded part of the die
h mm Depth of the cup during the test
IE — Erichsen cupping index
R, mm Outside corner radius of the die, outside corner radius of the blank holder
R, mm Inside corner radius of the die

3.15 Code 2.07 Metallic materials — Tube (in full section) — Bend test

Table 16 — Symbols designated in the International Standard, Code 2.07

Symbol Unit Designation
a degree Angle of the bend
a® mm Wall thickness.ef-the tube
D mm Outside diameter of the tube
L mm Length of test piece before the test
r mm Inside radius at the bottom of the groove

@ | The symbol T'is also usedin steel tube standards.

3.16 Code 2.08 Metallic materials — Tube — Flattening test

Table 17 — Symbols designated in the International Standard, Code 2.08

Symbols Unit Designation
a® mm Wall thickness of the tube
b mm Inside width of flattened test piece
D mm Outside diameter of the tube
H mm Distance between platens measured under load
L mm Length of the test piece

@  The symbol Tis also used in steel tube standards.

© I1SO 2005 — All rights reserved
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3.17 Code 2.09 Metallic materials — Tube — Drift expanding test

Table 18 — Symbols designated in the International Standard, Code 2.09

Symbol Unit Designation
p degree Angle of conical mandrel
a® mm Wall thickness of the tube
D mm Original outside diameter of the tube
D, mm Maximum outside diameter atter testing
L mm Length of the test piece before testing
@  The symbol Tis also used in steel tube standards.

3.18 Code 2.10 Metallic materials — Tube — Flanging test

Table 19 — Symbols designated in the International Standard, Code 2.10

Symbol Unit Designation

p degree Angle of the conical mandrel

a® mm Wall thickness of the tube

D mm Original outside diameter of the tube

D, mm Maximum outside diameter of the flange

L mm Length of the test piece before the test

R mm Corner radius of the flanging toal

@  The symbol Tis also used in steel tube standards.

3.19 Code 2.11 Metallic materials — Tube — Ring expanding test

Table 20 — Symbols designated in the International Standard, Code 2.11

Symbol Unit Designation
a® mm Wall thickness of the tube
D mm Original outside diameter of the tube

D, max mm Maximum diameter of the conical mandrel

D, min mm Minimum diameter of the conical mandrel
D, mm Maximum outside diameter of the expanded part of the test piece
L mm Length of test piece before the test
k mm Length of the taper of the conical mandrel

@  The symbol T'is also used in steel tube standards.
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3.20 Code 2.13 Metallic materials — Wire — Reverse torsion test

Table 21 — Symbols designated in the International Standard, Code 2.13

plastic strain ratio,

Symbol Unit Designation
d mm Diameter of a round wire
L mm Free length between grips
N — Number of turns in one direction

ratlo of the true width strain and true thickness strain in a test piece that has been submitted to uniaxial tensile
stress
Table 22 — Symbols designated in the International‘Standard, Code 2.14
Symbol Unit Meaning
Ar — Degree of planar anisotropy
& — True thickness strain
& — True width strain
b mm Gauge width of the test pieege after straining to a specified elongation
b, mm Original gauge width of the test piece
L mm Gauge length after-straining to a specified elongation
L, mm Original gaugelength
r — Plastic strain ratio
m — Weighted average of r,,, values
Ty — Blastic strain ratio in x-direction (in degrees) relative to the rolling direction at a|strain level
of y %
3.22 Code 2.15 Metallic materials — Sheet and strip — Determination of tensile strain
hardeningexponent
Table 23 — Symbols designated in the International Standard, Code 2.15

Symbol Unit Meaning
a — Gradient of line Inoversus Ing
AL mm Instantaneous elongation of measurement base
£ — True strain in test piece under action of force F: ¢ = In(Li]
e
o N/mm?2 True stress in test piece under action of force F: o = F[ L J

LeS,

© I1SO 2005 — All rights reserved
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Table 23 (continued)

Symbol Unit Meaning
F N Instantaneous force applied to test piece
K N/mm2 Strength coefficient
L mm Instantaneous length of measurement base: L =L, +AL
L mm Extensometer gauge length
n — Strain hardening exponent
N — Number of measurements made in determining tensile strain hardening exponent
N mm? Cross-sectional area of parallel-sided section of test piece under action of) force | F:
s=S, [%e]
S, mm? Original cross-sectional area of parallel-sided section of test piece
3.23 Code 2.16 Metallic materials — Earing test
Table 24 — Symbols designated in the International Standard, Code 2.16
Symbol Unit Meaning

a mm Thickness of test piece
d, mm Diameter of punch
d, mm Inside diameter of die
d, mm Diameter of circular blank
]'_’e mm Mean ear height

hg max mm Maximum ear height
hy mm Mean value of 4,

it max mm Maximum value-of 4,
hy mm Distance between outside bottom of cup to any ear peak
hy, mm Mearvalue of &,
hy, mm Bistance between outside bottom of cup to any ear valley

hy min mm Minimum value of 7,
R, mm Corner radius of punch
R, nmm Inside corner radius of die
R, um Surface roughness parameter — arithmetic mean deviation of profile
VA % Ear height expressed as a percentage
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3.24 Code 2.17 Metallic materials — Guidelines for the determination of forming-limit
diagrams

Table 25 — Symbols and their meanings, Code 2.17

Symbol Unit Meaning

a mm Thickness of test piece
e, % Minor strain (90° to major)
2 % Major strain

FLC — Forming-limit curve

FLD — Forming-limit diagram
I mm Final length in major strain direction
Iy mm Final length at 90° to major strain direction
Iy mm Original gauge length of grid pattern

3.25 Code 2.18 Metallic materials — Tube ring hydraulic pressure test

Table 26 — Symbols designated in the International-Standards, Code 2.18

Symbol Unit Designation
a? mm Measured tube test ring thickness
Ay % Specified total circumferential strain
db mm Measured outside diameter of the tube test ring
I mm Length of tube test ring
P N/mm? Hydrostatic pressure te produce the specified total circumferential strain
Ry N/mm?2 Hoop strength at'the specified total strain

@ | The symbol T'is also used in steel tube standards.

The symbol D is also used for this parameter in standards for steel tubes.

3.26 Code 2.19 Metallic'materials — Strain analysis report

Table-27 — Symbols designated in the International Standards, Code 2.19

Symbol Unit Meaning
a mm Thickness of test piece
as mm Thickness after forming the part
4 % Major strain
ey % Minor sfrain, 90° to the direcfion of major sfrain
e; % Thickness strain
Ly mm Original gauge length of grid pattern
I mm Final length in major strain direction
Iy mm Final length 90° to the direction of major strain
n 1 Strain hardening exponent (n value)
- 1 Plastic strain ratio, weighted average
FLD — Forming-Limit Diagram
FLC — Forming-Limit Curve
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3.27 Code 3.01 Metallic materials — Hardness test — Knoop test

Table 28 — Symbols designated in the International Standards, Code 3.01

Symbol Designation
c Indenter constant relating projected area of the indentation to the square of the length of the long diagonal
d Length, in millimetres, of the long diagonal
F Test force, in newtons
Test force

Knoop hardness = - - -
Projected area of indentation

HK
=0,102x 5 :0,102x;2:1,451i2
dc-c 0,07028 d d
N 1 1
NOTE Constant =— ~0,102

on 9,806 65

where g is the acceleration due to gravity.

