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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Metallic materials — Method of test for the determination
of quasistatic fracture toughness of welds

1 Scope

This document spec1f1es methods for determlnmg fracture toughness in terms of stress intensity factor
(K), ¢ : : egral for welds
in metalhc materials (])

Thisdocument complements ISO 12135, which covers all aspects of fracture toughness testing of parent
metdl and which needs to be used in conjunction with this document. This documient describes methods
for determining point values of fracture toughness. It should not be considered away of obtafining a valid
R-curve (resistance-to-crack-extension curve). However, the specimen preparation methods described
in thiis document could be usefully employed when determining R-curyés for welds. The methods use
fatighie precracked specimens which have been notched, after welding,<h a specific target area in the
weld| Methods are described to evaluate the suitability of a weld for-notch placement within the target
areawhich is either within the weld metal or within the weld heat:affected zone (HAZ), and|then, where
apprppriate, to evaluate the effectiveness of the fatigue crack ithsampling these areas.

2 Normative references

The following documents are referred to in the text'in such a way that some or all of their content
constitutes requirements of this document. Fornzdated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmenpts) applies.

ISO 12135:2016, Metallic materials — Unified method of test for the determination of quasistptic fracture
toughness

3 Terms and definitions
For the purposes of this documient, the terms and definitions given in ISO 12135 and the follpwing apply.

ISO gnd IEC maintainterminological databases for use in standardization at the following gddresses:

— IEC Electropedia: available at http://www.electropedia.org/

— SO Onlirte browsing platform: available at https://www.iso.org/obp

31
strefch-zone width
SZW
increase in crack length associated with crack tip blunting, i.e. prior to the onset of unstable crack
extension, pop-in ( 3.3) or slow stable crack extension, and occurring in the same plane as the fatigue
precrack

3.2
target area
intended fatigue crack tip position within the weld metal (3.7) or HAZ (3.9)

3.3

pop-in

abrupt discontinuity in the force versus displacement record, featured as a sudden increase in
displacement and, generally, a sudden decrease in force, subsequent to which displacement and force
increase to above their values at the initiation of the discontinuity

© ISO 2018 - All rights reserved 1
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3.4

local compression

controlled compression applied to specimens in the thickness direction on the unnotched ligament
prior to fatigue cracking using hardened steel platens

Note 1 to entry: See Annex C.

3.5

welding

operation in which two or more parts are united by means of heat, friction, pressure or all three of
these, in such a way that there is continuity in the nature of the metal between these parts

Note 1 to entry: Filler metal, the melting temperature of which is of the same order as that of the parentipetal,
may or may rjot be used.

3.6
weld
union of pietes of metal made by welding (3.5)

3.7
weld metal
all metal melted during the making of a weld (3.6) and retained in the weld

3.8
parent metpl
metal to be Joined by welding (3.5)

3.9
heat-affected zone
HAZ
zone in the parent metal that is metallurgically affected by the heat of welding (3.5)

3.10
fusion line
FL
junction betiween the weld metal (3.7) and.the parent metal (3.8) heat-affected zone

3.11
weld positipnal
WP
target positjon for the fatiguecrack tip, defined with respect to a reference line

Note 1 to entty: See Figure'A.1 for examples.

3.12
specific mi¢rostructure
SM

' 4o b £ 4] s |
target microstructurefortnetatiguecracktip

Note 1 to entry: See Figure A.2 for examples.

3.13
specimen blank
specimen prepared from weld metal (3.7) plus parent metal (3.8) prior to notching

3.14

post-weld heat treatment

heat treatment applied after welding (3.5) for the purpose of reducing residual stresses or modifying
weld (3.6) properties

2 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=99c2cbf64921c48332bc42c62f9300c9

ISO 15653:2018(E)

4 Symbols and units

For the purposes of this document, the symbols and units given in Table 1 apply in addition to those in
1SO 12135.

Table 1 — Symbols and units

Symbol Unit Designation

di, d2 mm  |Lengths of microstructural features associated with pop-in.

h mm  |Effective weld width, defined as shortest distance between fatigue crack tip and
weld fusion line within the central 75 04 of the thickness (cnn F‘iguggs 13 and M)

HV1 Vickers hardness using 10 kg force.

N Normal to welding direction.

P Parallel to welding direction.

Q Weld thickness direction.

Rp0,2b MPa |0,2 % offset yield strength of parent metal at the temperature of the fradqture test.

Rpo,dw MPa 0,2 % offsetyield strength of weld metal at the temperature of the fractyre test.

Rmb MPa |Tensile strength of parent metal at the temperature of the fracture test.

Rmw MPa |Tensile strength of weld metal at the temperature of the fracture test.

51 mm |Distance between crack tip and target areauneasured in the crack plane
(see Figure 12).

52 mm  |Distance between crack tip and target’area measured perpendicular to the
crack plane (see Figure 12).

4 mm  |Crack mouth opening displacement at notch edge in bend specimen and that at
load line in compact specimen.

Vg mm  |Displacement measuredby clip gauge mounted on knife edges.

Vg1 mm  |Displacement measured with the double clip gauge arrangement describled
in E.3 and illustrated in Figure E.1.

Vg2 mm  |Displacementmeasured with the double clip gauge arrangement described
in E.3 and,illustrated in Figure E.1.

X Directionparallel to primary grain flow of parent metal.

Y Direction transverse to primary grain flow and to thickness of parent metal.

Z Direction through thickness of parent metal.

Aapgp mmC~tMaximum length of brittle crack extension (beyond SZW; see 3.1) associated with
pop-in.

A mm  |Length of specific microstructure measured in pre-test or post-test metgllography
(see Figure B.2).

5 Principle

This document specifies procedures for the determination of fracture toughness on notched-plus-
fatigue-cracked specimens taken from welds. It pertains to situations where the fatigue crack tip is

a) located in relation to a weld feature of interest, referred to as “weld positional” (WP), and
b) specifically located within a microstructure of interest, referred to as “specific microstructure” (SM).

Metallographic examination of the weld is used to confirm that the target weld feature and/or
microstructure is indeed present at the crack tip and in sufficient quantity for testing.

Specimen geometry and notch orientation are chosen, and a fatigue crack then extended from the
specimen's notch tip into the target weld feature or microstructure by applying a controlled alternating
force to the specimen. The purpose of the test is to determine weld fracture toughness in the absence
of significant residual welding stresses. To achieve this and to produce a straight-fronted fatigue crack,

© ISO 2018 - All rights reserved 3
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modifications to the fatigue precracking procedure may be required. These modifications are usually
necessary when testing as-welded or partially stress-relieved welds.

The fracture toughness test is performed and evaluated in accordance with ISO 12135, but subject to
additional requirements of this test method regarding post-test analysis (see 12.2.1, 12.2.2 and 12.2.3)
and qualification (see 12.3).

