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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
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maint
desfribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
different types of ISO documents should be noted. This document was drafted in accordan
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the
patent rights. ISO shall not be held responsible for identifying any or all suchpatent rights
any|patent rights identified during the development of the document will.be'in the Introducf
on thhe ISO list of patent declarations received (see www.iso.org/patents}):

Anyf trade name used in this document is information given for the,eonvenience of users ar
conftitute an endorsement.

For|an explanation on the voluntary nature of standardss. the meaning of ISO specific
essions related to conformity assessment, as well .as 'information about I1SO's adherg

technically revised. It also incorperates the Amendments ISO 15614-1:2004/Amd 1
[SO[15614-1:2004/Amd 2:2012 and the Technical Corrigendum ISO 15614-1:2004/Cor. 1:200

Alist of all parts in the ISO 1561# series can be found on the ISO website.

Requests for official interpretations of any aspect of this document should be directed to the
of I$0/TC 44/SC 10 viayour national standards body. A complete listing of these bodies can

Www.iso.org.

Thip corrected version of ISO 15614-1:2017 incorporates the following corrections:

— |in Table5,the value “10-5” has been added for test piece material A of group 10 for test pie
B of group 5;

matters of

bnance are
ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the
e following

processes,

has been
2008 and
.

becretariat
be found at

Ce material

— [Eigure 6 has been updated to match the Key.
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Introduction

All new welding procedure tests are to be carried out in accordance with this document from the date
of its issue. However, this document does not invalidate previous welding procedure tests made to
former national standards or specifications or previous issues of this document.

Two levels of welding procedure tests are given in order to permit application to a wide range of welded
fabrication. They are designated by levels 1 and 2.

Level 1 is based on requirements of ASME Section IX and level 2 is based on the previous issues of this
document.

vi © ISO 2017 - All rights reserved
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Specification and qualification of welding procedures for
metallic materials — Welding procedure test —

Part 1:
Arc and gas welding of steels and arc welding of nickel and
nickelalioys

1 [Scope

Thif document specifies how a preliminary welding procedure specificatiofinis qualified py welding
progedure tests.

This document applies to production welding, repair welding and build-=up welding.

Thif document defines the conditions for the execution of welding*procedure tests and the range of
quallification for welding procedures for all practical welding operations within the qualificqtion of this
document.

Thg primary purpose of welding procedure qualificatioh'is to demonstrate that the joining process
proposed for construction is capable of producing joints having the required mechanical prgperties for
thefintended application.

Twq levels of welding procedure tests are givendn order to permit application to a wide rangg of welded
fabrication. They are designated by levels 1-and 2. In level 2, the extent of testing is greater and the
ranges of qualification are more restrictive'than in level 1.

Proredure tests carried out to level 2'automatically qualify for level 1 requirements, but not|vice-versa.
When no level is specified in a contract or application standard, all the requirements of level| 2 apply.

Thip document applies to therarc and gas welding of steels in all product forms and the arclwelding of
niclel and nickel alloys in-allproduct forms.

Arc|land gas welding-are‘covered by the following processes in accordance with ISO 4063.
111]— manual nietal arc welding (metal-arc welding with covered electrode);
114]— self-shielded tubular-cored arc welding;

12 1+ sibmerged arc welding;

13 =gas-shietded-metatarc-welding;

14 — gas-shielded arc welding with non-consumable electrode;

15 — plasma arc welding;

311 — oxy-acetylene welding.

The principles of this document may be applied to other fusion welding processes.
NOTE A former process number does not require a new qualification test according to this document.

Specification and qualification of welding procedures that were made in accordance with previous
editions of this document may be used for any application for which the current edition is specified. In
this case, the ranges of qualification of previous editions remain applicable.

© IS0 2017 - All rights reserved 1
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It is also possible to create a new WPQR (welding procedure qualification record) range of qualification
according to this edition based on the existing qualified WPQR, provided the technical intent of the
testing requirements of this document has been satisfied. Where additional tests have to be carried out
to make the qualification technically equivalent, it is only necessary to perform the additional test on a
test piece.

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. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 3452-1} Non-destructive testing — Penetrant testing — Part 1: General principles

ISO 4063, Welding and allied processes — Nomenclature of processes and reference numbers
ISO 4136, Pestructive tests on welds in metallic materials — Transverse tensile test

ISO 5173, Destructive tests on welds in metallic materials — Bend tests

ISO 5817, |Welding — Fusion-welded joints in steel, nickel, titanium-Jand their alloys (beam weldling
excluded) + Quality levels for imperfections

ISO 6520-1, Welding and allied processes — Classification ©ofygeometric imperfections in metpllic
materials + Part 1: Fusion welding

[SO 6947, Welding and allied processes — Welding positions

[SO 9015-1) Destructive tests on welds in metallic materials — Hardness testing — Part 1: Hardness test on
arc welded|joints

ISO 9016, Destructive tests on welds in metallic.materials — Impact tests — Test specimen location, ntch
orientation| and examination

ISO 14175, |Welding consumables — Gases and gas mixtures for fusion welding and allied processes

ISO 156091, Specification and qudlification of welding procedures for metallic materials — Weldling
procedure §pecification — Part-1+-Arc welding

ISO 156092, Specification,and qualification of welding procedures for metallic materials — Welgling
procedure §pecification&Part 2: Gas welding

ISO 15613) Specification and qualification of welding procedures for metallic materials — Qualificafion
based on pre-production welding test

ISO 17636}1;7Non-destructive testing of welds — Radiographic testing — Part 1: X- and gammatray
techniques with film

[SO 17636-2, Non-destructive testing of welds — Radiographic testing — Part 2: X- and gamma-ray
techniques with digital detectors

[SO 17637, Non-destructive testing of welds — Visual testing of fusion-welded joints
ISO 17638, Non-destructive testing of welds — Magnetic particle testing

ISO 17639, Destructive tests on welds in metallic materials — Macroscopic and microscopic examination
of welds

ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, and
assessment

2 © IS0 2017 - All rights reserved
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ISO/TR 15608, Welding — Guidelines for a metallic materials grouping system

ISO/TR 17671-1, Welding — Recommendations for welding of metallic materials — Part 1: General
guidance for arc welding

ISO/TR 18491, Welding and allied processes — Guidelines for measurement of welding energies
ISO/TR 20172, Welding — Grouping systems for materials — European materials
ISO/TR 20173, Welding — Grouping systems for materials — American materials

ISO/TR 20174 Wplding — Grouping cvchamcfnr materials — Japanese materials

ISOfTR 25901 (all parts), Welding and allied processes — Vocabulary

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in ISO/TRy25901 (all paits) and the
follpwing apply.

[SO|and IEC maintain terminological databases for use in standardization at the following addresses:

— |ISO Online browsing platform: available at http://www.iso.@rg/obp

— |IEC Electropedia: available at http://www.electropediaotrg/

3.1
run out length
length of a run produced by the melting of a covered-electrode

Not¢ 1 to entry: See ISO/TR 17671-2.
3.2
build-up welding

addiition of weld metal to obtain or restore required dimensions

4 |Preliminary welding procedure specification (pWPS)

The preliminary welding procedure specification shall be prepared in accordance with ISO 15609-1 or
1S0|15609-2.

5 |Weldingprocedure test

Thg welding:and testing of test pieces shall be in accordance with Clauses 6 and 7.