B
tan 5

(04
2tanE

Indenter constant ¢ =

where « and g are the angles between the opposite edges.

3.28 Code 3.02 Metallic materials — Brinell hardness test — Part 1: Test method

Table 29 — Symbols designated in the International Standards, Code 3.02

Symbol Unit Designation
d mm Mean diameter of-the indentation (d = %J
D mm Diameter. ofithe ball
dq, dy mm Indentation diameters measured at 90°
F N Test force
0,102 x FIp? N/mm?2 Force-diameter ratio
_[p2_ 2
h mm Depth of indentation = D l; d
Brinell hardness = constant x Test for.ce -
Sui—fauc arcd Uf LLI IdUI |tat|u||
HBW — )
0,102 F
wD(D-D? —d?)

NOTE Constant =i 1

= ~0102
e 980665 10

where g, is the acceleration due to gravity.
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3.29 Code 3.03 Hardness test — Vickers hardness test — Part 1: Test method

Table 30 — Symbols designated in the International Standards, Code 3.03

Symbols Designation
a Angle between the opposite faces at the vertex of the pyramidal indenter (136°)
d Arithmetic mean, in millimetres, of the two diagonals of length d, and d,
F Test force in newtons
Test force

Vickers hardness = constant x

Surface area of indentation

HV °
2F sin 136 F
=0,102 e :0,1891?
NOTE  Constant=—-=—_ ~0,102
g, 9,806 65
where g, is the acceleration due to gravity.
3.30 Code 3.04 Metallic materials — Rockwell hardnesstest — Part 1: Test method (scales A-
B-C-D-E-F-G-H-K-N-T)
Table 31 — Symbols designated in thejInternational Standards, Code 3.04
Symbol Unit Designation
F N Total test force
Fy N Preliminary test force
Fy N Additional test\force
A Permanent.increase in depth of indentation under preliminary test force after removal of
mm " ; -
additional‘test force (permanent indentation depth)
N mm Number specific to the scale
S mm Scale unit, specific to the scale
h
Rockwell hardness = 100 - ———
HRA HRA 0,002
h
Rockwell hardness = 100 - ——
HRC HRC 0.002
h
HRD HRD Rockwell hardness = 100 — ——
HRB HRB Rockwell hardness = 130 — _h
0,002
HRE HRE Rockwell hardness = 130 — L
0,002
HRF HRF Rockwell hardness = 130 — L
0,002
h
Rockwell hardness = 130 - ——
HRG HRG 0.002
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Table 31 (continued)

Symbol Unit Designation
h
HRH HRH Rockwell hardness = 130 — m
h
HRK HRK Rockwell hardness = 130 — m
HRN HRN Rockwell hardness = 100 — — fm
6,664
h
HRT HRT Rockwell hardness = 100 — m
3.31 Code 3.06 Metallic materials — Instrumented indentation test for hardness and
materialg parameters — Part 1: Test method
Table 32 — Symbols designated in the International Standards; Code 3.06
Symbol Unit Designation
a ° Angle, specific to the shape of the pyramidal indenter
Tlit % Relation Weyas/ Wiotal
4, (he) mm?2 Projected area of contact of the indenteratdistance / from the tip
Ag (h) mm?2 Surface area of the indenter at distance % from the tip
Cr % Indentation creep
Eq N/mm? Indentation modules
F N Test force
Frax N Maximum test force
h mm Indentation depth:under applied test force
he mm Depth of the contact of the indenter with the test piece at F
hmax mm Maximun indentation depth at /7.
hp mm Permanent indentation depth after removal of the test force
h, mm Point of intersection of the tangent c to curve b at F, . with the indentation depth-axis
Hip N/mu? Indentation hardness
HM Nfmmn? Martens hardness
HM N/mm? Martens hardness determined from the slope of the increasing force/indentation depth curye
r mm Radius of spherical indenter
Rt % Indentation relaxation
Welast N-m Elastic reverse deformation work of indentation
Wiotal N-m Total mechanical work of indentation

NOTE 1  To avoid very long numbers the use of multiples or sub-multiples of the units is permitted.

NOTE2 1N/mm? = 1Mpa.
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3.32 Code 4.01 Steel — Charpy impact test (U-notch)

Table 33 — Symbols designated in the International Standards, Code 4.01

Symbol Designation
a Thickness of test piece
b Width of test piece
L Distance between supports
KU Energy absorbed, In joules

3.33 Code 4.01 Metallic materials — Charpy pendulum impact test — Part 1i Test me

3.3

ac
val

3.1 Definitions

ual initial potential energy (potential energy), 4
ue determined by direct verification [see ISO 148-2]

abgorbed energy, K

en

NG

brgy value indicated by the pointer or other readout device

TE The letter 7 or U shall be added to indicate the notch geemetry, that is: K7 or KU. The number 2

addled as a subscript to indicate striker radius, that is K7, for examiple.

tegt piece

wit
ap

he
dis

wi

h the test piece placed in the test position on the-supports of the machine, the following nomenc
Dly

ght, 7
tance between the notched face and the opposite face

Hth, w

dimension perpendicular to the-height that is parallel to the notch

len
the

gth, /
largest dimension at.right angles to the notch

TFable 34 — Symbols designated in the International Standards, Code 4.01

thod

r 8 shall be

ature shall

Symbol Unit Designation

Ap J Actual initial potential energy (potential energy)

FA % Shear-fracture appearance

h mm? Height of test piece
KU, J Absorbed energy for a U-notch test piece using a 2 mm striker
KUg J Absorbed energy for a U-notch test piece using an 8 mm striker
KV, J Absorbed energy for a V-notch test piece using a 2 mm striker
LE mm Lateral expansion

I mm Length of test piece

T, °C Transition temperature

w mm Width of test piece
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3.34 Code 4.01 Metallic materials — Charpy pendulum impact test — Part 2: Verification of
test machines

3.34.1 Definitions

anvil

portion of the base of the machine forming a vertical plane, which restrains the test piece when it is struck by

the pendul

base

um The plane of supports is perpendicular to the plane of the anvils

that part o
centre of
that point i
body was

NOTE

the framework of the machine Tocated below the horizontal plane of the supports

bercussion

h a body at which, on striking a blow, the percussive action is the same as if the whole-thass of
concentrated at that point

When a simple pendulum delivers a blow along a horizontal line passing through the centre of percuss

there is no fesulting horizontal reaction at the axis of rotation.

centre of
that point
vertical ed
or equivalg

industrial
impact ma
machines
described

reference
pendulum
verification

striker
portion of
radius of 2

test piece
portion of
struck by t

actual abg

total energ
the differe
swing duri

5trike

bn the striking edge of the pendulum at which, in the free hanging position of the pendulum,
ge of the striker meets the upper horizontal plane of a test piece of-half standard height (i.e. 5 m
nt gauge bar resting on the test piece supports

machine

the

the
m)

chines used for industrial, general, or most research laboratory testing of metallic materials. Th¢se

are not used to establish reference values. Industrialbmachines are verified using the procedu
n ISO 148-2.

machine
impact testing machines used to determine-the reference energy of a reference test piece. 1
requirements for this grade of machine are‘more stringent than those for general machines.