Post-test metallography is often required to make certain that the crack tip was located in the target

weld feature and/or microstructure and to determine the significance of pop-ins.

The sequence of operations is summarized in Figure 1.

6 Choice

6.1 Class

A specimen
respecttoa

A specimen
microstruct
thickness.

NOTE Sq

WP weld m
misleading

welds. For t
respectively

of specimen design, specimen orientation and notch location

ification of target area for notching

selected for weld positional (WP) testing is intended to test a defined ‘weld region
reference position (e.g. the weld metal centreline).

selected for specific microstructure (SM) testing is intended to sample a sp
ure along the whole or part of the crack front length within the central 75 % of the spec

me examples of WP and SM notch locations are given in Anniex A.

etal centreline notch locations sampling predominantly grain-refined regions may
overly high) values of fracture toughness for misaligned two-pass and parallel multi

' be used.

6.2 Specimen design

Specimen d
[SO 12135 4

(see Figures
referred to 4

esign shall be of compact or\.single-edge-notched bend configuration as defing
nd may be plain-sided or side-grooved. Bend specimens notched into the plate thicl
| 2, 3 and 4, parent metal specimens XY and YX and weld metal specimens NP and PN
s through-thickness nofched specimens, while those notched into the planar surface

plate (see Figures 2, 3 and 4, parent-metal specimens XZ and YZ and weld metal specimens NQ and

are referred

NOTE
(see 8.1).

Td

Test specim
metal adjacq

to as surface-notched specimens.

lerances on weld specimen dimensions are less stringent than those for testing parent

ens shallhave the dimension B or W (see Figure 5) equal to the full thickness of the p
ent to\the weld to be tested (excluding weld overfill).

Testing of s

with
beific

imen

give
pass

hese welds, it is recommended that the SM naoteh locations shown in Figures A.2 d) and e),

d in
(ness

) are
f the

| PQ)

metal

hrent

ub-sized (i.e. B or W < full thickness in directions Q for weld and Z for parent me

al in

Figures 2, 3 and 4) and/or side-grooved specimens is permitted, but shall be properly identified as such
in the test report. Results from sub-sized and/or side-grooved specimens may differ from those from
full-thickness specimens owing to size effects and/or different microstructural regions being tested.

6.3 Speci

men and crack plane orientation

Specimen and crack plane orientation relative to the weld and parent metal working directions shall be
defined using the identification system described in Figures 2, 3 and 4.
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and geometry
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Weld positional, WP

Specific
microstructure, SM

!
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Choose Annex C
procedures

|

Prepare blank

v

Mark notch location

Y

Notch

Modify
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specimen
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v

Measure specimen
dimensions
and crack length

Post-text
metallography,

Can SM be
tested?

Pop-in (WP or SM)

1

No metallography

Metallography

Metallography

*

No

\

|

Y

Assess pop-in
significance

Evaluate result A

1

Report

Figure 1 — Flow chart for testing
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-/
DXy

a) Parent metal

b) Weld metal
Key

[EEN

rolling direction

N normal tp weld direction
P parallel fo weld direction
Q weld thi¢kness direction

NOTE 1 TIe first letter in the designation is the direction normal to the crack plane.

NOTE 2  The second letter inthe-designation is the expected direction of crack propagation.

NOTE 3  Sge ISO 3785 for thé definitions of X, Y and Z.

Figure 2 — Crack plane orientation codes for fracture toughness
specimens of parent metal and weld metal

As shown in Figure 2, specimen orientations NP and PN shall be referred to as through-thickness
notched, while specimen orientations NQ and PQ shall be referred to as surface-notched.
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1 X 2 1 Y 2
Sy 7 S 7
/R /R
I I/r\/}( L/ I ER\N/ S Y
3 <
a) Typical butt weld
Z 5
F
B =R
b) Cruciform joint
Key
1 HAZ
2 yeld
3 yveld specimen orientation NP/XY
4 yeld specimen orientation NP/YX
5  through-crack NP/ZX or NP/ZY
X  1olling direction
Q weld thickness direction
NOTH For tests of\the HAZ, where the rolling direction of the parent metal may affect resistance to crack
exter]sion, the weld2arid parent metal orientations may be combined to give both the weld dire¢tion and the
parent metal rolling' direction as shown in this figure and Figure 4.
Figure 3 — Crack plane orientation code for fracture toughness specimens
for testing the HAZ of a typical butt weld and cruciform joint
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Key
1 rollingd
NOTE Fd

extension, th|
parent metal

ler |

7 Pre-m

a) Typical butt weld

I7 A

b) Angled cruciform joint

rection

r tests of the HAZ, where the rolling direction of the parent metal may affect resistance to
e weld and parent metal orientations may be combined to give both the weld direction an
rolling direction as shown.in this figure and Figure 3.

igure 4 — Crack plane orientation codes for fracture toughness specimens
for testing the’HAZ at an angle, q, to the parent metal rolling direction
fora typical butt weld and angled cruciform joint

achining metallography

crack
d the

7.1 Microstructural assessment of macrosections

When the notch target area is defined as SM, either separate macrosections or the ends of the welds
shall be prepared with the plane of the section perpendicular to the welding direction. These transverse
weld sections shall bound the length of weld to be tested to ensure that the target microstructure is
present at the expected crack tip position and in sufficient quantity for testing. The macrosections
shall be polished, etched and examined at a magnification suitable to identify the target area prior to
specimen manufacture. Where separate macrosections are prepared, their positions along the weld
shall be recorded.

Examination of the macrosections shall be used to establish that

a) inathrough-thickness notched specimen, the intended crack tip is likely to reside in the target area
within the central 75 % of the thickness, and

© ISO 2018 - All rights reserved
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b) in asurface-notched specimen, the intended crack tip is no more than 0,5 mm from the target area.
If the desired microstructure is not present, there is insufficient quantity to test, or the crack tip
position tolerances cannot be achieved, the weld shall be rejected as unsuitable for testing to the SM
criteria. In this case, a new target area may be selected or a new weld prepared. If the bend specimen is
to be employed and the specific microstructure is available in sufficient quantity to test, but the crack
tip position tolerances cannot be achieved, the shallow-notched specimen testing procedures described
in Annex E may be used by agreement between the parties involved.