Thegwelder or welding operator who undertakes the welding procedure test satisfactorily in #accordance
Wit I thia dU\.ulllCllt ;D Liua};ficd dlUlUl d;lls tU thc I C}CVGIIt uat;uua}/;utcx uat;uua} ataudal d bC ng applied,

provided that the relevant testing requirements of that standard are met.

6 Test piece

6.1 General

The welded joint to which the welding procedure will relate in production shall be represented by
making a standard test piece or pieces, as specified in 6.2.

If required by the application standard, the direction of plate rolling shall be marked on the test piece
when impact tests are required to be taken in the Heat Affected Zone (HAZ) and shall be mentioned in
the impact test report.

© IS0 2017 - All rights reserved 3
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For level 1:
configurat

Any butt joint test qualifies all joint
ions.

For level 2: Where the joint requirements and/o

r

dimension of the test piece are not covered by the

standard test pieces as shown in this document,

the use of ISO 15613 shall be required.

6.2 Shape and dimensions of test pieces

6.2.1 Ge
The length,
Additional

for extra tg

For all test

Figure 3), {
the require

The thickn|
to 8.3.3.

neral

test pieces, or longer test pieces than the minimum size, may be prepared in order{o-a
sting and/or for re-testing specimens (see 7.6).

pieces except branch connections (see Figure 4) and T-joints (T-butt weld or|fillet weld;
he material thickness, ¢, and the diameter, D, shall be the same for both plates and pipe
d length of the test piece to be welded.

6.2.2 Buttjoint in plate with full penetration

The test pi

pce shall be prepared in accordance with Figure 1.

6.2.3 Buttjoint in pipe with full penetration

The test pi

NOTE ’
square or rg

6.2.4 Tj

The test pi
butt welds

6.2.5 Br

For level 1:

pce shall be prepared in accordance with Figure 2.

T

'he word “pipe”, alone or in combination, issused to mean “pipe”, “tube” or “hollow section” ex
ctangular hollow section.

loint

bce shall be prepared in ageordance with Figure 3. This test piece applies to fully penetr:
or fillet welds.

hnch connection

No specific testpiece required. For level 2: The test piece shall be prepared in
accordance with Figure 4. The angle « is the
minimum one used in production. This test pied
applies to fully penetrated joints (set-on, set-in
set-through joint) and for fillet welds.

ess and/or pipe outside diameter of the test pieces shall be selected in‘accordance with 8.

see
b ONn

3.2

rept

ted

D

6.3 Welding of test pieces

Preparation and welding of test pieces shall be carried out in accordance with the pWPS, which they
shall represent. Welding positions and limitations for the angle of slope and rotation of the test piece
shall be in accordance with ISO 6947. If tack welds are to be fused into the final joint, they shall be
included in the test piece.

The welding and the testing of the test piece shall be verified by the examiner or examining body.

© ISO 2017 - All rights reserved
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1
x &
ol
-
a a

Key
1 |joint preparation and fit-up as detailed in the preliminary weldihgprocedure specification (pWPS
a |minimum dimension 150 mm
b |minimum dimension 350 mm
t |material thickness

Figure 1 — Test piece for a butt joint in plate with full penetration

a a

Key]

1 |jointpreparation and fit-up as detailed in the preliminary welding procedure specification (pWPS
a |minimum dimension 150 mm

D outside pipe diameter

t  material thickness

Figure 2 — Test piece for a butt joint in pipe with full penetration

© IS0 2017 - All rights reserved 5
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Key

t1, 62

p—

t

=

—
\_/\1

d

mini

matey

joint preparation and fit-up as detailed in the preliminarjzwelding procedure specification (pWPS)
mini:{um dimension 150 mm

um dimension 350 mm
ial thickness

Figure 3-— Test piece for a T-joint

© ISO 2017 - All rights reserved
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D4

Key
joint preparation and fit-up as detailed in the preliminary, welding procedure specification (pWPS
a |branch angle

a |minimum dimension 150 mm

D1 |outside diameter of main pipe

D, |outside diameter of branch pipe

t1 |main pipe material thickness

tp |branch pipe material thickness

Figure 4 — Test piece for a branch connection

© IS0 2017 - All rights reserved 7
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7 Examination and testing

7.1 Type and extent of testing

For level 1: Type and the extent of testing shall be For level 2: Type and the extent of testing shall be
in accordance with the requirements of Table 1.  in accordance with the requirements of Table 2.
If impact testing, hardness testing or non-destruc-

tive testing (NDT) is required by an application

standard or specification, they shall be carried out

and assessed in accordance with the requirements

of level 2, ynless otherwise specified by the appli-

cation starndard or specification.

An application standard may specify additional tests, e.g.:
— longitudinal weld tensile test;

— all weld metal bend test;

— corrosion test;

— chemical analysis;

— microscopic examination;

— delta ferrite examination;

— hardness test;

— cruciform test;

— impact test;

— non-destructive testing (NDT).

NOTE §pecific service, material or manufacturing conditions may require more comprehensive testing than
is specified|by this document in order to gain mofe'information and to avoid repeating the welding procedlure
test at a latdr date just to obtain additional test/data.

Table 1 — For level.1:'Examination and testing of the test pieces

Tept piece Type of test Extent of testing Footnote

Butt jojnt with full Visual testing 100 %
penetratijon — Figure 1

. Transverse tensile test 2 specimens a
and|Figure 2
Transverse bend test 4 specimens
Fillet welds — Figtre'3 Visual testing 100 % b
Macroscopic examination 2 specimens

a  For bendl tésts, see 7.4.2.

b Where mechanical properties are required by an application standard, it shall be tested accordingly. If an additional
test piece is needed, the dimensions should be sufficient enough to allow testing of the mechanical properties. For this
additional test piece, the welding parameter range, parent material group, filler metal and heat treatment are required to
be the same.

8 © IS0 2017 - All rights reserved
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Table 2 — For level 2: Examination and testing of the test pieces

Test piece Type of test Extent of testing Footnote
Butt joint with full Visual testing 100 % —
penetratior} — Figure 1 Radiographic or ultrasonic testing 100 % a
and Figure 2
Surface crack detection 100 % b
Transverse tensile test 2 specimens —
Transverse bend test 4 specimens ¢
Impacttest 2 sets d
Hardness test required e
Macroscopic examination 1 specimen —
T- joint with full Visual testing 100 %
pene'tration o Surface crack detection 100 % b
Figure 3
Blanch connection with Ultrasonic or radiographic testing 100 % ag
full penetration — Hardness test required e
Figure 4 Macroscopic examination Zspecimens
f
Fillet weld — Figure 3 and Visual testing 100 %
Figure 4 Surface crack detection 100 % b
' Hardness test required e
Macroscopic examination 2 specimens

a  |Ultrasonic testing shall not be used for t < 8 mm andmot for material groups 8, 10, 41 to 48.

b |Accessible weld surfaces: penetrant testing or magnetic particle testing. For non-magnetic materials, penetrant
testling.

¢ |For bend tests, see 7.4.2.

d  |One set in the weld metal and one set\in)the HAZ for materials 212 mm thick and having specified impadt properties
reqpired by technical delivery conditigns .and/or if appropriate according to the service conditions. Applicatign standards
may require impact testing below 12:mm thick. The testing temperature shall be chosen by the manufacturerfwith regard
to the application or application standards. For additional tests, see 7.4.4.

e |Not required for parent.metdls: sub-group 1.1, groups 8 and 41 to 48 and dissimilar joints between these groups,
except for dissimilar joints-between sub-group 1.1 and group 8.

f |Where mechanical(properties are required by an application standard, it shall be tested accordingly. If qn additional
test| piece is neededy{thé¢"dimensions should be sufficient enough to allow testing of the mechanical properties. For this
addjitional test pieCe-the welding parameter range, parent material group, filler metal and heat treatment ar¢ required to
be the same.