he hammer that contacts the test piece. The edge that actually contacts the test piece may hav
mm (the 2 mm striker) or a radius of 8 mm (the 8 mm striker).

supports
the base of the machine forming a horizontal plane upon which the test piece rests prior to be
he hammer. The plan@ of the supports is perpendicular to the plane of the anvils.

orbed energy; absorbed energy, 4,
y required. to~break a test piece when tested by a pendulum impact testing machine. It is equa

[es

'he

ng

to

hce in the potential energy from the starting position of the pendulum to the end of the first half

ng which. the test piece is broken.

actual inifjal.potential energy (potential energy), 4
value determined by direct verification

indicated absorbed energy (indicated energy), Aq
energy value indicated by the pointer or other readout device

nominal indicated potential energy (nominal energy), 4y
energy assigned by the manufacturer of the machine

reference

energy, Ag

absorbed energy value associated with the reference test pieces, determined from tests using reference

machines

28
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reference test pieces

impact test pieces used to verify the suitability of an industrial grade, pendulum impact testing machine by
comparing the indicated energy measured by that machine to the reference energy associated with the test
pieces

gizltg:::e between the notched face and the opposite face
width
dimension perpendicular to the height that is parallel to the notch
length
largest dimension at right angles to the notch
Table 35 — Symbols designated in the International Standards, Code 4.01
Siymbol Unit Meaning
a degree Angle of fall of the pendulum
degree Angle of rise of the pendulum
AN J Nominal initial potential energy (nominal energy)
Ap J Actual initial potential energy (potential energy)
AR J Reference energy of a set of Charpy reference test pieces
Ag J Indicated absorbed energy (indicated.energy)
Ay J Actual absorbed energy (absorbed-energy)
E}, or B, J or degree |Indicated energy or angle_ef rise when the machine is operated in the normpal manner
without a test piece in position and without resetting the indication mechanism
Eg or S, J ordegree |Indicated energy or angle of rise after 11 half swings when the machine is opefated in the
normal manner without a test piece in position and without resetting the indication
mechanism
E} or B, J or degree |Indicated energy or angle of rise when the machine is operated in the normpal manner
without a test piece in position
F N Force exerted by the pendulum when measured at a distance of /,
h m Height of fall of the pendulum
hy m Height of rise of the pendulum
I m Distance to the centre of test piece (centre of striker) from the axis of rotatior (length of
pendulum)
Iy m Distance to the centre of percussion from the axis of rotation
Iy m Distance to the point of application of the force F from the axis of rotation
%% N-m The moment equal to the product Fi,
P J Energy loss caused by pointer friction
Py J Correction of energy losses for an angle of swing g
P J Energy loss caused by bearing friction and air resistance
t s Period of the pendulum
T s Total time for 100 swings of the pendulum
max s Maximum value of T
min Minimum value of T
w N Weight of the pendulum
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3.35 Code 4.01 Metallic materials — Charpy pendulum impact test — Part 3: Preparation and
characterization of Charpy V reference test pieces for verification of test machines

Table 36 — Symbols designated in the International Standards, Code 4.01

Symbol Unit Meaning
Ay J Actual absorbed energy; absorbed energy
Ag J Indicated absorbed energy; indicated energy
Ag J Reference-chergy-ofasetof Gharpyreferencetostpieces
3.36 Code 4.03 — Metallic materials —Determination of the plane-strain fracture toughnhess

3.36.1 Definitions

plane strdin stress intensity factor, X

magnitude

of the elastic stress field at the tip of a crack subjected to opening mode_displacement (mode I).

is a functipn of applied force and test specimen size, and geometry, and has, the-dimensions of force time's

length=3/2,

plane-strdin fracture toughness, K|,

measure,
state of stn

NOTE
plastic defo

crack plane orientation
relating the plane and direction of crack éxtension to the characteristic directions of the product

method fo

mation.

Dy the operational procedure of this method, of a material's resistance to crack extension when
ess near the crack tip is predominantly plane strain and¢plastic deformation is limited

It is the critical value of K| at which significant crack extension occurs on increasing load with high constrain

the

t to

NOTE A hyphenated code is used wherein the letter(s) preceding the hyphen represent(s) the direction normal to|the
crack plang and the letter(s) following the hyphen-represent(s) the anticipated direction of crack extension. For wrought
metals, the Jetter X always denotes the principal direction of grain flow, Z the direction of principal working force, and Y [the
direction ndrmal to the X-Z plane. If specimen’ directions do not coincide with the product's characteristic directions, then
two letters gre used to denote the normal to'the crack plane and/or the expected direction of crack extension. If there i no
grain flow djrection (as in a casting), referéence axes may be arbitrarily assigned but must be clearly identified.
notch opgning displacement;7
displacement measured at ornear the notch mouth
Table 37 — Symbols designated in the International Standards, Code 4.03
Symbol Unit Designation
AKI MPa-m1/2 a Difference hetween maximum and minimum values of I(I during any single cycle of fatigue
operation

a mm Crack length

B mm Specimen thickness

E MPa Young's modulus

F kN Applied force

Fs kN Particular value of F

Fq kN Particular value of F

K; MPa-m'22 | Maximum stress intensity factor during the final stage of fatigue cracking
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Table 37 (continued)

Symbol Unit Designation

K MPa-m'2 | Opening mode stress intensity factor (mode |)
K MPa-m12 Critical value of X, (plane-strain fracture toughness)
Kq MPa-m1/2 Provisional value of X,

R — Ratio of minimum to maximum fatigue cracking force during any single cycle of fatigue

operation

02 MPa 6;2-%offsetproof stremgth

S mm Span between outer loading points

14 mm Notch opening displacement

w mm Width for bend specimen or effective width for compact specimen

a | 0,031 6 MPam'2=1N-mm=2=0,031 6 MN-m3?2

3.37 Code 4.04 Steel — Charpy V-notch pendulum impact test —~ Instrumented test r

3.37.1 Definitions

geperal yield force, Foy

forpe at the transition point from the linearly increasing part to the curved increasing part of
displacement curve

NQTE It represents a first approximation of the force atwhich yielding has occurred across the entire unc

p

mgximum force, F,,
mgximum force in the course of the force-displacement curve

crack initiation force, Fj,
forfe at the beginning of the steep.drop in the force-displacement curve

NQTE It characterizes the/begdinning of unstable crack propagation.

crack arrest force, iy
forfe at the end (arrest) of unstable crack propagation

geheral yield displacement, Sgy

d

di

d

efe ligament.