Owing to the lower crack tip constraint associated with a shallow notch, the fracture toughness value
determined from a shallow-notched specimen (0,10 < a,/W < 0,45) may be higher than that obtained from

asta
of th

7.2

Whe
be ¢
micr

The

form
thick
shall

Whe
targg

If it
crite
shall

8

8.1

Spec
be st
notcl

Com
shall
conf

NOTH

< A | ol ol H o 4L LIAL o700 € +lo | H 4 4 TL
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s potential difference shall be considered when a shallow-notched specimen is to be,use

Additional requirements for heat-affected zone tests

h the target area is SM in the HAZ, microstructural examinations additienal to thosg
bnducted on the polished and etched macrosection to determine whether or no
bstructure is within the central 75 % of the thickness and in sufficient.quantity for a sug

measured positions and lengths of the target microstructure may optionally be prese|

(an example is shown in Annex B). If such a map is drawngit shall include the full m
ness, showing the positions of the target microstructure~Fhe percentage of target mig
be calculated over the central 75 % of the specimen thickness.

e surface-notched specimens are selected, the macrosection shall be used to confi
t microstructure is present within the range 0,45<’a,/W < 0,70.

s considered unlikely that the fatigue crack:tip is placed in accordance with the SM
Fia, then consideration shall be given to revising the target area, preparing a new we
pw-notched specimen as described in ZL.

Machining

Tolerances on specimen dimensions

men blanks shall be(midchined from the product so that the target area identified foy
ccessfully notched:Blanks shall be machined to the dimensional tolerances defined
ning.

bact specimens shall meet the dimensional requirements of ISO 12135. Standard ben
conform. to Figure 5. Shallow-notched bend specimens (see 7.1, 7.2 and Annex E) sH
rm to_Eigure 5, except that the relative crack length shall be in the range 0,10 < ao,/W

1~ The dimensional tolerances in Figure 5 for the standard single-edge-notched bend {

significance
d.

in 7.1 shall
L the target
cessful test.

nted in map
acrosection
rostructure

rm that the

acceptance
d or using a

testing can
lere prior to

] specimens
all likewise
< 0,45.

pecimen are

inten

1onally Iess stringent than those or ISU 121355 1In order to minimize alteration or the original

eld product.

Weld misalignment, weld distortion and specimen blank curvature (for blanks removed from pipe
sections) shall conform to the requirements of Figure 6. The straightness requirement of 2,5 % of
W on specimen blank sides applies to pipe curvatures (expressed as the ratio of pipe radius to weld
thickness) 210. Welded joints not meeting the specified straightness/misalignment requirements shall
be straightened by local bending prior to notching. The points of straightening-force application shall
be located at a minimum distance B from the region to be notched. It is essential that the region to be
notched is not deformed by straightening operations. A method for straightening specimen blanks from
distorted or curved sections is illustrated in Figure 7.

When it is not possible to straighten a specimen blank taken from pipe, a rectangular block of test
material may be cut from the pipe and joined by welding to suitable extension pieces. The total length
of the test block and extension pieces shall give a specimen of sufficient length to satisfy the curvature
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requirements of Figure 6. The weld joints shall be sufficiently distant so as not to affect the target

microstruct

NOTE 2

ure.

distortion between the test block and the extension pieces.

Laser and electron beam welding processes have proved useful in producing narrow joints with low

When a full section thickness specimen is intended, machining shall be kept to a minimum in order to
meet the tolerance requirements and the requirements for local compression (see C.2).

Weld overfill shall be machined level with the original product surface.

When the metal thicknesses on each side of the weld differ by 10 % or more, the blank shall be

machined dpwn to the thickness of the thinner side. In such cases, the original and final specimen lhlank
dimensions [shall be reported.

8.2 Notch placement for through-thickness notched specimens

The proceduyre for through-thickness notch placement for the NP crack plane orientation is illust]

in Figure 8.
etched tore
to the speci
onto the sur
the carried-
surface A.

NOTE
(especially if]
If ap/W# 0,5
ensure thatt

Both the surface to be notched (side A) and the opposite surface (side B) are groung
veal the weld and HAZ. A reference line is scribed on each prepared@-stirface A and B ng
men axis +5° and along the targeted microstructure. These scribéd lines are carried
faces normal to the prepared surfaces. A new line is then constructed equidistant bet]
pver lines. This line is used to delineate the intended planeof'the notch to be machined

This procedure is designed to ensure that the final craek/tip is in the targeted microstru

it is the HAZ) when the specimen axis in not perpendicular to the weld direction and ao/W
the line constructed to delineate the intended plane.of the machined notch is adjusted laterd
he final crack tip is in the targeted microstructure}

8.3 Notch placement for surface-notched spécimens

The procedy
The side suj
the weld md
area to the
specimen ax
equidistant

NOTE
targeted mic

ire for surface-notch placement foi~the NP crack plane orientation is illustrated in Figy
faces (those at right angles to the surface to be notched) are ground and etched to r
tal and HAZ. Reference linesyare scribed upwards from the selected target-microstru
surface to be notched. Perpendiculars emanating from the scribe lines (normal t

between the two lines This line is used to delineate the intended plane of the machined n

This procedure is désigned to ensure that the final crack tip, at the specimen mid-thickness, is

fostructure whén'the specimen axis is not perpendicular to the weld direction.

rated
| and
rmal
over
veen

into

cture
= 0,5.
lly to

ire 9
byeal
cture

the

is £5°) are marked (again by scribing) on the surface to be notched. A new line is constriicted

otch.
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8.4 Notch machining
Notch machining shall follow the guidelines provided in [SO 12135.

X
A
s 60°
A
B +5% ,
X = |l—
N 0,8 um
Y
./ 7
A
23V . 23V s 0,8 um
Lq
g i< | [25% W|A]

a) Rectangular-sectionspecimen
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X
A
S 60°
Y
B 5%
—
X ;8 A
@U v \/
23W 23 W 1
= ' e > X 0,8um 0,2% W
n
o [
# - < _| [Z5% w|A]
=
b) Square-section specimen
a) Rectangylar-section specimen b) Square-section specimen
Width =W Width=W
Thickness =R =0,5W Thickness=B=W
Crack length ¥ a = 0,45Wto 0,7W Erack length =a=0,45Wto 0,7W
Loading span|= 4W Loading span = 4W
Notch width # 0,062 5Wpnax Notch width = 0,062 5Wpax
Specimen straightness; see Figure 6 Specimen straightness; see Figure 6
Figure 5 — Proportional dimensions and tolerances for bend specimens
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a) Misalignment

b) Misalignment and/or

angular. distortion

W

£2,5%W

Py
B

A

oy
Y

A

1

c¢) Curvatufe

Key
1 loading points

d) Curvature

2 curved surface due to tube radius 4W = span

Figure 6 — Tolerances for misalignment, distortion and curvature
in single-edge-notched bend specimens
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a) To reduce angular distortion

=B

b) To reduce curvature.of specimen blank from pipe
(each specimen armvstraightened separately)

¢) Resultant “gull wing” specimen blank shape

Key
1 applied gtraightenihg force
2 weld

Figure 7 — Method for straightening bend specimens
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3 124
y 7
s 7
(\ |\i
7\ )
Ay 9
N Vo
5 \\ '1\‘\ X
\ W
Y

Key
eference scribe line A

2 flusionline

dide B (unnotched side)

reference&eribe line B

5 side Afnotched side)

noteh

NOTH NP crack plane orientation.
Figure 8 — Notch placement procedure using reference scribe lines
in a through-thiekness notched specimen
4 1523
° A
<7 5/// /
o) ~
|
k| | 7 //
I/ s
/
|  J
[
6 /) i
z )
\

Key
1 notch 5 reference scribe line A
2 fusionline 6 sideA
3 notched side 7 sideB
4  reference scribe line B

NOTE

NP crack plane orientation.