& |For outsidé“diameter <50 mm, no ultrasonic testing is required, but radiographic testing is required provjded that the
joinit configuration will provide valid results. For outside diameter >50 mm and where it is not technically posgible to carry
outfultfasonic testing, a radiographic testing shall be carried out provided that the joint configuration will grovide valid
resyts,

7.2 Location and taking of test specimens
Test specimens shall be taken in accordance with Figures 5, 6, 7 and 8.
For location of hardness and impact specimens, 8.4.2 shall be considered.

It is acceptable to take the test specimens from locations avoiding areas which have imperfections
within the acceptance limits for the NDT method(s) used.

© IS0 2017 - All rights reserved 9
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Key

33—

4—_
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25

Dimensions in millimetres

discard

welding

area fo:

— 1td
— ben

area fof:

— imp

area fof:

— 1td
— ben

area foi:

— 1n
— 1h

25 mm
b direction

nsile test specimen

d test specimens

nsile test specimen
d test specimens

acro testspecimen
irdness.test specim

NOTE Not ‘10 scale.

10

5—

/

CCCCCCCCCCCCCCCCCCCqraeCel(

25

en

act and additional test specimens if required

Figure 5 — Location of test specimens for a butt joint in plate
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Key]
1 |end of weld
2 |area for:

— 1 tensile test specimen

— bend test specimens

3 |areafor:

— impact and additional test specimens if required
4 |area for:

— 1 tensile test specimen

— bend test specimens

5 |start of weld; area for:

— 1 macro test specimen

— 1 hardness test specimen.(taken from the start of weld)
6 |weld direction

NOTE Not to scale.

Figure 6 — Location of test specimens for a butt joint in pipe

© IS0 2017 - All rights reserved
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Key

Bow N R

Key

Dimensions in millimetres

discard

macro fest specimen

macro 4

welding

o
1
T2
o v Y\ —
) 4
A A

25 mm

ind hardness test specimen
b direction

Figure 7 — Location of test specimens in a T-joint

A macro and hardness test specimen to be taken

B
a

12

macro test specimen to be taken

branch

angle

Figure 8 — Location of test specimens for a branch connection on pipe
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7.3 Non-destructive testing

All non-destructive testing in accordance with 7.1 shall be carried out and accepted on the test pieces
prior to cutting of the test specimens. The discard (see Figure 5 and Figure 7) shall not be considered
for NDT. Any post-weld heat treatment (PWHT) that is specified shall be completed prior to non-
destructive testing.

For materials that are susceptible to hydrogen induced cracking and where no post-heating or no PWHT
is specified, non-destructive testing shall be delayed.

Depending upon joint geometry, materials and the requirements for work, the NDT shall be carried
outfas required in Table 1 and Table 2 in accordance with [SO 17637 (visual testing), ISO [17636-1 or
[SO[17636-2 (radiographic testing), ISO 17640 (ultrasonic testing), ISO 3452-1 (penetraht te¢sting) and
[SO[17638 (magnetic particle testing). Acceptance levels shall be in accordance with 75

7.4 Destructive testing

7.4{1 Transverse tensile test

Spefimens and testing for transverse tensile testing for butt join® shall be in accordance with
[SO|4136. The test shall represent the whole thickness except as ne€cessary to obtain parallel sides on
the|specimens. Tensile testing shall ensure all welding processes used and the associatefd essential
varjables are tested.

NOTE It is not essential to overlap the specimens as identified in ISO 4136.

For|pipes >50 mm outside diameter, the excess weld-metal shall be removed on both faces|to give the
test specimen a thickness equal to the wall thickness of the pipe.

For|pipes <50 mm outside diameter, for which\the transverse tensile test is performed on the full pipe,
thelexcess weld metal may be left undressedyon the inside surface of the pipe.

The tensile strength of the test specimén shall not be less than the corresponding specified minimum
valye for the parent metal unless otherwise specified prior to testing.

For|dissimilar parent metal jeilits, the tensile strength shall not be less than the minimum value
sperified for the parent matetial having the lowest tensile strength.

7.4{2 Bend test
Sperimens and testing for bend testing for butt joints shall be in accordance with ISO 5173:2009.

For|thicknesses™<12 mm, two root and two face bend test specimens shall be tested. For thicknesses
212 mm, fourside bend specimens may be used instead of root and face bend tests.

For|dissimilar metal joints or heterogeneous butt joints in plates, one root and one face lgngitudinal
benld test specimen may be used instead of four transverse bend tests.

During testing, the test specimens shall not reveal any imperfection >3 mm in any direction.
Imperfections appearing at the corners of a test specimen during testing shall be ignored in the
evaluation.

7.4.3 Macroscopic examination

The test specimen shall be prepared and etched in accordance with ISO 17639 on one side to clearly
reveal the fusion line, the HAZ and the build-up of the runs.

The test specimen shall include unaffected parent metal and shall be recorded by at least one
photograph of macro cross-section per procedure test.

© IS0 2017 - All rights reserved 13
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The acceptance levels shall be in accordance with 7.5.

7.4.4 Impact testing

Test specimens and testing for impact tests shall be in accordance with this document for location of
specimens and temperature of testing, and with ISO 9016 for dimensions and testing. The striker radius
of 2 mm according to ISO 148-1 shall be used, unless otherwise specified.

For weld metal, test specimen type VWT (V: Charpy V-notch - W: notch in weld metal - T: notch through
the thickness) and for HAZ specimen type VHT (V: Charpy V-notch - H: notch in heat affected zone - T:

notch thro

of

three spec

Specimens
transverse

In the HAZ

1gh the fhirknpqq) shall he nsed. From each QpP(‘ifiPd location_each set shall he comprise
mens.

shall be sampled from a maximum of 2 mm below the upper surface of the parentmetal
to the weld.

the mid-point of the notch shall be at 1 mm to 2 mm from the fusion line.Jn'the weld m¢

the mid-p

For butt j
taken from

For joints
energy shd
application

For dissim
metal and

The avera
location, o
not less th

Where moi
additional
and type o

{

nt of the notch shall be at the weld centreline.

the root area, one set taken in the weld and one set taken from the-HAZ.

between materials with the same material specification<and designation, the absor
1l be in accordance with the appropriate parent materiahstandard unless modified by
standards.

lar metal joints, impact tests shall be carried out on specimens from the HAZ in each pa
he absorbed energy shall be in accordance with:the appropriate parent material standar

he individual value may be below the minithum average value specified, provided that
in 70 % of that value.

e than one welding process or type'of covering and fluxes are qualified in a single test pi
mpact test specimens shall be taken from the weld metal and HAZ that include each pro
F covering and fluxes.

74.5 H

Vickers hardness testing withha load of HV 10 shall be performed in accordance with ISO 901

Hardness
order to eV

For weld thicknesséesyess than or equal to 5 mm, only one row of indentations shall be made at a de

ofup to 2 n

For weld tH

rdness testing

easurements _shall be taken in the weld, the heat affected zones and the parent meta
aluate the range’of hardness values across the welded joint.

hm belew the upper surface of the welded joint.

and

ptal,

nts where the material thickness is ¢ > 50 mm, two additional sets.of specimens shall be

bed
the

rent
d.

be value of the three specimens shall meet*the specified requirements. For each ng¢tch

it is

Ece,
Less

pth

icknesses over 5 mm, one row of indentation from each side shall be made at a depth of uP to

2 mm fron

+1 £
LIIC SUI'ldlc.