isplacement corresponding to the general yield force, Fyy

nethod

the force-

racked-test-

1placement at maximum force, s,
l

N 4 H $o Ll H £ bl
ISpracementeorresponaingtomemaxtnum—Torce; 7 m

crack initiation displacement, s;,

d

isplacement at the initiation of unstable crack propagation

crack arrest displacement, s,

d

isplacement at the end (arrest) of unstable crack propagation

total displacement, s,

d

isplacement at the end of the force-displacement curve
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energy at maximum force, W,
partial impact energy from s =0 to s = s,

crack initiation energy, 7,
partial impact energy from s =0 to s = s;,

Table 38 — Symbols designated in the International Standards, Code 4.04

Symbol Unit Designation
fg Hz Output frequency limit
F N Force
F, N Crack arrest force
Fyy N General yield force
Fy, N Crack initiation force
Fa, N Maximum force
2, m/s? Acceleration due to gravity
h m Height of fall of the centre of strike of the pendulum (see ISO 148-2)
KV J Absorbed energy as defined in ISO 148-1
m kg Effective mass of the pendulum corresponding to its effective weight (see ISO 148-2)
K m Displacement
S, m Crack arrest displacement
Sgy m General yield displacement
Siy m Crack initiation displacement
Sm m Displacement at maximum,force
A m Total displacement
t S Time
ty s Time at the beginning of deformation of the test piece
t s Signal rise\time
Vo m/s Initialstriker impact velocity
12 m/s Striker impact velocity at time ¢
w, J Crack arrest energy
W J Crack initiation energy
W J Energy at maximum force
W, J Total impact energy

3.38 Code 4.05 Metallic materials — Unified method of test for the determination of
quasistatic fracture toughness

3.38.1 Definitions

stress intensity factor, K
magnitude of the elastic stress-field singularity for a homogeneous, linear-elastic body

NOTE The stress intensity factor is a function of applied force, crack length, specimen size and specimen geometry.
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crack-tip opening displacement, &
relative displacement of the crack surfaces normal to the original (undeformed) crack plane at the tip of the
fatigue precrack

J-integral
line or surface integral that encloses the crack front from one crack surface to the other and characterizes the
local stress-strain field at the crack tip

J
loading parameter, equivalent to the J-integral, specific values of which, experimentally determined by this
: i it igible crack-tip

stgble crack extension
crgck extension which stops or would stop when the applied displacement is held “Constant|as a test
pragresses under displacement control

unstable crack extension
abfupt crack extension occurring with or without prior stable crack extension

pop-in
abfupt discontinuity in the force versus displacement record, featured-as a sudden increase in digplacement
angd, generally, a decrease in force

>

NQTE 1 Displacement and force subsequently increase beyond theif values at pop-in.

NQTE 2  When conducting tests by this method, pop-ins may r€sult from unstable crack extension in the plane of the
precrack and are to be distinguished from discontinuity indieations arising from: i) delaminations or splits ngrmal to the
prelcrack plane; ii) roller or pin slippage in bend or compact' specimen load trains, respectively; iii) improper seating of
displacement gauges in knife edges; iv) ice cracking in lew:temperature testing; v) electrical interference in th¢ instrument
cirquitry of force and displacement measuring and recording devices.

crjck extension resistance curves (R-curves)
vaffiation in & or J with stable crack extension

Table 39 — Symbols designated in the International Standards, Code 4.05

Symbols Unit Designation

a mm Nominal crack length (for the purposes of fatigue precracking, an assigned |value less
than a,)

as mm Final crack length (a, + Aa)

a mm Instantaneous crack length

an mm Length of machined notch

ag mm Initial crack length

Adt AR Stable-erack-extensienineluding-blunting

Adpax mm Crack extension limit for 6 or J controlled crack extension

B mm Specimen thickness

By mm Specimen net thickness between side grooves

C m/N Specimen elastic compliance

E GPa Modulus of elasticity at the pertinent temperature

F kN Applied force

F kN Applied force at the onset of unstable crack extension or pop-in when « is less than 0,2 mm
offset from the construction line
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Table 39 (continued)

Symbols Unit Designation
F; kN Maximum fatigue precracking force
J MJ/m?2 Experimental equivalent to the J-integral
Je() MJ/m?2 Size-sensitive fracture resistance J at onset of unstable crack extension or pop-in when
stable crack extension is less than 0,2 mm offset from the construction line (B = specimen
thickness in mm)
Jg MJ/m? J at upper limit of J-controlled crack extension
J; MJ/m?2 Fracture J at initiation of stable crack extension
Im(B) MJ/m?2 Size-sensitive fracture resistance J at the first attainment of a maximum force plateau for
fully plastic behaviour (B = specimen thickness in mm)
Jmax MJ/m?2 Limit of J-R material behaviour defined by this method of test
Ju) MJ/m? Size-sensitive fracture resistance J at the onset of unstable crack extension or pop-in when
the event is preceded by stable crack extension equal to or greater thian 0,2 mm offset from
the construction line (B = specimen thickness in mm)
Juc(B) MJ/m?2 Size-sensitive fracture resistance J at the onset of unstable, crack extension or pop-in when
stable crack extension cannot be measured (B = specimenithickness in mm)
J, MJ/m? J uncorrected for stable crack extension
(¢}
Jo2BL MJ/m? Size-insensitive fracture resistance J at 0,2 mm) stable crack extension offset from the
construction line
Jo,28L(8) MJ/m?2 Size-sensitive fracture resistance J at 0,2’mm stable crack extension offset from the
construction line (B = specimen thickness\ifymm)
K MPam Stress intensity factor
K; MPam Maximum value of K during the final stages of fatigue precracking
K MPaym Plane strain fracture toughnéss
Kq MPaym A provisional value of Kj,
q mm Load-point displacement
R, MPa Ultimate tensile'strength perpendicular to crack plane at the test temperature
Rp0,2 MPa 0,2 % offset yield strength perpendicular to crack plane at the test temperature
S mm Span’between outer loading points in a three-point bend test
T °C Testtemperature
U J Area under plot of force F versus specimen load-point displacement ¢ at the load-line
U, J Elastic component of U
U, . Plastic component of U
14 mm Notch opening displacement
Ve mm Elastic component of V
Vo mm Plastic component of V'
w mm Width of test specimen
z mm For bend and straight-notch compact specimens, the initial distance of the notch opening
gauge measurement position from the notched edge of the specimen, either further from the
crack tip or closer to the crack tip (-z); or, for a stepped-notch compact specimen, the initial
distance of the notch opening gauge measurement position either beyond (+z) or before (-z)
the initial load-line.
w mm Width for bend specimen or effective width for compact specimen
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Table 39 (continued)

Symbols Unit Designation
S5 mm Crack-tip opening displacement (CTOD)
Ss(8) mm Size-sensitive fracture resistance ¢ at the onset of unstable crack extension or pop-in when
stable crack extension is less than 0,2 mm crack offset from the construction line
(B = specimen thickness in mm)
8 mm ¢ at the limit of s~controlled crack extension
S mm Fracture resistance ¢ at initiation of stable crack extension
5m(B) mm Size-sensitive fracture resistance ¢ at the first attainment of a maximum foreg)|plateau for
fully plastic behaviour (B = specimen thickness in mm)
max mm Limit of 5—R defined by this method of test
Su(B) mm Size-sensitive fracture resistance ¢ at the onset of unstable crack ‘extension or pop-in when
the vent is preceded by stable crack extension equal to or greater than 0,2 mm |offset from
the construction line (B = specimen thickness in mm)
Ouc(B) mm Size-sensitive fracture resistance ¢ at the onset of unstable-crack extension or pop-in when
stable crack extension cannot be measured (B = specimen thickness in mm)
% mm duncorrected for stable crack extension
D0.2BL mm Size-insensitive fracture resistance Jat 0,2 min crack extension offset from constfuction line
mm ize-sensitive fracture resistance ab ‘0,2 mm stable crack extension g¢ffset from
3b.2BL(5) Si iti fract ist 6 ab"e,2 tabl k extensi ffset f
construction line (B = specimen thickness in mm)
1% 1 Poisson's ratio

text.