Figure 9 — Notch placement procedure in a surface-notched specimen
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9 Specimen preparation

9.1 Fatigue precracking

Fatigue precracking shall be carried out in accordance with ISO 12135. For specimens where the
intended fatigue crack tip is located in weld metal, the calculation of the maximum fatigue precracking
force, Ff, and the maximum fatigue stress intensity factor, Kf, shall be based on the tensile properties of
the weld metal, i.e. the region in which the fatigue crack is to be located. In all other cases, the properties

of the adjacent material with the lowest tensile properties shall be used.

Any post-weld or stress relief heat treatment shall be completed before fatigue precracking.

When possiLle, use of the shortest fatigue crack length permitted in ISO 12135 is recommend

order to mij

Problems m|
particularly]
instances, t

NOTE1 T
specimens dd
preparation.

NOTE2 Rq
effect on the

If the specimen is prepared from a post-weld heat-treated weld, then the procedures in Annex (

not be necef{

NOTE 3
crack tip.

A

If the fatigu
fatigue prec
made, the fT]

9.2 Side
Where side

10 Test a

The appara
ISO 12135.

!

limize fatigue crack front bowing and crack deviation from the specified targetarea.

ay occur in meeting the fatigue crack front straightness requirements specified in 1
with specimens prepared from as-welded or partially stress-relievéd-welds. In
e procedures given in Annex C shall be considered.

e magnitude and distribution of residual stresses in as-welded and partially post weld heat tr

pend on the material, the welding procedure, the degree of restraint\and the post-weld speg

sidual stresses may (or may not) contribute to uneven fatigue crack extension, and may ha
Fesulting fracture toughness determination.

sary.
straight fatigue crack front may indicate a) lows@¥ b) uniform residual stresses in the vicinity
e precrack does not meet the straightness requirements of 12.3.3, then modifications 4

racking procedure shall be made-inaccordance with Annex C. When such modification
acture toughness result shall be identified as described in 12.3.4.

rrooving

pparatus, requirements and test procedure

fus, reqliivements and procedures for Ki., 6 and J testing shall all be as prescrib{

brooving is selected; it shall be conducted in accordance with the requirements of ISO 12

bd in

I
(®N]

<

such

pated
imen

ve an

may

bf the

o the
s are

135.

bd in

11 Post-te

est metallography

11.1 General

Post-test metallography shall be applied to specimens designated for SM testing in order to verify crack
tip placement in the target microstructure. A section containing the fracture face shall be cut from the
specimen. When the target area is the HAZ, the section shall be removed from the side of the specimen
containing the weld metal. This section shall be used for the post-test analysis described in 11.2 and
11.3 to verify the microstructure at the fatigue crack tip.

Post-test sectioning is not required when the target area is WP.

In the case of brittle fracture, verification that the crack tip did indeed sample the specific
microstructure does not guarantee that cleavage initiation necessarily occurred in that microstructure.
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Further sectioning and metallography may be necessary (when requested by the customer) to identify
the microstructure at fracture initiation. The recommended sectioning procedures are the same as

those described for the assessment of pop-in and are given in Annex D.

11.2 Through-thickness notched specimens

11.2.

1 Sectioning

The through-thickness notched specimen shall be sectioned in a plane perpendicular to the fracture
surface, behind the fatigue crack tip, at a position within 2 mm of the maximum fatigue precrack length,

and

tha cnaciyman thiclenace (D A

groo
ensu

11.2

The
samyj

BN).
micr
spec

11.3

11.3

If thd
to id
If on
lengt

NOTH
micr

11.3

The
the §
meaq
micr
an aq

NOTH

hall snclinda tha fatigna cracly avuar tha conteal 70 0/ of
e H e aetneatig ettt e ver—ne—cettar—-—76+

T O P e eI eIt eI TIC oo (O OT

ved specimens) (see Figure 10, section A). The cut surface shall be examined metallog
re that the fatigue crack did indeed sample the specific microstructure.

2 Assessment

prepared metallographic surface shall be examined to ensure that thé fatigue cra
led the SM and that the SM was located within the central 75 % of.the specimen thi
A microstructural map shall be prepared which records the positions and lengths of|
pstructure features within the central 75 % of the specimen thickness (B or By). An ¢
men notched into the HAZ is shown in Annex B.

Surface-notched specimens

1 Sectioning

specimen fractures by cleavage, the fracture surface shall be examined at a suitable m
bntify the initiation site, and at least one section shall be taken as close as possible to t
y stable crack extension has occurred;the section shall be taken at the maximum fatig
h. The plane of the section shall be perpendicular to the notch/crack plane (see Figure|

Identification of the fracture\iditiation site may be done visually, but may require the
scopy or scanning electron mieroscopy.

2 Assessment

brepared metallogtaphic surface shall be examined to ensure that the fatigue crack
M. If the SM li€s~ahead of the fatigue crack tip, the minimum separation distance,
ured to an aecuracy of +0,05 mm [for NQ crack plane orientation, see Figure 12 a)]. If
pstructurediés to one side of the fatigue crack tip, the separation distance, s, shall be |
curacy of 20,05 mm [see Figure 12 b)].

It might be necessary to section both fracture surfaces to establish these distances.

By for side-
aphically to

ck tip front
Ckness (B or
the specific
example of a

agnification
his position.
ue precrack
[11).

nid of optical

tip sampled
s1, shall be
the specific
measured to

11.4 Assessment of pop-in

Pop-ins giving both force drops and displacement increases of less than 1 % shall be ignored. All other
pop-ins shall be considered significant unless shown to be insignificant by the fractographic and
metallographic procedures described in Annex D.