For double sided welds, one additional row of indentations shall be made through the root area.
Examples of typical indentation patterns are given in ISO 9015-1.

Where more than one welding process is used, each welding process has to be tested by at least one row

of indentat

ion.

For each row of indentation at least three individual indentations shall be made in each of the
following areas:

the we

14

1d;

both heat affected zones;
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For the HAZ, the first indentation shall be placed as close to the fusion line as possible.

both parent metals.

ISO 15614-1:2017(E)

The results from the hardness test shall meet the requirements given in Table 3. However, requirements
for groups 6 (non-heat treated), 7, 10 and 11 and any dissimilar metal joints shall be specified prior to

testing.
Table 3 — Permitted maximum hardness values (HV 10)

Steel groups ) ] ‘
ISO/TR 15608 NoOIfn-neat tredieda Heattroeated
12,25 380 320
3P 450 380
45 380¢ 350¢
0 — 350
9.1 350 300
9.2 450 350
9.3 450 350

If hardness tests are required.

For steels with min Reg > 890 MPa, special values shall be specified:

For certain materials, higher values may be accepted, if specified\before the welding procedure test.

7.5
The

NOT1
tech

Acceptance levels

niques is given in [SO 17635.

Table 4 — Acceptance levels for imperfections

acceptance levels for imperfections corresponding to level 1 and level 2 are given in Tabje 4.

E The correlation between the qualitylevels of ISO 5817 and the acceptance levels of the different NDT

ISP 5817 | 1S0 6520-1 Designation Level 1 Level 2
REf. no. Ref. no. Quality level
to [SO 5817
1.1 100 Crack Not permitted B (not
pearmitted)
1.5 401 Lack of fusion (incomplete fusion) Not permitted B (not
pdrmitted)
1.6 4021 Incomplete root penetration Not permitted B (not
pdrmitted)
17 5011 Continuous undercut No specific c
5012 Intermittent undercut requirements
1.9 502 Excess weld metal (butt weld) No specific C
requirements
1.10 503 Excessive convexity (fillet weld) No specific C
requirements
1.11 504 Excess penetration No specific C
requirements
1.12 505 Incorrect weld toe No specific C
requirements
a  Ifrequired by the application standard or specified, micro crack sensitive materials may need specific examination.
© IS0 2017 - All rights reserved 15
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Table 4 (continued)
IS0 5817 | IS0 6520-1 Designation Level 1 Level 2
Ref. no. Ref. no. Quality level
to ISO 5817
1.16 512 Excessive asymmetry of fillet weld (excessive h <3 mm B
unequal leg length)
1.21 5214 Excessive throat thickness No specific C
requirements
— — All other imperfectionsa No specific B
FOGHHFEHIeRES
a  Ifrequifed by the application standard or specified, micro crack sensitive materials may need specific examinatioy.
7.6 Re-testing
If the test piece fails to comply with any of the requirements for NDT, one further test piece shall be

welded andl subjected to the same examination. If this additional test piece does, ot comply with
nts, the welding procedure test has failed. Alternatively, an analysis may be perforined

requireme
to determif
procedure
of the evid

If any test
test piece ¢
same weld
macro sect

In the cas
additional
if adequate
specimen |

Each addit
If any of th
shall be co

For hardne
in Table 3,
sufficient j
maximum

For impact
with not m
specimens
and the av

ne the main cause of the defect. If it is established that the main-cause of failure is

ence shall be added to the report.

specimen required by Table 1 or Table 2 fails to meet thejyapplicable acceptance criteria,
hall be considered as failed. In the case of failure of the test piece, a new test piece with|

ion test failed, two additional test specimens for nfacro section test can be taken.

a)
-

of failure of any destructive test specimen, except for macroscopic examination,

material is available. The test specimens shall be taken as close as possible to the orig
Dcation.

onal test specimen shall be subjected to the same tests as the initial test specimen that faj
e additional test specimens do not comply with the requirements, the welding procedure
hsidered failed.

ss tests, if there are singleé hardness values in different test zones above the values indic3

reparation of the\tésted surfaces). None of the additional hardness values shall exceed
hardness values.given in Table 3.

tests, where-the results from a set of three specimens do not comply with the requireme
pre than‘one value lower than 70 % of the specified minimum average value, three additi
shall.be taken. The new set of three specimens shall comply with the requirement of }
brage value of these specimens together with the initial results shall not be lower than

the

not

related and due to insufficient welder's skill, no additional test piece is needed and a report

the
the

Ing parameters may be welded. If all destructive tests’provide acceptable test results and a

fwo

fest specimens may be removed from the otiginal test piece for each test specimen that fajiled

inal

led.
test

ted

hn additional row of indentation may be carried out (on the reverse of the specimen or affter

the

nts,
nal
4.4
the

required a

yetdge.

8 Range of qualification

8.1 General

Changes outside of the ranges specified shall require a new welding procedure test.

8.2 Related to the manufacturer

A welding procedure test according to this document prepared by a manufacturer is valid for welding
in workshops or sites when the manufacturer who performed the welding procedure test retains
complete responsibility for all welding carried out to it.

16
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8.3 Related to the parent material
8.3.1 Parent material grouping

8.3.1.1 General

In order to minimize the number of welding procedure tests, steels, nickel and nickel alloys are grouped
according to ISO/TR 15608. Where materials are assigned to groups by ISO/TR 20172, ISO/TR 20173 or
ISO/TR 20174, those assignments shall be used.

SeppTate welding procedure quatifications are Tequired for eacit parent matertar or parent material
conjbinations not covered by the grouping system according to ISO/TR 20172, ISO/[TR 20173,
ISOfTR 20174 or ISO/TR 15608.

Permanent backing material shall be considered as a parent metal within the approval (sub-)group.

8.3]1.2 Steels

The ranges of qualification are given in Table 5.

8.3/1.3 Nickel alloys

The ranges of qualification are given in Table 6.

8.3]1.4 Dissimilar joints between steels and nickel’alloys

The ranges of qualification are given in Table 6.