NQTE 1  This is not a complete list of parameters. Only the maif_ parameters are given here, other parameters are refe

NQTE 2 The values of all parameters used in calculations'are assumed to be those measured or calculated for the tempg
tedt, unless otherwise specified.

red to in the

rature of the

3.39 Code 5.01 Metals — Axial load fatigue testing

Table 40 — Symbols designated in the International Standards, Code 5.01

Symbol Definition

a Thickness of test section of test pieces of rectangular cross-section

b Width of test pieces of rectangular cross-section where the stress is a maximum

B Width of test pieces of rectangular cross-section at the gripped ends

d. Diameter of the test piece where the stress is a maximum

D Diameter of the gripped ends of the test piece if plain, or overall diameter of the threaded ends

L, Parallel length

r Radius at the ends of the test section which starts the transition from the test diameter d or test
width b to the diameter D or width B of the gripped ends; or the continuous radius between the
gripped ends of the test piece
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3.40 Code 5.01 Metalic materials — Fatigue testing — Axial force controlled method

Table 41 — Symbols designated in the International Standards, Code 5.01

Symbol | Designation Definition

Stress Cycle

o Maximum

max stress The highest algebraic value of stress in the stress cycle.
O Minimum
min The Towest algebraic value of Siress In the stress cycle.
stress
O, Mean stress | Static component of the stress. It is one-half of the algebraic sum of the maximum, strgss
. + O mi
and minimum stress (o, = w)
o, Stress Variable component of stress. It is one-half of the algebraic difference between the
amplitude —Omi
P maximum stress and the minimum stress (o, = w)
N Number of Number of cycles applied at any stage during the test.
cycles
R Stress ratio | Algebraic ratio of the minimum stress to the maximum\stress in one cycle, R = Cmin.
O max
Ac Stress range | o, . — G min

Fatigue Life and Strength

N Fatigue life or Number of stress cycles to failure in:specified condition
endurance
Oy Fatigue

Value of the stress amplitude'at a stated stress ratio under which the specimen would hgve

strength at ¥ a life of N cycles.
cycles
op Fatigue limit |Value of the stress‘amplitude below which a specimen would be expected to endure jan

infinite number of stress cycles with a stated probability @

a Certairr materials do not show a fatigue.limif. Others show only a fatigue limit in certain environments.

Specimenls

d Dijameter of the test piece where the stress is a maximum

L, Parallel length

rb Radius at the ends of the test section which starts the transition from the test diameter djor
test width 5 to the diameter or width of the gripped ends; or the continuous radius betwegen
the gripped ends of the specimen

a Thickness of test section of specimens of rectangular cross-section

b Width of specimens of rectangular cross-section where the stress is a maximum

b This curve need not be a true arc of a circle over the whole of the distance between the end of the test section and the start of the
enlarged end for specimens of the types.
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3.41 Code 5.02 Metals — Rotating bar bending fatigue testing

Table 42 — Symbols designated in the International Standards, Code 5.02

Symbol Definition
d Diameter of the test piece where the stress is a maximum
D Diameter of the gripped or loaded end of the test piece
r Radius at the ends of the test section which starts the transition from the test diameter d

3.42 Code 5.03 Steel —Torsional stress fatigue testing

Table 43 — Symbols designated in the International Standards, Code 5.03

Symbol Definition
d Diameter of the test piece where the stress is a maximum
D Diameter or width across flats of the gripped ends of the test-piece. The value of D may pe different
for each end of the test piece
L, Parallel length of the test piece
r Transition blending radius at the ends of the.test section which starts the transition frpm the test

diameter d to the end diameter D, or the single‘radius between the gripped ends

3.43 Code 5.04 Axial load fatigue machines~—— Dynamic force calibration — Strain gauge
te¢hnique

Table 44 — Symbols designated in the International Standards, Code 5.04

Symbols Definitions
a Thickness of-{est section of a rectangular cross-section
b Width of ‘a_rectangular cross-section where the stress is a maximum
B Width ef a rectangular cross-section at the gripped end
d Diameter of the test piece where the stress is a maximum
D Diameter of the gripped end of the test piece
Fy max Maximum force amplitude of the machine (= 1/2 Fg ,5,)
B Mean force
F i max Maximum mean force of the machine
Fnax Maximum force of the machine
Fg Dynamic force range
FR max Maximum dynamic force range of the machine
I Total length of the electrical resistance strain (ERS) gauges used, i.e. the length of the gauge
backing material
L, Parallel length of the test piece
r Transition radius from the parallel length to the gripped ends
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3.44 Code 5.05 Metallic materials — Fatigue testing — Axial-strain-controlled method

3.44.1 Definitions

stress

instantaneous force divided by the instantaneous cross-sectional area of the gauge length

o=FlA

NOTE

At strain values less than 10 %, the true stress is approximated by the engineering stress, F/A,,.

gauge IenLth

length bet

strain
true total §

E =

ey [~

LO
where L is

NOTE

cycle
smallest s¢

maximum
greatest al

minimum
least algek

mean
one-half of

range
algebraic ¢

amplitud

half the rajmge of a variable

fatigue lif
number N

veen extensometer measurement points

train

dL

L

the instantaneous length of the gauge section

At true strain values less than 10 %, ¢is approximated by the engineering strain, AL/L ..

bgment of the strain-time function that is repeated peftiodically

gebraic value of a variable within one cycle

raic value of a variable within one eyclée

the algebraic sum of the maximum and minimum values of a variable

ifference between th&’maximum and minimum values of a variable

’ Nf
Of cycles that have to be applied to achieve a failure

NOTE

The failure criterion used shall be reported with the results.

hysteresis loop
closed curve of the stress-strain response during one cycle
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Table 45 — Symbols designated in the International Standards, Code 5.05

Symbol Unit Designation
Specimen
L, mm Initial gauge length
L mm Instantaneous gauge length
A, mm?2 Initial gauge section
A mm?2 Instantaneous section with AL =4 L,
A mm? Minimum area at failure
r mm Transition radius (from parallel length into the grip end of the test specimen)
L, mm Total length of specimen
Cylindrical
d mm Diameter of cylindrical gauge section
D mm External diameter of specimen
L, mm Length of reduced section
Flat-sheet
B mm Width of gauge section
t mm Thickness
w mm Width of grip end
Fatigue testing
E GPa Modulus of elasticity
Et GPa Modulus for unloading following, a peak tensile stress
E¢ GPa Modulus for unloading follewing a peak compression stress
M — Number of cycles to failure
t s Time to failure (= V; cycles)
o MPa True stress
— True strain

— Range'of a parameter

R 00,2 MPa 0,2 % proof stress
R, pm Mean surface roughness
R, — Stress ratio ( = 6,/ Gmax)
R, — Strain ratio ( = &,;1/émax)
é 51 Strain rate
EXpression-of results
o MPa Cyclic yield strength @
— VIONOtonIC strain naraening exponerit
n' — Cyclic strain hardening exponent
K MPa Monotonic strength coefficient
K’ MPa Cyclic strength coefficient
o, MPa Fatigue strength
b — Fatigue strength exponent
€, — Fatigue ductility coefficient
c — Fatigue ductility exponent