NOTE The criteria for the assessment of pop-in described in ISO 12135 are intended for testing homogeneous
material and may be inappropriate for welds which are, in general, inhomogeneous. Experience indicates that,
for weld testing, the size of the pop-in is usually related to the extent of brittle material present at the crack
tip. Small changes in crack tip position can alter the size of the pop-in. Hence the criteria for assessing pop-in in
ISO 12135 may be inappropriate for welds.
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Dimensions in millimetres

section H

section A
cuts
fatigue precrack tip
notch

surface to be examined (polish and etch)

N O U W

fatigue crack

Figure 10 — Post-test sectioning procedure to identify microstructure at fatigue crack
in a through-thickness notched specimen
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Key

1 duts

2 notch

3  fatigue crack

4 durface to be examined (polish and etch)

Figure 11 — Post-test sectioning of a surface-notched specimen
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a) Target microstructure ahead of fatigue crack tip
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b) Target microstructure on one side of fatigue crack tip

Key

1 weld bedd

2 reheated weld metal

3 fatigue cfack tip

4  reheated weld metal

5 SM (targpt microstrueture)

NOTE N

D cracksplane orientation.

Figure 12 — Measurement of s; and s- in a surface-notched SM specimen

12 Post-test analysis

12.1 Choice of tensile properties

When the crack tip is located completely in weld metal, the pertinent tensile properties shall be those
using an all-weld-metal tensile specimen. When located in, or partially in, the transformed

determined

HAZ, the higher of the parent metal and weld metal strengths shall apply.

NOTE1 Crack tip opening displacement (CTOD) in the HAZ is affected by the strength and size of the HAZ and
the adjacent microstructures. Underestimates of CTOD fracture toughness are obtained by using the higher of

the parent metal and weld metal strengths.

20
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which consider strength mismatchl[1l[2],

By agreement, tensile properties may be estimated from the parent metal and weld metal strengths

For carbon and C-Mn steels, if the tensile properties of the weld metal and parent metal cannot be
measured, they can be estimated (in MPa) from room temperature correlations with measured
hardness (in HV10) as follows.

Parent metall3],

Rpo,2b = 3,28 HV10 - 221, for 160 < HV10 < 495

ey

Wel

=3

Pare

Weld

For fi
Rma

Tetat;

p0,2w = 2,35 HV10 + 62, for 170 < HV10 < 330

ht metal,

mb = 3,3 HV10 - 8, for 100 < HV10 <400

metal,

mw = 3,0 HV10 + 22,1, for 170 < HV10 < 330

erritic steels, when tension testing below room temperature cannot be done and wh
F the low temperature of the intended fracture testis not available, the low-temperaty

tensile strengths may be estimated (in MPa) from*thé room-temperature yield and tens

using

=3

=3

whel|

12.2

12.2

Inten
with

y Formulae (5) and (6)[4]:

10°

0,2 (atlow temperature, T) = Ryp,2 (at'reom temperature) + —— - 189
po2 P )=Rp02 P ) (491+1,87)

m (at low temperature, T) = Ry (at room temperature) [0,785 7+0,2423 exp[

e Tis the intended fracture test temperature, in °C, and is greater than -196 °C.
Determination of fracture toughness

1 KIC

pretation'of the test record to determine Kjc shall be carried out in accordance with IS
theadditional requirements provided in 12.1 concerning the appropriate choice of Ry,

170,646

(2)
(3)

(4)

en Rpo,2 and
re yield and
ile strength

(5)

] -

D 12135, but
2

12.2.

20

Single point determination of CTOD, uncorrected for ductile crack extension (6¢) shall be obtained from
Formulae (7) to (10).
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For bend specimensls]:

(

50:

S

w

v

meO,ZE

0,43(W -a, )V,

10,43(W-a,)+a,

F

—)0,5 Xgl(

| :
(BByW

w

]2

For compact specimens, including both straight notch and stepped notch:

(7)

(8)

where S, W,
When attacl
following rej

For bend sp

0,

| )
va,[ % ' 0,52(W—a, )V,
B ) w I LmRDO,ZEJ 0,52(W-a,)+a,
3,55 002

m

4{Rp0 Ry0,2
R

2
2 +2,8
m R
B, BN, F, g1(ao/W), g2(ao/W) are defined in ISO 12135. Vj\is the plastic component
ned knife edges are employed, V is converted from theclip’gauge output into V, usin
lationships.

m

J—0,35 {0,8+0,2exp[-0,019(B-25) ]}

bcimens,

#3(W—-a,)+a,

V=
0,41

For straight

(W-a,)+a,+z ®
notch compact specimens,

0,52(W—-a,)+a,

V=
0,52
For stepped

0,

v
(W-a,)+a,+0,25W+z ®

notch compact specimens;

52(W—-a,)+a,

V=
0,57

where z is {
ISO 12135.

When ducti
R-curve, the

(W-ay)+a, #2 &

he distance-of the knife edge tip from the notched edge of the specimen, as defin

le etack extension takes place and CTOD fracture toughness needs to be defined |

(9)

(10)

of V.
o the

(11)

(12)

(13)

bd in

y an

procedures and equations given in ISO 12135 shall be followed but subject to the addit

ional

requiremen

12.2.3 J

tsin 12.1.

Interpretation of the test record to determine J from standard bend or compact specimens shall be
carried out in accordance with ISO 12135, but subject to the additional requirements in 12.1.

12.2.4 Shallow-notched bend specimen

When a shallow-notched bend specimen is employed (0,10 < ao/W < 0,45), the interpretation of the test
record to determine single point values of J, and g, uncorrected for ductile crack extension, shall be
carried out in accordance with Annex E.

22
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12.3 Qualification requirements

12.3.1 General

All of the qualification checks listed in ISO 12135 are applicable to this document, with the following
modifications.

12.3.2 Weld-width-to-crack-ligament ratio

For weld metal tests, the § estimation procedures shall be considered qualified by this document when
the following requirements are met[6][7]:

a) foracrackinthe centre of the weld, the ratio of the weld width (over the central 75 % 0fthe thickness)
o the crack ligament length shall be greater than 0,2, i.e. 2h/(W - a,) > 0,2 [see Figdres|{13 a) and b)
or through-thickness notched specimens and Figures 14 a) and b) for surface~hotched|specimens];

b) flor a crack offset from the weld centreline, the ratio of the effective“weld width (shortest
istance between the crack plane and the weld fusion boundary over*the central {5 % of the
gpecimen thickness) to the crack ligament length shall be greater.than 0,1, i.e. h/(W - ao) > 0,1
[see Figures 13 c) and d) for through-thickness notched specimens and Figures 14 d) and d) for
gurface-notched specimens];

c) for both cases a) and b), an additional requirement is that'the ratio of the weld metal 0,2 % offset
yield strength to the parent metal 0,2 % offset yield strength shall be in the range 0,50 to 1,50. See

Formula (14).

R
0,2
< _POEW

0,50 <1,50 (14)

Rp0,26

For weld metal tests, the J estimation proceduresl6l[Z] shall be considered qualified to thjs document
when the ratio of weld metal to parent metal 0,2 % offset yield strengths is in the range {,50 to 1,25.