Table 5 — Range of qualification for steel groups and sub-groupsab.c

Tekt piece Test piece material B
material A| 4 2 3 4 5 6 7 8 9 10 11
1 1-1 — — . V— — — — — — — —
11 R
11 O
2 2-1 — — — — — — — — —
2-1 .
2-2
1-1
1-1
2-1
1-1 2-1
2-2
3 2-1 2-2 — — — — — — — —
3-1
3-1 3-1
3-2
3-2
3=3
4-1
a1 | | a2
4 4-1 42 4-2 4-3 — — — — — — —
4-3 4-4
a  Test piece materials in groups 1, 2, 3 and 11 qualify the equal or lower specified minimum yield strength steels
(independent of the material thickness).
b Test piece materials in groups 4, 5, 6, 8 and 9 qualify steels in the same sub-group and any lower sub-group within the
same group.
¢ Test piece materials in groups 7 and 10 qualify steels in the same sub-group.
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https://standardsiso.com/api/?name=1e9185ccb4eb5a0abe08ce7e58896a65

ISO 15614-1:2017(E)

Table 5 (continued)
Test piece Test piece material B
material A| 4 2 3 4 5
5-1
5 5-1 5-2 5-3 5-4 5-2
5-5
6-1
6-1
o+ 62
6-1 6-2
6 6-1 6-2 6-3
6-2 6-3
6-3 6-4
6-4
6-5
7-1
7-1
7 7-1 7-2 7-4 7-5
7-2 7.3
8-1
8-1 8-2
8 81 | 57 | 82 | 84 | 84
8-3 8-5
8-6
9-1
9-1
9 9-1 9-2 9-4 9-5
9-2
9-3
1040}
10-1 10‘%]\'
10 101 | 101 1 505 | 1o |10
10-2 \_10-4
10-3 .
| 10-5
0 106
111
111 | 111 -
11 11 112 1 @ 11-4 11-5 11-6 11-7 11-8 11-9 11-10 114
11-11
a  Test pigce materials i ps 1, 2, 3 and 11 qualify the equal or lower specified minimum yield strength stgels
(independert of the materi ickness)
b Test piefe materi groups 4, 5, 6, 8 and 9 qualify steels in the same sub-group and any lower sub-group within|the
same group.
¢ Testpie :eéﬁ(z;als in groups 7 and 10 qualify steels in the same sub-group.
@

18
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Table 6 — Range of qualification for nickel alloy and nickel alloy/steel groups

Test piece Test piece material B
material A 41 42 43 44 45 46 47 48
41 41c-41 = — = = = = =
42 42¢-41 42c-42 = = = = = =
43¢-43
43 43c-41 43c-42 45c-45 = = = = =
47c-47
44 44c.41 44c-42 44c-43 44c.44 — — — —
45 45¢-41 45¢42 | 45¢43 | 45c44 | BOCA> L _ LM -
43c-43 AQ
46 46¢-41 46¢-42 46¢-43 46¢-44 46¢-45 46¢-46 1< .V —
47c-47
47 47¢-41 47¢-42 47¢-43 47¢-44 47¢-45 47¢-46 43c-43 =
45c-45
48 48¢c-41 48¢-42 48¢-43 48c-44 48¢-45 4846 48¢-47 48¢c-48
1 471c-1 42¢-1 43c-1 44c-1 45¢-1 46¢-1 47¢-1 48¢c-1
2 4]c-2a 42c-2a 43c-2a 44c-2a 45c-23 46¢-2a 47c-2a 48c-2a
47c-1 42¢-1 43c-1 44c-1 45¢41 46¢-1 47¢-1 48¢c-1
41c-3a 42c-3a 43c-3a 44c-3a 45¢-3a 46¢-3a 47c-3a 48¢c-3a
3 471c-2 42¢-2 43c-2 44c-2 45¢-2 46¢-2 47c¢-2 48¢-2
41c-1 42¢-1 43c-1 44c-1 45c-1 46¢-1 47¢-1 48¢c-1
471c-5b 42¢c-5b 43c-5b 44c-5b 45¢-5b 46¢-5b 47¢c-5b 48¢-5b
41¢-6 42¢-6 43¢-6 44¢-6 45¢-6 46¢-6 47¢-6 48¢-6
5 4]1c-4 42c-4 43c-4 44c-4 45¢-4 46¢-4 47¢-4 48¢c-4
471c-2 42¢-2 43c¢-2 44c-2 45¢c-2 46¢-2 47¢-2 48¢-2
41c¢-1 42c-1 43c-} 44c-1 45¢-1 46¢-1 47¢-1 48¢c-1
4]1c-6b 42c-6b 43c-6b 44c-6b 45¢-6b 46¢-6b 47c-6b 48c-6b
6 41c-4 42¢c-4 43c-4 44c-4 45¢c-4 46¢-4 47¢-4 48¢c-4
41c-2 42¢-2 43c-2 44c-2 45¢-2 46¢-2 47¢-2 48¢-2
41c-1 42¢1 43c-1 44c-1 45¢c-1 46¢-1 47¢1 48¢c-1
8 471c-8b 42¢:8b 43c-8b 44c-8D 45¢-8b 46¢-8b 47c-8b 48c-8b
11 41c-11 42¢-11 43c-11 44c-11 45c¢-11 46¢-11 47¢-11 48¢-11
a  |Covers the equal or lowerspecified yield strength steels of the same group.
b |Covers steels in thesame sub-group and any lower sub-group within the same group.
¢ |For groups 41 ro 48, a procedure test carried out with a solid solution or precipitation hardening alloy in a group covers
all Jolid solutionswerprecipitation hardening alloys, respectively, in the same group.
8.3{2 Material thickness
8.3 2 F—6General

Limits of qualification of both the parent material and deposited metal shall be as shown in Tables 7
and 8. The deposited metal limits qualified shall not be exceeded in production welds except that the
fillet weld thickness shall not be considered.

Both parts of the parent material to be welded shall be within the limits of thickness qualified, except
that for dissimilar thickness parent materials there is no limit on the thickest part provided the
qualification was performed on parent material of 30 mm or greater.

For multi-process qualification, the recorded thickness of the deposited metal of each process shall be
used as a basis for the range of qualification for the individual welding process.
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It is not intended that deposited metal thickness or base metal thickness or outside pipe diameters
should be measured precisely, but rather the general philosophy behind the values given in Tables 7, 8
and 9 should be applied.

8.3.2.2 Range of qualification for butt joints, T- joints, branch connections and fillet welds

The qualification of a welding procedure test on thickness t shall include qualification for thickness in
the following ranges given in Table 7 and Table 8.

For level 1: Any butt weld or flllet weld tests For level 2: The range of quallflcatlon of flllet welds
qualify all fillet sizes and ¢ aterial thicknesses A

For procespes 114, 12 and 13 in which any pass is weld test is glven in Table 8

greater thdn 13 mm thick, the maximum parent
metal thickness qualified shall be 1,1 ¢.

When imp{ct testing is a requirement, the
following gpplies:

— for test pieces 16 mm thick or greater, the
minimum thickness qualified is 16 mm;

— for tes{ pieces less than 16 mm thick, the
minimum thickness qualified is the thickness of
the test pidce;

— for tesf piece thicknesses 6 mm and thinner,
the minimyim thickness qualified is 0,5 times the
thickness qf the test piece.

Table|7 — Range of qualification for butt welds‘material thickness and deposited metal
thickness

Dimensions in millimef{res

Range of qualification
Tltl;lt(;fes ?eOf Parent material thickness Deposited weld metal thickness for
t Level 1 Level 2 each process
Single run | Multi-run s
t<3 0,5tto2t max. 2 s
3<t<12 1,5to 2t |95t (3 min)to1,3¢ 3to2ta max. 2 sa
12<t<20 5to 24 0,5ttol,1¢t 0,5tto2t max.2s
20<t<40 5t02¢t 0,5ttol,1¢t 0,5tto2t max. 2 s when s <20
max. 2 t when s = 20
40<ts1|00 5to 200 — 0,5tto2t max. 2 s when s < 20
IId X. ZGG WllCll S = 20
100 <t<150 | 5to200 — 50to2t max. 2 swhen s < 20
max. 300 when s = 20
t>150 5to1,33¢t — 50to2¢t max. 2 s when s <20
max. 1,33 t when s = 20
a  Forlevel 2: when impact requirements are specified but impact tests have not been performed, the maximum thickness
of qualification is limited to 12 mm.
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Table 8 — For level 2: Range of qualification for material thickness and throat thickness of

fillet welds
Dimensions in millimetres
Range of qualification
Thickness of test piece Throat thickness
t Material thicknessa
Single run Multi-run
t<3 0,7tto2t 0,75ato1,5a No restriction
3<t<30 3to2t
t=250 >5

the

a

Wh

NO’

cald

deposited weld metal.