2@ 0,2 % offset is typically used.
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3.45 Code 5.06 Metallic materials — Fatigue testing — Statistical planning and analysis of

data

3.45.1 Definitions

confidence level
value 1 — « of the probability associated with an interval of statistical tolerance

degree of

freedom

number calculated by subtracting, from the total number of items of test data, the number of parameters

estimated from the data

distributign function

function giying, for every value x, the probability that the random variable X is less than or equal tox
estimation

operation nade for the purpose of assigning, from the values observed in a sample, numerical values to

parameter

populatio
totality of i

5 of a distribution from which this sample has been taken

N
ndividual materials or items under consideration

random variable

variable th

sample
one or mo

size, n
number of

standard
positive sq

fatigue st
value of st

specimen
portion or|
predeterm

stress lev
intensity o

EXAMPLE

at may take any value of a specified set of values

e items taken from a population and intended to provide information on the population

items in a population, lot, sample, etc.

Heviation, o
uare root of the mean squared deviation from the arithmetic mean

ength
ress level S, expressed in megapascals, at which a specimen would fail at a given fatigue life
piece of material to-be used for a single test determination and normally prepared in

ned shape and in-predetermined dimensions

pl, S
the stress.under the conditions of control in the test

Amplitude, maximum, range.

the

stress step, d

difference between neighbouring stress levels, expressed in megapascals, when conducting the test by the
staircase method

3.46 Code 5.07 Metallic materials — Fatigue testing — Fatigue crack growth method

3.46.1 Definitions

crack length, «
linear measure of a principal planar dimension of a crack from a reference plane to the crack tip, also called

crack size

40
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cycle, N
smallest segment of a force-time or stress-time function which is repeated periodically

NOTE The terms fatigue cycle, force cycle and stress cycle are used interchangeably. The letter is used to represent
the number of elapsed force cycles.

fatigue crack growth rate, da/dN
extension in crack length per force cycle

maximum force, F .,

for havina-thao hicdheact alacheaievaluain tha ovcla: o tancila faran hatna Aot and oo ;S|Ve force

PCTavig e g o argoorarc v araC Tt Oy oroTotCTonmcTorcC—oTmyg—poottrvycarta & \J\Jlllr.ll\.l

being negative

mipimum force, F,;,
forpe having the lowest algebraic value in the cycle; a tensile force being positive and\a-compressive force
being negative

forlce range, AF

algebraic difference between the maximum and minimum forces in a cycle
AF = Fmax - Fmin

follce ratio, R

algebraic ratio of the minimum force or stress to maximum force or/stress in a cycle

NQTE It is also called stress ratio.

stness intensity factor, K
m4dgnitude of the ideal crack tip stress field forfiithe opening mode force application to a ¢rack in a
homogeneous, linear-elastically stressed body whéete opening mode of a crack corresponds to the florce being
applied to the body perpendicular to the crack-faces only (mode | stress condition)

mgximum stress intensity factor, K,

highest algebraic value of the stress intensity factor in a cycle, corresponding to F, .,

mipimum stress intensity factor, K,

lowest algebraic value of the stress intensity factor in a cycle, corresponding to F

NQTE This definitien.remains the same, regardless of the minimum force being tensile or compregsive. For a
negative force ratio (R<0) there is an alternate, commonly used definition for the minimum stress intensity factof, K, = 0.

stress intensityfactor range, AK
aldebraic difference between the maximum and minimum stress intensity factors in a cycle

AK= Kax = Kmin

NOTE The force variables AK, R and K, are related as follows: AK =(1-R)K,,.... For a negative force ratio (R<0)

there is an alternative, commonly used definition for the stress intensity factor range, AK = K| ...

fatigue crack growth threshold, AKy,
asymptotic value of AK for which da/dN approaches zero

NOTE For most materials, the threshold is defined as the stress intensity factor range corresponding to 10-8
mm/cycle. When reporting AK,,, the corresponding lowest decade of da/dN data used in its determination should also be
included.
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normalized K—gradient

c=(1

/ KYIK I da

fractional rate of change of K with increased crack length, a

C =1/ K(dK /da) =1/ K pyax (K mmax / da) = 1/ K pyin (4K i / daz) = 1/ AK (dAK / dar)

K-decreasing test
test in which the value of the normalized K-gradient, C, is negative

NOTE

A K-decreasing test is conducted by reducing the stress intensity factor either by continuously shedding. o

a series of gteps, as the crack grows.

K-increasing test

test in whi

NOTE
positive ang

increasing.

th the value of C is positive

For standard specimens, a constant force amplitude results in a K-increasing test where the value of

stress inténsity factor function, g(a/W)

mathemati

intensity fgdctor to force and crack length for a specific specimen configuration

Table 46 — Symbols designated in the International Standards, Code 5.07

by

cal expression, based on experimental, numerical or analytical results, that relates the strg¢ss

Symbols Unit Designation
Loading

C mm~? Normalized K-gradient

E MPa Tensile modulus of elasticity

F kN Force
Fax kN Maximum force
Foin kN Minimum force

AF kN Force range

K MPa-m'2 | Stress intensity factor
Kpnax MPa-m'2 | Maxitum stress intensity factor
Koin MPa-m'2  LMinimum stress intensity factor

AK MPa-m'2_{[Stress intensity factor range

AK, MPa-m/2 " |Initial stress intensity factor range
AKy, MPam'2 [ Threshold stress intensity factor range

N 1 Number of cycles

R 1 Force ratio or stress ratio

R, MPa Ultimate tensile strength at the test temperature
Roo,2 MPa 0,2 % proof strength at the test temperature

Geometry

a mm Crack length or size measured from the reference plane to the crack tip
Aeor mm Crack front curvature correction length

Agat mm Fatigue crack length measured from the notch root
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Symbols Unit Designation
a, mm Machined notch length
a, mm Precrack length
B mm Specimen thickness
D mm Hole diameter for CT, SENT or CCT specimen, loading tup diameter for bend specimens
glalw) 1 Stress intensity factor function
h mm Notch height
w mm Specimen width, distance from reference plane to edge of specimen
W -a) mm Minimum uncracked ligament
Crack growth
Ha/dN mm/cycle Fatigue crack growth rate
Aa mm Change in crack length, crack extension

4 | Concordance of Keywords Scope

Certain words or phrases in use in International Standards and-appearing in 3.1 to 3.46 of this dogument are
listed in Table 47. The standards in which these keywords:appear are identified by the codes included in
Taple 1.
Table 47 — Concordance of keywords

Keywords Code Numbers
abisorbed energy 4.01
adiabatic heating 1.09
actual absorbed energy 4.01
actual initial potential energy 4.01
anmplitude 5.05
anyil 4.01
axjal strain 1.09
base 4.01
beinding 2.01,5.01
beinding ‘strain 1.09
calibration 1.05
centre of percussion 4.01
centre of strike 4.01
confidence level 5.06
crack arrest displacement 4.04
crack arrest force 4.04
crack extension resistance curves (R-curves) 4.05
crack initiation displacement 4.04
crack initiation energy 4.04
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Table 47 (continued)