See Hormula (15).

Rp0,2w

0,50< <1,25 (15)

p0,2b

For HAZ tests, the 6 and JE€stimation procedures of ISO 12135 shall be used (see 12.1 for choice of yield
strergth for calculating-6). When reporting results, the 0,2 % offset yield strengths of both the parent
and yeld metal shall be stated.

NOTH These.é&stimation and qualification procedures may result in *+10 % error in weld metal §
or J. [Overestimates occur when Rpo,2w/Rpo,2b > 1,50 for 6, and > 1,25 for J; underestimatesf occur when
Rpo,2{v/Rp0,25-=20,50 for § and JIel[Z]. When determining HAZ fracture toughness, the J and § estimatign procedures
may fesultin5 % and - 20 % to +10 % error, respectively, for 0,7 < Rpo,2w/Rpo,2b < 2,5[11.

12.3.3 CracKTront straightness

Crack length measurements shall be made in accordance with ISO 12135. For ¢ and ] tests using bend
specimens, none of the seven interior crack length measurements shall differ from the weighted nine-
point average value by more than 0,2 a,. For compact specimens and Kj. tests using either compact or
bend specimens the crack front straightness requirements shall conform entirely to ISO 12135.

NOTE1 Crack front straightness requirements are based on empirical evidence from bend specimensl(8].
NOTE 2 In order to meet the requirements of SM and WP testing, it might not be possible to allow a relaxation

of the fatigue crack front straightness requirements, and the more stringent requirements of ISO 12135 may be
necessary.
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Key
1  crack algng weld centreline
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Fighired3 — Definition of h and 2h in through-thickness notched (NP) specimens
from double- and single-sided welds
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_2h  2h
i A
S
S
a) b)
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S
4
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Figure 14 — Definition of h and 2h insurface-notched (NQ) specimens
from double- and'single-sided welds

12.3}4 Symbols used to identify fracture toughness values

In addition to the symbols required by SO 12135 to identify fracture toughness values, the following
shalllbe used:

a) K J, 6 (no superscripts)-shall be used when Annex C modifications to the fatigue [precracking
rocedure have NOT been’'made;

b) KM, M, §M (with Mas-superscript) shall be used to identify results from specimens wheh the fatigue
recracking precedure HAS been modified in accordance with Annex C.

12.3|5 Through-thickness notched specimens

Whep post-test sectioning and metallographic examination of SM specimens in accofdance with
11.2|shows that the fatigue crack front has indeed sampled both the designated targg¢t area and,
whette. cnnr‘lﬁnr‘] tho anu’rnﬂfnﬂ ]nn(ﬂ-hc of cparﬂﬁr microstructure within the central 75 9% of the
specimen thlckness (B or BN) the fracture toughness result shall be considered qualified. When these
requirements are not satisfied, the fracture toughness of the specific microstructure has not been
determined and the test result shall be considered not qualified.

12.3.6 Surface-notched specimens

When post-test sectioning and metallographic examination of SM specimens in accordance with 11.3
shows either that the fatigue crack tip has indeed sampled the specific microstructure or that the
dimension s1 or sy (see 11.3.2) is <0,5 mm, the fracture toughness result shall be considered qualified.
When these requirements are not satisfied, the fracture toughness of the specific microstructure has
not been determined and the test result shall be considered not qualified.

© IS0 2018 - All rights reserved 25


https://standardsiso.com/api/?name=99c2cbf64921c48332bc42c62f9300c9

ISO 15653:2018(E)

13 Testreport

The test report shall be in accordance with ISO 12135, with the following additional information:

a)
b)
0)
d)
€)
f)
g)

h)
i)

j)
k)

26

whether weld positional (WP) or specific microstructure (SM) notching was used;

the crack plane orientation in accordance with Figures 2, 3 and 4;

the original thicknesses of the weld and parent metal adjacent to the weld;

the pre-test metallography results of macrosection examination (if appropriate);

the tend
the effe

the met
symbol

the asse

whethe

ctive weld width, h, as appropriate;

in accordance with 12.3.4, if appropriate;

target area;

the dist

whethe
value of]

Ance s1 or sz, as appropriate, for SM notching;

ao/W.

1le properties of the weld and parent metal and the method used to derive the values;

ssment of pop-in significance (if appropriate) in accordance with Annex D;

hod used to achieve a straight fatigue crack front and inclusion of a superscriptin the rlesult

" the result can be considered qualified with respect to crack sanipling of the designated

" a shallow-notched bend specimen was used in accordance with Annex E and, if sq, the
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Annex A
(informative)

Examples of notch locations

ISO 15653:2018(E)

This annex gives examples of typical locations used when testing weld metal and HAZ with through-
thickness and surface-notched bend specimens. Figure A.1 shows weld positional (WP) notch locations,

while Figure A.2 shows specific microstructure (SM) notch locations.
Orientation Geometry Notch logation
A
a) A} NP B x Bor B x 2B "Weld metal centreline
Y
A
Weld metal cenfreline
B - NQ BxB from weld root
 J
HAZ with notch
d) M NP Bx BorBx 2B intersecting fugion line
at mid-thicknegs
HAZ with notch
d) ™ NP BxBorBx2B intersecting fugion line
at quarter-thickness
A
=
d) PQ BxB Transverse to Weld
 J
A
Transverse to weld,
f Q PN BxB on weld centreline

© ISO 2018 - All rights reserved

Figure A.1 — Examples of weld positional (WP) notch locations
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Cross-section
Orientation proportions Notch location
(thickness x width)

A
a) > NP BxB Columnar weld -metal
on weld centreline
Y
A
Weald - £ o n
b) = NQ BxB side welded
/
A
Grain-coarsened HAZ
) = NQ BxB adjaeent to columnajr
{weld metal
A
Maximum volume of
d) Q NP Bx BotB% 2B as-deposited columpar
weld metal
|
WY < F /7
? WeoX [/
HERAN Maximum volume of
e M HEE|] NP BxBorBx2B
3 columnar weld met3l
HEE\
\d 1 SF \\
t \
( Crack front to sample
f) Sa i NP BxBorBx2B a specific region within
“ ; the HAZ
\
Figure A.2 — Examples of specific microstructure (SM) notch locations
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Annex B
(informative)

Examples of pre-test and post-test metallography

Pre-test metallography of an etched macrosection is necessary when SM testing is specified for the HAZ.
Figures B.1 and B.2 give examples of the method of quantifying the amount of HAZ microstructure, in
this rase, the HAZ adjacent to columnar weld metal. Figure B.2 shows how to prepare,d map of the
target microstructure identified in the macrosection (see Figure B.1) within the central |75 % of the
specimen thickness. The individual lengths of SM (1) along a line representing the idealiz¢d notch are
sumined to give the percentage SM present.