'E aisthe nominal throat thickness as specified in pWPS for the test piece.

ulated separately.

bre a fillet weld is qualified by means of a butt weld test, the throat thickness range shall be based on‘the

In case of different material thicknesses, the range of qualification of both thicknesses\of ‘the test pie

thickness of

ces shall be

8.3

For
var

forg
forms.

3 Diameter of pipes and branch connections

level 1: The diameter is not an essential
able. Any product form, i.e. plate, pipe,
ing or casting, qualifies for all product
Table 9,

also covers pipes when the outside diam

rotated position.

Dimensions in

For level 2: The-qualification of a welding
dure test onddiameter D shall include qug
for diametfeps in the following ranges giv

A buttweld qualification for pipes covers
weélds in plates. Qualification given for pl

>500 mm or when the outside diameter i
welded in the PC, in PF rotated position ¢r in PA

Table 9 — For level 2: Rangeof qualification for pipe and branch connection diam

f proce-
lification
en in

butt

ates

bter is

s >150 mm

eters

millimetres

Diameter ofthe test
piece

Range of qualification

D >0,5D

con

NO7]
NO']

'E 1 For hollow section other than circular (for example, elliptic), D is the dimension of the smaller side.

'E 2 D is thefoutside diameter for the pipe of a butt weld or the outside diameter of the branch pipe
hection (see Rigure 4, outside diameter Dy).

for a branch

8.3

For

an essential variable.

©IS

4 Angle of branch connection

lasial 1. T I 1 2. A

=] 1d
TOT ICVCT Z. 7Y wWiTItr

HETO TP = PR Lol
g proccaarc t\,ot ououl be car-

-l raaack PR fFicaa 3o oo ok
TCVeT T T nCangrc o o arrcIr COoTmec o 15 110T

ried out on a branch connection with angle a (see

Figure 4). A test piece made with a branch angle

(a) between 60° and 90° in the procedur
qualifies the angle 60° < @ < 90°. An angl

e test
ea<60°

requires a separate test piece and qualifies angles

from a up to 90°.

02017 - All rights reserved

21


https://standardsiso.com/api/?name=1e9185ccb4eb5a0abe08ce7e58896a65

ISO 15614-1:2017(E)

8.4 Common to all welding procedures

8.4.1 Welding processes

For level 1: The degree of mechanization is notan For level 2: Each degree of mechanization shall be

essential va

The qualifi

For multi-yj
welding pr
as a multi-

For level 1:

consumable are used in a single test piece, each

process an
or in differ|

a) the)
and consu

b) the
thickness 1

consumable are restricted in the pWPS to the

thickness |

8.4.2 Wg

When neither impact nor hardness requirements are-specified, welding of the test piece in any posi

(pipe or pl
For qualifi

speci

speci

To satisfy

required, U
qualificati
visual test

Vertical do

For materi

]

riable. qualified independently (manual, partly mecha-

nized, fully mechanized and automatic).

cation is only valid for the welding process(es) used in the welding procedure test.

VA=

W

proce eV OIl INay De ed Ou ep

pcedure tests for each welding process. It is also possible to make the welding procedure
brocess procedure test.

For level 2: When the test piece is welded with
more than one welding process, thé\procedure i
valid only for the sequence of precesses used on
the test piece. Test specimens shall include depd
ed material from each welding process used.

Where more than one process or

 consumable may be used individually
ent combinations, provided:

variables associated with each process
able are addressed in the pWPS; Back run is permitted Usihg one of the welding

parent material and deposited metal processes used in the qualification.

mits of Table 7 for each process and
used in produgtion, this single process shall be

fmits qualified. ed individually in accordance with the standard|

tlding positions

hte) qualifies for welding in all positions {(pipe or plate).

fation of all welding positions, the\folowing requirements shall be fulfilled:

ens for impact test shall be taken from the weld in the highest heat input position;
ens for hardness test shall-be taken from the weld in the lowest heat input position.

both hardness and impact requirements, two test pieces in different welding positions
nless a single positien qualification is required or in case of when a fixed pipe is used for
pn. Where qualifieation is required for all positions, both test pieces shall be subjected to
ng and furthernon-destructive methods.

wn welding (welding positions PG, PJ and J-L.045) shall be qualified by a specific test pied

hl of group 10, the lowest and highest heat input positions shall be subjected to impact test

Fate
Lest

Vi

sit-

If a single process of a multi-process qualification is

est-

fion

are
the
full

c.

ing.

NOTE
lowest heat

22

ror example, Tor butt welds 1n plate, the highest heat input position 1s normally PF and FA an

input position is PC and PE.

the
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8.4.3 Type of joint/weld

For level 1: The range of qualification for the type
of welded joints is as used in the welding pro-
cedure test subject to limitations given in other
clauses (e.g. thickness) and additionally:

a) full penetration butt welds qualify full and
partial penetration butt welds and fillet welds in
any type of joints;

ISO 15614-1:2017(E)

For level 2: The range of qualification for

the type

of welded joints is as used in the welding pro-
cedure test subject to limitations given in other

clauses (e.g. thickness) and additionally:

a) butt welds qualify full and partial penetration
butt welds and fillet welds, while fillet weld tests
are required where T-joints are performed by fillet
welds or partial penetration butt welds in the pre-

b) uttioints gualifv anv branch connections:

4 : 7 . dominant form of welded connectionsin
c) fillet welds qualify fillet welding only; relation to the design and production wilding;
d) welds made from one side without backing b) full penetration butt welds qualify fulll and

quallify welds made from both sides and welds
with backing;

e) welds made with backing qualify welds made
from both sides and welds made without backing;

f) welds made from both sides without gouging
quallify welds made from both sides with gouging;

g) welds made from both sides with or without
gouging qualify welds made from one side with
backing;

h) when impact or hardness requirements apply,
it i§ not permitted to change a multi-run deposit
intq a single run deposit (or single run on each

sidg) or vice versa for a given process;

i) build-up welding. Build up is qualified by butt
weld test piece.

© IS0 2017 - All rights reserved

partial penetration butt welds and fillet
any type of joints;

c) buttjoints in pipe qualify branch con

with an angle @ = 602(see Figure 4 for a)};

d) butt welds in T<joints with full penet
qualify full and-partial penetration butt
T-joints anddillet welds but not vice vers

e) filletawelds qualify fillet welding only;

velds in

hections
)

ration
lvelds in
b ;

4

f) welds made from one side without bajcking

qualify welds made from both sides and
backing;

welds with

g) welds made with backing qualify welds made

from both sides;

h) welds made from both sides without

removing

the root qualify welds made from both sﬁes with

removing the root (except thermal gougi

i) welds made from both sides with or v
gouging qualify welds made from one sig
backing;

g);

Fithout
e with

j) when impact or hardness requireme
is not permitted to change a multi-run d
a single run deposit (or single run on ea
vice versa for a given process;

k) build-up welding. Build up is qualifie
weld test piece;

1) buttering shall be performed by a se

ts apply, it
positinto
side) or

by butt
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8.4.4 Filler material, manufacturer/trade nam

For level 1: A change from one filler metal
F-number as shown in Table A.1 to another or a
change in the weld metal chemical analysis from
one A-number shown in Table A.2 to another or
a change in the manufacturer or the manufactur-
er’s trade name when the filler metal does not
conform to an F-number and an A-number
requires a separate qualification.

e, designation

For level 2: Filler materials cover other filler
materials as long as, according to the designation
in the appropriate international standard for the
filler material, they have equivalent mechanical
properties, same type of covering or flux core,
same nominal chemical composition and the same
or lower hydrogen content.