Keywords Code Numbers
crack initiation force 4.04
crack length 5.07
crack-tip opening displacement 4.05
crack plane orientation 4.03
creep rupture time 1.01
cross-sectipnal area after rupture 1.01
cycle 5.05,5.07
dewar 1.09
degree of freedom 5.06
discontinuqus yielding strength (R;) 1.09
displacemgnt at maximum force 4.04
distribution|function 5.06
elongation 1.01, 1.03, 1.04, 1.08
energy at rhaximum force 4.04
estimation 5.06
extension 1.03, 1.04, 1,08
extensomefter gauge length 1.01, 1:08,1.04, 1.08
fatigue life,| V; 5.08
fatigue cragk growth rate 5.07
fatigue cragk growth threshold 5.07
fatigue strgngth 5.06
final gauge length 1.03, 1.04, 1.08
final gauge length after rupture 1.01
final referepce length 1.01
force rangs 5.07
force ratio 5.07
gauge length 1.03, 1.04, 1.08, 5.05
general yield displacement 4.04
general yield force 4.04
height 4.01
hysteresis loop 5.05
indicated absorbed energy 4.01
indicated energy 4.01
industrial machine 4.01
initial stress 1.01
J 4.05
J-integral 4.05
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Table 47 (continued)

Keywords Code Numbers
K-decreasing test 5.07
K-increasing test 5.07
length 4.01
lower yield strength 1.03, 1.04, 1.08
maximum 5.05
m+ximum capacity 1.02, 1.05, 1.06
m+ximum force 1.03, 1.04, 1.08, 4.04, 5.07
meliximum stress intensity factor 5.07
mean 5.05
mipimum 5.05
mipimum force 5.07
mipimum stress intensity factor 5.07
miiltiple machine 1.01
ngminal energy 4.01
ngminal indicated potential energy 4.01
ngrmalized K—gradient 5.07
original-cross-sectional area 1+.01
original gauge length 1.01, 1.03, 1.08
original reference length 1.01
parallel length 1.01, 1.03, 1.04, 1.08
percentage creep elongation 1.01
percentage elongation 1.03, 1.04, 1.08
percentage permanent elongation 1.03, 1.04, 1.08
percentage permanent extension 1.08
percentage elongation after, fracture 1.03, 1.04, 1.08
percentage elongation-at maximum force 1.04
percentage total elongation at fracture 1.03, 1.04, 1.08
percentagesreduction of area 1.03, 1.04, 1.08
percentage elongation after creep rupture 1.01
percéntage permanent extension 1.04, 1.08
percentage reduction of area after creep rupture 1.01
percentage yield point extension 1.04
permanent set strength 1.04
plane strain fracture toughness 4.03
plane strain stress intensity factor 4.03
plastic strain ratio 2.14
pop-in 4.05
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Table 47 (continued)

Keywords Code Numbers
population 5.06
potential energy 4.01
proof strength, non-proportional extension 1.03, 1.04, 1.08
proof strength, total extension 1.04
random variable 5.06
range 5.05
reference gnergy 4.01
reference Iength 1.01
reference rhachine 4.01
reference tpst pieces 4.01
sample 5.06
simple maghine 1.01
size 5.06
specimen 5.06
stable crack extension 4.05
standard dgviation 5.06
strain 5.05
stress 1.03;1.04, 1.08, 5.05
stress interrsity factor 4.05, 5.07
stress inte+sity factor range 5.07
stress intertsity factor function 5.07
stress leve 5.06
stress step) 5.06
striker 4.01
tensile crygstat 1.09
tensile strepgth 1.03, 1.04, 1.08
test piece 4.01
total displapement 4.04
upper yield strength 1.03, 1.04, 1.08
unstable crfack.extension 4.05
width 4.01
yield strength 1.03, 1.04, 1.08
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5 Alphabetical listing of symbols

All the symbols listed in Tables 2 to 45 are given in Table 48. They are listed in a coherent alphabetical order
against both the Code that identifies the International Standard and (Final) Draft International Standard in
which they appear and the designation that they are given in that standard.

Table 48 — Alphabetical listing of all symbols in use

Symbols Code Designation
4 463404 fo—*
1.08’, 1_09' Percentage elongation after fracture: —4——2x100
o
A 5.05 Instantaneous section with AL =4 L
Ag 1.04 Percentage yield point extension
Ay 1.01 Percentage creep elongation
Ay 5.05 Minimum area at failure
Ag, 1.01 Percentage elongation after creep rupture
Ag 1.04 Percentage non-proportional elongation at maximumforce 7,
Agt 1.04 Percentage total elongation at maximum forcg
AN 4.01 Nominal initial potential energy; nominal energy
Ap 4.01 Actual initial potential energy, potential’eénergy
4, (he) 3.06 Projected area of contact of the indenter at distance /4 from the tip
Ay 5.05 Initial gauge section
AR 4.01 Reference energy of a set'of Charpy reference test pieces
Ag 4.01 Indicated absorbed.energy (indicated energy)
Ag (h) 3.06 Surface area of the-indenter at distance 4 from the tip
Ay 1-0:13’018-04’ Percentage total elongation at fracture
Ay 2.18 Specified total circumferential strain
Ay 4.01 Actual absorbed energy (absorbed energy)
a 1.03 Thickness of a flat test piece or wall thickness of a tube (The symbol T is also uged for this
parameter in standards for steel tubes)
a 1.04 Thickness of a flat test piece or wall thickness of a tube
a 1.05 Relative resolution of the force indicator of the testing machine
a 1.06 Relative discrimination threshold
a 1.08 Thickness of a flat test piece or wall thickness of a tube
a 2.01 Thickness or diameter of test piece (or diameter of the inscribed circle for pieces of
polygonal cross-section)
a 2.02, 2.06,
2.16, 2.17, | Thickness of test piece
2.19, 4.01
a 2.04 Minimum thickness of wire of non-circular section capable of being held between parallel
grips
a 38; g?g Wall thickness of the tube (The symbol T is also used for this parameter in standards for
' 2j1 1‘ " | steel tubes)
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Table 48 (continued)

Symbols Code Designation
a 2.18 Measured tube test ring thickness (The symbol T is also used for this parameter in
standards for steel tubes)
a 4.03 Crack length
a 4.05 Nominal crack length (for the purposes of fatigue precracking, an assigned value less
than a,)
a 5.04 Thickness of test section of test pieces of rectangular cross-section
a 5.07 Crack length or size measured from the reference plane to the crack tip
a 5.01 Thickness of test section of specimens of rectangular cross-section
Aeor 5.07 Crack front curvature correction length
ay 4.05 Final crack length (a, + Aa)
Agat 5.07 Fatigue crack length measured from the notch root
a; 4.05 Instantaneous crack length
a, 4.05 Length of machined notch
a, 5.07 Machined notch length
ay, 5.07 Precrack length
a, 4.05 Initial crack length
as 219 Thickness after forming the part
B 4.03, 4.05 |Specimen thickness
5.01, 5.04 | Width of a rectangular cross-section at the gripped ends
5.05 Width of gauge section
5.07 Specimen thickness
By 4.05 Specimen net thicknes$.between side grooves
b 1.01 Width of the cress-section of the parallel length of a test piece of square or rectangular
cross-section
b 1.02 Relative reproducibility error with rotation
b 1.03, 1.04 | Width-of-the parallel length of a flat test piece or average width of the longitudinal strip taken
from\a-tube or width of flat wire
b 1.05 Relative repeatability error of the force-measuring system of the testing machine
b 1.06 Relative repeatability error of the testing machine
b 1,08 Width of the parallel length of a flat test piece or average width of the longitudinal strip taken
from a tube or width of flat wire
b 2.01,4.01 | Width of test piece
b 2.06 Width or diameter of the test piece
b 2.08 Inside width of flattened test piece
b 2.14 Gauge width of the test piece after straining to a specified elongation
b 5.01 Width of test pieces of rectangular cross-section where the stress is a maximum
b 5.04 The width of a rectangular cross-section where the stress is a maximum
b 5.05 Fatigue strength exponent
b' 1.02 Relative repeatability without rotation
by 2.14 Original gauge width of the test piece
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Table 48 (continued)