Whep SM testing is specified, post-test metallography is necessary to <confirm thaf the target
micrpstructure was present close to the fatigue crack tip, for example,.and to confirm the mapping
shown in Figure B.2 for section A in Figure 10.

Key
1  dolumnar weldmietal
idealized netelrline

3 ]:AZ adjacent to columnar weld metal
Fi

ure B.1 — HAZ adjacent to columnar weld metal for idealized notch line on macrosection
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Key
cap
2  root

3 target HAZ

NOTE

30
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Figure B.2 — Microstructural map of HAZ adjacent to columnar weld metal
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Annex C
(informative)

Residual-stress modification and precracking technique

General

ed or partially post weld heat treated or partially stress-relieved specimens. By
hative procedures may be employed if they are documented and validatedoTHe tec
be indicated when reporting the test results.

1  These techniques are normally unnecessary for welds that have been stress-relieved
reatment.

2 In as-welded or partially stress-relieved specimens, residual welding stresses wil
ver, the magnitude and distribution of these stresses may be different from those present in t

which the specimens were taken. Residual stresses can result in unacceptable fatigue crack fronf

and,

comp
[10], ¢
espeq
cracKk
ligam

NOTH
cond
that i
cracK

NOT]H
comb
proce

C.2

Loca
mack
the 1
1%

accej

moreover, can affect the determination of the fracture toughness. Experience has shoy
ression conducted prior to fatigue precracking will reduce residual stresses to low and uni
hus minimizing these effects. Alternative techniques which/can produce acceptably straight f3
ially in thick-section welds where local compression_ is)impractical, are the stepwise high R
ing[11] and reverse bending[13][14] methods Howevery significant residual stresses may still 1
ent ahead of the fatigue crack (W - a,), and this may affect the fracture toughness[12].

3 Local compression can affect fracture*toughness in some materials and under ce|
tions, butitis difficult to predict which materials are likely to be susceptible. However, experie

shape.
4  Whichever technique is €hosen and when there is little experience with the techni

dure results in acceptablystraight fatigue precracks.

Local compression

| compressignl21[10] is applied across 88 % to 92 % of the ligament (W - a) in

lined notch/prior to fatigue precracking and side grooving. The compression shall
otch tiprand be applied through hardened-steel platens to produce a total plastic st
pf thé specimen thickness (see Notes 1 and 2). Local compression before notch mach

pof the following techniques, specified in C.2, C3 and C.4, shall normally be used foy

testing as-
agreement,
hnique used

by post-weld

be present.
he weld from
straightness
'n that local
form levels[29]
itigue cracks,
Lratio fatigue
emain in the

rtain testing
nce indicates

t is preferable to accept this risk ratherthan obtain a result from a specimen with an unacceptable fatigue

que/material

ination, it is advisable that~the test programme include spare specimens to confirm that the chosen

front of the

encompass
ain of up to
ining is also

)table Approx1mate Values of forces that need to be applled to rectangular- and sq

are-section

spec didance only
and may be exceeded if necessary to achleve the requ1red plastlc straln Dependmg on the thickness,
B, local compression may be applied from one side only or a compression of up to 0,5 % of B may be
applied simultaneously on each side of the specimen (see Figure C.1). It is acceptable to apply the force
incrementally in steps up to the final load.

Multiple applications of lower compression forces using smaller platens may be employed for a
rectangular-section, Bx2B, specimen. In such cases, and for a square-sectioned, BxB, specimen, no
dimension of the contact area of the platens shall be less than 0,5B (see Figure C.1). In addition, the final
deformation shall be made nearest to the notch tip.

A number of force applications may be necessary to achieve the required plastic deformation. The
resulting reduction in thickness shall be measured to 0,025 mm or £0,1 % of B, whichever is larger.

© ISO 2018 - All rights reserved 31


https://standardsiso.com/api/?name=99c2cbf64921c48332bc42c62f9300c9

ISO 15653:2018(E)

For specimens that have been locally compressed, the dimension B used for the calculation of the fatigue
force and stress intensity factor shall be B in the region of the notch measured after local compression.

NOTE1 Local machining of the ligament to be compressed on both sides of the specimen may be necessary to
ensure a smooth bearing surface for the platen and to achieve uniform deformation.

Any bulging of the back face of the ligament leading to distortion in bend specimens at the loading point

shall be removed by machining.

NOTE 2

Experience indicates that a total deformation equal to 1 % of B may be too much for some welds

and materials, and straighter crack fronts may be obtained with less. Trials may be necessary to establish the

optimum con

ditions.

C.3 Reve

The specim
conventiond
machined n
using a sing
system is re
present. Dui
is determing

P

rb:L

1i

BI VV; am; Rp

rse bending

bn is loaded to compress the machined notch (i.e. reverse bending of the specimen) b
| fatigue precracking[131[14][15][16], The aim is to induce a compressive plastic zone g
ptch tip, where a uniform tensile residual stress through thickness is expected. This is
e cycle of bending load applied to the notch side of a bend specimen’A/four point bend
commended to avoid damage to the machined notch mouth and,ihfegral knife edges W
ing reverse bending, the machine notch faces shall not touch. The reverse bending loa
bd from Formula C.1.

B@V—amf
S-S,

. Ry,

2 are given in accordance with ISO 12135. Sgis a short span between inner loading p

in four poi

indicates tl‘l:E
stress condi

The comprd

Formula (C.

wrb -

o X IF=]

where Kp

Formula (C.

L 1

Krb

bending. L; is load ratio of Py to the limitload, P1[17]. Experience with reverse ber
t suitable range for Ly is from 0,6 to 1,0,and that the choice for L, depends on weld res
ion in the specimen.

ssive plastic zone size, w,, generated by the reverse bending load is obtained

)

2
Krb
L- RpO,Z

s the stress intensity factor for the reverse bend load, Prp, which is calculated
B) for four-peintbending:

)rb (S < Ss)
BXW >

Im

Hw

pfore
t the
done
load
there
il Prb

(€.1)

pints
1ding
idual

from

(C.2)

from

(C.3)

h H - 1£ e L JAY. AN > H 1CAO 121420 . 2301 £ A AnY
whnere non-armeisionar Tuction; gT{Tmy/ VY J, IS §IVEIT T ISU T2 10 0. 2U 10, AeX U:

L in Formula (C.2) is the notch constraint factor, which takes the value of 2,3[14], for both rectangular
and square cross section specimens. After reverse bending, the fatigue crack is introduced according to
9.1. The recommended target fatigue crack length, ar is in the range of 1,0wrp to 1,5wrp. Fatigue crack
shall be extended beyond wp[14]. A fatigue crack extending beyond 1,5w.p will be subjected to weld
residual stress outside of reverse bending plastic zone. Table C.1 gives recommended load ratio, L and
target fatigue precrack length, ar, when machine notch length ratio, an,/W is 0,475, as an example.
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Table C.1 — Recommended load ratio, L and target fatigue precrack length, ar (a,,/W = 0,475)

e | eww ag/ W ao/W = (am + ap)/ W
1,000/ W 1L,5wm/W | ao/W = (am + L,0w)/W | ao/W = (am + 1,5wr)/W
0,6 0,012 0,012 0,018 0,487 0,493
0,7 0,017 0,017 0,025 0,492 0,500
0,8 0,022 0,022 0,033 0,497 0,508
0,9 0,028 0,028 0,042 0,503 0,517
1,0 0,034 0,034 0,051 0,509 0,526

Othefr notch depth to specimen width ratios can be employed, including shallow-notched bend specimens.