When impact testing is required by the

When the
application
tion within
metal not ¢
or from on
metal spec
not covere
requires a

conforms t
filler meta
required if]
following:

(VPS5 1s to be qualified for impact-tested
s, a change in the filler metal classifica-
a filler metal specification or to a filler
overed by a filler metal specification,

e filler metal not covered by a filler
ification to another filler metal that is

1 by a filler metal specification,
re-qualification. When a filler metal

o a filler metal classification within a
specification, re-qualification is not

a change is made in any of the

iller metal that is designated as
esistant to one that is not designated
b-resistant and vice versa;

a) froma
moisture-n
as moistur

b) from ome diffusible hydrogen level to another;

c) for carhon, low alloy, and stainless steel filler
metals havling the same minimum tensile strength
and the same nominal chemical composition, a
change from one low hydrogen coating type to
another loy hydrogen coating type;

d) from ome position-usability designation to
another fof flux-cored electrodes;

e) from a ¢lassification that requires impact
testing to the same classification-which has a suffix
which indi¢ates that impacttesting was per-
formed at 3 lower temperatute or exhibited greater
toughness pt the required-temperature or both,

as compargd to thelassification which was used
during profedure.qualification; from the classifi-
cation qualified to-another filler metal within the
same filler|mietal specification when weld metal

application standard at temperatures less than
-20 °C, for processes 111, 114, 12, 136 and 132
according to ISO 4063, the range of validity-is
restricted to the manufacturer trade name of th
filler material used in the procedureltést. In thij
case, it is also permissible to change‘the manufa
turer of filler material to anothef>with the same
compulsory part of the designation provided on
additional test piece is welded using the maxim
heat input qualified and only weld metal impact
test specimens shall betested. This does not apj
to solid wire and rods with the same designatio
and nominal chémical compositions.

impact tEbLiug, TSTIOtT cquil ed by the appliuaiiuu
standards.

8.4.5 Filler material size

It is permitted to change the size of filler material p

NOTE When neither impact nor hardness testing is

24

rovided that the requirements of 8.4.7 are satisfied.

required, there is no limitation on filler material size.
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8.4.6 Type of current

The qualification is given for the type of current [alternating current (AC), direct current (DC), pulsed
current] and polarity used in the welding procedure test. For process 111, alternating current also
qualifies direct current (both polarities) unless impact testing is required.

8.4.7 Heatinput (arc energy)

The heat input can be replaced by arc energy (J/mm). The arc energy shall be calculated in accordance
with ISO/TR 18491 When usmg the calculatlon for the heat 1nput the kfactor according to
ISO S . S . . put ¢ ry, shall be
doc mented

For|level 1: When impact requirements apply, the For level 2: When impact requiremernts apply, the
upper limit of heat input qualified is the maximum upper limit of the heat input qualified is 25 %

heaf input used when welding the test piece. greater than used in welding the test piece. When
hardness requirements apply, the lower |imit of the
heat input qualified is 25 % lower than that used

in welding the test piece. If welding procpdure test
has been performédiat both a high and allow heat
input level, then:all intermediate heat input levels
are also qualified. It is not necessary to dalculate
every rung

For|covered electrode, the heat input average shall bececalculated for each used diameter |n order to
define the qualified heat input.

For[process 111, the heat input may also be measufied by the run out length per unit length of electrode.

When the welding time is too short and when ‘the length of the weld is not significant (e.g. for small
repgir, for tack welds), the heat input need<hot to be verified; only the adjustable parameter§ should be
cherked like amperage and/or voltage.

Arc|energy and heat input are measures of the heat generated by the arc. Whereas, in the jpast, these
welile different terms for the same measure, they are now calculated in different ways. Either|arc energy
or heat input may be used forywelding control, calculated in accordance with ISO/TR 18491.

8.4/8 Preheat temperature

A decrease of morethan 50 °C from the recorded preheating temperature on the WPQR requires a re-
quallification.

A decrease of the preheating temperature is permitted only if the requirements concerning preheating
(especiallysthe combined thickness) are fulfilled, e.g. [ISO/TR 17671-2.

The pre-heat temperature may be specified, e.g. by a material data sheet, and will dep¢nd on the
matertat tittckness:

8.4.9 Interpass temperature

An increase of more than 50 °C in the maximum interpass temperature reached in the welding
procedure test shall require re-qualification.

An increased preheat temperature intentionally applied during welding of the capping passes to reduce
hardness in HAZ of a welding procedure test shall be considered as an essential variable. Both minimum
preheat temperature applied and the preheating temperatures applied during welding of the capping
passes shall be reported.
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For level 1:

This limitation does not apply when  For level 2: The upper limit of the qualification is

impact test is not required. the highest interpass temperature reached in th
welding procedure test for material groups 8, 10

and 41 to 48.

e

This limitation does not apply when a WPS qualified with a PWHT above the upper transformation
temperature or when an austenitic material is solution annealed after welding.

8.4.10 Post-heating for hydrogen release

ons

For level 1{Post-heating for hydrogen release is For level 2: The temperature and duration of

not an ess¢gntial variable. post-heating for hydrogen release shall not be
reduced. Post-heating shall not be omitted,-but may
be added.

8.4.11 Heat-treatment

Addition of deletion of post-weld heat-treatment is not permitted.

A separate[procedure qualification is required for each of the following conditions:

a) For ISQ/TR 15608 groups 1, 2, 3,4, 5, 6, 7,9, 10 and 11 materials;the following PWHT condit

apply:

1) PV
2) PV

3) PV
loy

4) PV

For ley
proced
holdin

b) Forall
8.5 Speq

8.5.1 Su

A change a

VHT below the lower transformation temperature (€:g/stress relieving);
VHT above the upper transformation temperatute (e.g. normalizing);

VHT above the upper transformation température followed by heat treatment below
ver transformation temperature (e.g. normalizing or quenching followed by tempering);

VHT between the upper and lower transformation temperatures.

bel 2: The temperature range validated is the holding temperature used in the welc
ure test + 20 °C unless otherwise specified. Where required, heating rates, cooling rates
b time shall be related to the'product.

other materials, PWHT within a specified temperature range applies.
ific to processes

bmerged-arc welding (process 12)

5 described below requires a re-qualification.

the

ling
and
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For level 1:

a) A change in the minimum tensile strength
when the flux/wire combination is classified in
filler metal specification. A change in either the
flux trade name or wire trade name when neither
the flux nor the wire is classified. A change in the
flux trade name when the wire is classified but the
flux is not.

b) A change in the flux trade name for A-No. 8
or

daepnaciteacchaowzn i Tohla A 9D
W Bre s

ISO 15614-1:2017(E)

For level 2:

a) Each variant of process 12 (121 to 126) shall be
qualified independently. Any change in the number
of electrodes requires re-qualification. Any addition
or deletion of wires (cold wire or hot wire) shall
require re-qualification. Also, a change of more
than £10 % of the ratio of the supplementary filler
material to the electrode requires re-qualification.