Symbols Code Designation
C 4.05 Specimen elastic compliance
C 5.07 Normalized K-gradient
Cr 3.06 Indentation creep
c 3.01 Indenter constant relating projected area of the indentation to the square of the length of the
long diagonal
T 565 Fatigueductitity exporrent
d 1.01 Diameter of the cross-section of the parallel length of a cylindrical test piece
D 1.03, 1.04 |External diameter of a tube
D 2.01 Diameter of mandrel
D 2.03 Characteristic dimension for non-circular wires
D 2.07,2.08 |Outside diameter of the tube
D 2.09, 2.10, |Original outside diameter of the tube
2.1
d 2.03,2.04, Diameter of a round wire
2.13
D 3.02 Diameter of the ball
D 5.01 Diameter of the gripped ends of thefest piece if plain, or overall diameter of the threaded
ends
D 5.02, 5.04 |Diameter of the gripped or loaded end of the test piece
D 5.03 The diameter or width acr@ss flats of the gripped ends of the test piece. The value of D may
be different for each end-of the test piece
D 5.05 External diameter of 'specimen
d 1.03, 1.04 |Diameter of thé.parallel length of a circular test piece or diameter of round wird or internal
diameter of a.tube
d 1.06 Discrimination threshold
1.08, 1.09 | Diameter of the parallel length of a cylindrical test piece or diameter of a circular wire
d 2.18 Measured outside diameter of the tube test ring. The symbol T is also used in steel tube
standards
d 3.02 Mean diameter of the indentation (d = %]
d 3.03 Arithmetic mean of the two diagonals of length d; and d,
) 5.05 Diameter of cylindrical gauge section
D 507 Holediameterfor CT-SEM
d 3.01 Length, in millimetres, of the long diagonal
d 5.01,5.02, [Diameter of the test piece where the stress is a maximum
5.03, 5.04
Dy max 2.1 Maximum diameter of the conical mandrel
Dy min 2.11 Minimum diameter of the conical mandrel
D, 2.09 Maximum outside diameter after testing
D, 2.10 Maximum outside diameter of the flange
D, 2.11 Maximum outside diameter of the expanded part of the test piece
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Table 48 (continued)

Symbols Code Designation
da/dN 5.07 Fatigue crack growth rate
dy, 2.16 Diameter of the circular blank
dg 2.04 Diameter of guide hole
d, 1.06 Discrimination threshold corresponding to 20 % of the maximum force range (F))
d, 2.06 Diameter of the spherical end of the punch
d, 2.16 Diameter of punch
dy, d, 3.02 Indentation diameters measured at 90°
d, 2.06 Bore diameter of the die
d, 2.16 Inside diameter of die
dy 2.06 Bore diameter of the blank holder
d, 2.06 Outside diameter of the die
ds 2.06 Outside diameter of the blank holder
E 1.04 Modulus of elasticity
E 4.03 Young's modulus
E 4.05 Modulus of elasticity at the pertinent temperature
E 5.05 Modulus of elasticity, in gigapascals (GPa)
E 5.07 Tensile modulus of elasticity
Ec 5.05 Modulus for unloading following a peak compression stress, in gigapascals (GPa)
Eq 3.06 Indentation modules
E hax 1.07 Maximum limit of calibration range
E i 1.07 Minimum limit of calibration range
E; 5.05 Modulus for unloading following a peak tensile stress, in gigapascals (GPa)
E, 4.01 Indicated energy or angle of rise when the machine is operated in the normal manmer
without a testpiece in position
E, 4.01 Indicated)energy or angle of rise when the machine is operated in the normal manner
withoub'a test piece in position and without resetting the indication mechanism
Eq 4.01 Indicated energy or angle of rise after 11 half swings when the machine is operated in the
normal manner without a test piece in position and without resetting the indication
mechanism
ey 2.17:2.19 | Major strain
ey 217 Minor strain (90° to major)
e, 215 Mimor-straim, $0°to the directionmof Tajor strain
eq 219 Thickness strain
F 1.05 True force indicated by the force-proving instrument with increasing test force
F 1.06 True load indicated by the force proving instrument
F 2.15 Instantaneous force applied to test piece
F 3.01, 3.02
3.03. 3.06 Test force
F 3.04 Total test force
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Table 48 (continued)

Symbols Code Designation
F 4.01 Force exerted by the pendulum when measured at a distance of /,
F 4.03, 4.05 |[Applied force
F 4.04,5.07 |Force
FA 4.01 Shear-fracture appearance
F, 4.04 Crack arrest force
Fy max 5.04 Maximum force amplitude of the machine (=1/2 Fg max.)
F, 1.05 True force indicated by the force-proving instrument with increasing Aiest forfe, for the
complementary series of measurements for the smallest range which is. used
F, 4.05 Applied force at the onset of unstable crack extension or pop-in when.« is less than 0,2 mm
offset from the construction line
F; 1.02 Maximum capacity of the transducer
F; 4.05 Maximum fatigue precracking force
Fyy 4.04 General yield force
ic 1.05 Force reading on the force indicator of the testing machine to be verified, with incfeasing test
force, for the complementary series of measuréments for the smallest range which is used
Fi, 1.05 Residual indication of the force indicatof\of the testing machine to be verified affer removal
of force
F, 4.04 Crack initiation force
Fifmax Fimin 1.05 Highest or lowest value of F; or'# for the same discrete force
Fmax’ Fmin
F, 1.06 Load applied by the testing machine to be verified
— for deadweijght machines: F;, = mg
— for lever-type machines: F; = mgR
— forjockey weight machines, the value of F; is indicated on the scale of the machine
FLC 2.17,2.19 |Forming-Limit Curve
FLD 2.17,2.19 JForming-limit diagram
F 1.03, 1.047/| Maximum force
1.08,-1:09,
4:04
Fy 1.06 Force exerted by the masses on the scale pan of the machine
F 5.04 The mean force
Fe Dy 5.04 The maximum mean force of the machine
Frax T.05 Highest value of F for the same discrete force
Fnax 1.06 Highest value of F for the same discrete load
Fax 3.06 Maximum test force
Fax 5.04 The maximum force of the machine
Fax 5.07 Maximum force
Frin 1.05, 1.06 |Lowest value of F for the same discrete load
Fiin 5.07 Minimum force
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