In sy
and |

NOTH
diffic
NOTH

signi
affec

C4

In th|
fatig
prec
incre
K)is

NOTH
work

ch cases the calculations are similar to those shown in Table C.1 and employ Formula

e (C.1), (C.2)

C.3) for the chosen value of a,/W.

1  Experience indicates that reverse bending can be effective when local compteéssion is i
ult to achieve when large specimens need to be tested, i.e. B2 50mm.

2 Experience indicates that reverse bending is not always successfull12][13], and doe
icantly the level of residual stress at the fatigue crack tip position[12].<Thé presence of residy
the test result.

Stepwise high R-ratio

e stepwise high R-ratio techniquellll, fatigue precracking consists of two steps, each g
ie stress ratio, R. For the first step, the stress ratiodR = 0,1 is used (i.e. the conventiong
racking) until the fatigue precrack has grown.to-a length of about 1 mm. In the seco
ased to 0,7 and the fatigue precrack grown to‘the desired length. The same Kf (maxin
used in both steps.

Use of R > 0,1 is inconsistent with thé fatigue precracking requirements in ISO 12135.
indicates that fracture toughness maybe increased if R > 0,1[2][18].

h-effective or

5 not reduce
al stress can

t a different
1 R value for
nd step, R is
um value of

Experimental
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2 1% of Bf(or 0,5 % of B on each side)

NOTE1  Ryjo,2 is the lower of the values for, the parent metal and the weld metal.

NOTE2 CE8%to 12 % of (W - a).

Figure|C.1 — Alternative’local compression treatments for a rectangular-section, Bx2B

specimen. For a square-section, BxB, specimen, a circular platen can be used with a diametgr of
B/2 and Ff0,3B2Rp,2. Alternatively, a rectangular platen can be used with a length and width

of B/2 and F=0,4B2Rp0,2.
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Annex D
(normative)

Assessment of pop-in

D.1 General

Thisprocedure shall be used to assess the acceptability of pop-ins classified as significant'it] accordance
with|11.4.

If the¢ pop-in is assessed as significant in accordance with ISO 12135 (i.e. P, calculated in| accordance
with|ISO 12135, is greater than 5 %), post-test fractography and metallographly are not r¢quired, and
the dop-in remains significant. However, if the pop-in is assessed as not sighificant in accordance with
ISO 12135 (i.e. P, calculated in accordance with ISO 12135, is less than\5/%) and the forfe drop and
displacement increase greater than 1 %, its actual significance with respect to this standard shall be
determined from the fractographic and metallographic assessment procedures described ip D.2 to D.5.

Valug¢s of § and ] measured at the first pop-in event shall be desighated 6pop and Jpop, respegtively.

D.2 | Fractography

Both| fracture faces shall be examined for evidence“of an arrested brittle crack extensidn, generally
in thie plane of the fatigue crack, and the maximtm crack extension, Aapop, excluding thg SZW, shall
be measured (see Figure D.1). Where no evidence of such an arrested brittle crack can b found, the
signifficance of the pop-in shall be assessed:ifn_accordance with [SO 12135.

Pop-In can be caused by an arrested ctaek running perpendicular to the plane of the fatighie precrack.
This|is sometimes referred to as a “split”. The fracture toughness at pop-in caused by a gplit shall be
repofted, but might not characterize the fracture toughness of the material for the intgnded crack
orientation. A different specimen and crack plane orientation might be necessary to ¢haracterize
the firacture toughness of tlie;material in the plane of the split[19][20]. Assessment of the structural
signifficance of a split is outside the scope of this document.

D.3 | Sectioningiand metallography

One jor both fracture surfaces containing an arrested brittle crack extension shall be egxamined by
optidal and/or“scanning electron microscopy to identify the primary fracture initiation] site. When
the grack tip is located in the HAZ, the fracture surface adjacent to the weld shall be examined. After
marking the initiation position, a metallographic section shall be taken through the initiation point in
a plameperpendicutartothefatigue crack ptamreas-tttustratedim Figure b2 for a—through-thickness
notched specimen and Figure D.3 for a surface-notched specimen. The sections shall be polished and
etched in accordance with usual metallographic practice for microstructural examinations.

D.4 Assessment

The metallographic section taken from a through-thickness notched specimen (see Figure D.4) shall be
examined and the length, d4, of the specific microstructure parallel to the crack front at initiation shall
be measured. The lengths of similar microstructures present in the section within the central 75 % of B
(or By in the case of side-grooved specimens), but not intersected by the crack front, shall be measured
and the maximum individual length, dp, recorded (see Figure D.4). If the section is beyond the fatigue
crack tip, a further section behind the fatigue crack tip may be necessary to measure d>.
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The metallographic section taken from a surface-notched specimen (see Figure D.5) shall be examined
and the total length, d1, of the microstructural region in which the pop-in initiated shall be measured.
This length d; shall only include the microstructural region ahead of the fatigue crack tip (see
Figure D.5). More than one section may be taken to assess the dimension dj.

D.5 Pop-in significance

Following metallographic examination, a pop-in shall be considered not significant if

a) for a through-thickness notched specimen: P, calculated in accordance with ISO 12135, is less than
59% an r]13112,nr

b) for a sufface-notched specimen: P is less than 5 % and Aapep < d.

The pop-in ghall be considered significant when d; > dy or d1 < Aapop because a larger popsifi may|have
occurred if fnore of the brittle microstructure had been sampled or had been present ahéad of the ¢rack
tip. Further|tests may be necessary to confirm or reject this possibility. A flow chatt illustrating the
assessment jof pop-in is shown in Figure D.6.

A

pop

Ad

71N

Key
1 aor(aetAa)

Figure D.1 — Measurement of Aapep
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surface to be examined (polish and etch) (see Figure D.4)

Figure D.2 — Post-test sectioning procedure for identifying fracture initiation microstructure
in a through-thickness notched specimen
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