b) The qualification of the welding procedure
tactic vnni—rinf-nrl o ame and

T PoOSTTS, ™o~ o1t

c) |fthe weld metal alloy content is dependent
upan the composition of the flux, any change in
thewelding procedure which would result in the
important weld metal alloying elements being
outside the specified chemical composition range
of the WPS.

d) |An addition or deletion of supplementary
fillgr metal (powder or wire), or a change of more
than £10 % in the ratio of electrode to supplemen-
tal filler material.

e)

vicH

A change in flux type (i.e. neutral to active or
versa) for multi-run welds for material groups
1 afjd 11 according to ISO/TR 15608.

f) When flux from re-crushed slag is used, each
bat¢h or blend shall be tested in accordance with
theffiller metal specification requirements by
either the manufacturer or user, or qualified.as an
unclassified flux as required by a).

g) When the WPS is to be qualified forim-
pacf-tested applications, re-qualification is re-
quired if there is a change in the'flux/wire classi-
fication or a change in either the electrode or flux
trade name when not classified in a filler metal
spefification. Re-qualifi€ation is not required
wh¢n a wire/flux combination conforms to a filler
metjal specification-aiid a change is made from one
diffusible hydrogenlevel to another. This variable

does not apply'when the weld metal is exempt from

impact testing’by other application standards.

8.5]27) Gas-shielded metal arc welding (process 13)

TCotTToTCotrIicteoto

maanufactiirny frada
HahRdraecrersttFaae

designation of the flux used in the test.

¢) When flux from re-crushed slag'is used, each
batch or blend requires a new qualificatipn test.

8.5.2.1 Shielding gases

The qualification is restricted to nominal composition of the shielding gas used in the procedure
test. The designation of ISO 14175 may be used to specify the shielding gas composition, e.g.

ISO 14175:2008-M21-ArC-18.

A deviation of max. #20 % (relative) of the nominal composition of the CO; content is allowed.

However, an intentional addition or deletion of maximum 0,1 % of any gas component does not require

a new welding procedure test.

© IS0 2017 - All rights reserved
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8.5.2.2 Process variants

A change a

For level 1:
more than

filler metal. Where the alloy content of the weld

s described below requires a re-qualification.

The addition, deletion, or change of
10 % in the volume of supplemental
test (e.g. single-wire or multiple-wire system).

metal is largely dependent upon the composition of
the supplemental filler metal, any change in any part
of the welding procedure that would result in the

important

alloying elements in the weld metal being

outside of
in the weld

When the \
application
change fro
acting in th

8.5.23 1

8.5.2.3.1

he specification range of chemistry given
ing procedure specification.

(VPS is to be qualified for impact-tested

s, re-qualification is required if there is a
m single electrode to multiple electrode
e same weld pool or vice versa.

ransfer mode

General

For level 2: The qualification given is restricted
to the wire system used in the welding procedure

For solid and metal cored wires, the qualification using short circuiting transfer qualifies only short

circuiting
globular tr,

8.5.2.3.2

When a ¢

transfer. Qualification using spray, pulse or globulay transfer qualifies spray, pulse
ansfer.

For level 2 — Waveform controlled welding

ower source with waveform control~(see ISO/TR 18491) is used, the power so

manufact

informatiop.

Change fr
waveform

8.5.2.3.3

When a po
shall be re

Change frd
qualificati

8.5.2.3.4

hn test.

er and waveform control mode shallberecorded on the WPQR including all other perti

m one manufacturer to another manufacturer of the power source or a change in
control mode requires a new-gualification test.

For level 2 — Welding with pulsed mode (without waveform control)

i

and

rce
ent

the

wer source withrpulsed mode is used, the identification of the power source manufactiirer

forded on the WPQR including all pertinent information.

m one manufacturer to another manufacturer of the power source does not require a

For level 2 — Welding without pulsed mode and without waveform control

lew

When the power source used to qualify a WPQR has been used without waveform control, an

identificati

on of the power source manufacturer is required.

Change from one manufacturer to another manufacturer of the power source does not require a new
qualification test.
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8.5.3 Gas-shielded arc welding with non-consumable electrode (process 14)

8.5.3.1 Shielding gases

The qualification isrestricted to nominal composition of the shielding gas used in the procedure test. The
designation of ISO 14175 may be used to specify the shielding gas composition, e.g. ISO 14175:2008-13-
ArHe-30.

A deviation of max. #10 % (relative) of the nominal composition of the helium content is allowed.

However, an intentional addition or deletion of maximum 0,1 % of any gas component does not require
a ngw welding procedure test.

8.5)3.2 Filler material

Welding with filler material does not qualify for welding without filler material,orwvice versg.

8.5[4 Plasma arc welding (process 15)

Quglification of the welding procedure is restricted to the nominal‘composition of plasmja gas used
in the welding procedure test. The qualification is restricted to noiminal composition of the shielding
gas|used in the procedure test. Welding with filler material does not qualify for welding without filler
material or vice versa.

Ifimpact tests are required, a change in the type of joint preparation (groove) requires a re-qualification.

8.5]5 Oxy-acetylene welding (process 311)

Welding with filler material does not qualify ferpwelding without filler material or vice versd.

8.5/6 Backing gas

Forllevel 1: For material groups 7.1 and*41 to 48,  For level 2: A butt weld procedure test mjade
delgtion of backing gas or change in the backing  without backing gas qualifies a welding procedure
gas|nominal composition froman‘inert gas to with group I, N1, N2 and N3 backing gas pccording
a mjxture including non-inert.gas(es) requires to ISO 14175, but not vice versa.
re-qualification. For material'groups 7.1 and 41
to 48, addition of backing.gas does not require

Main group of backing gas covers all subfgroups of
re-qualification. For-all-other material groups, }28 S&T; Sr)naln group (classification according to
thejaddition or deletion of backing gas does not '
reqpire re-qualifieation. For material groups 1 to 6 according to 150/

TR 15608, a change between group I, N1 N2 and
N3 backing gas does not require re-qualification.

For material groups 8 and 41 to 48, a chdnge
between group [, N and R backing gas dojes not
require re-qualification.

Any change in the backing gas classification for
material groups 7 and 10 requires re-qualification.

If production welds are made on material backing
support with a thickness greater than 5 mm, the
deletion of backing gas is acceptable.

9 Welding procedure qualification record (WPQR)

The WPQR is a statement of the results of assessing each test piece including re-tests. The relevant
items listed for the WPS in the relevant part of ISO 15609 shall be included, together with details of
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any features that would be rejectable by the requirements of Clause 7. If no rejectable features or
unacceptable test results are found, a WPQR detailing the welding procedure test piece results is
qualified and shall be signed and dated by the examiner or the examining body.

For level 1: A WPQR format shall be used to For level 2: A WPQR format shall be used to record

record details and level for the welding procedure details, range of qualification and level for the

and the test results, in order to facilitate uniform welding procedure and the test results, in order to

presentation and assessment of the data. facilitate uniform presentation and assessment of
the data.

If : 1 Licod: PSS PR | T L 1o a1 YL £1 1
requiregoy-amapprcatoir stantaaraor—a - Sspecircation, torexXampre;tirecertrrcares—oroasenetals

and weldinlg consumables shall be added to the WPQR.

An examplg of WPQR format is shown in Annex B.
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