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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
electrotechnical standardization.

The

described in the ISO/IEC Directives, Part 1. In particular the different approval criteria‘ne
different types of ISO documents should be noted. This document was drafted in accorda
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

tenance are
eded for the
hce with the

Attention is drawn to the possibility that some of the elements of this documéiit may be the subject of

patent rights. ISO shall not be held responsible for identifying any or all such-patent right

any

on tHe ISO list of patent declarations received (see www.iso.org/patents];

Any

constitute an endorsement.

For

assegsment, as well as information about ISO’s adherence to-the WTO principles in the Techn
to Trpde (TBT), see the following URL: Foreword - Supplementary information.

The
and

This
revided.

The

patent rights identified during the development of the document willbe in the Introdu

frade name used in this document is information given for the'éonvenience of users 4

hn explanation on the meaning of ISO specific termis and expressions related to

committee responsible for this document is Teechnical Committee ISO/TC 67, Material

following annexes have been added compared with the first edition:
branch and filet welding onin-service pipelines (Annex D);

yelding of Europeatronshore natural gas transmission pipelines (Annex E);
yelding of gasdistribution systems in Europe (Annex F);
qutomaticultrasonic testing of girth welds (Annex G);

time of flight diffraction techniques (AnnexI).

5. Details of
ction and/or

nd does not

conformity
cal Barriers

5, equipment

bffshore structures for petroleum, petrochemical and natural gas industries, Subcominittee SC 2,
Pipeline transportation systems for the petroleum and natural gas industries.

second edition cancels and replacesthe first edition (ISO 13847:2000), which has been technically
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Introduction

Users of this International Standard are advised that further or differing requirements might be needed
forindividual applications, usingalternative engineering solutions, particularly where thereisinnovative
or developing technology. Where an alternative is offered, it is advisable that the manufacturer identifies
any variations from this International Standard and provides details.
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INTERNATIONAL STANDARD

ISO 13847:2013(E)

Petroleum and natural gas industries — Pipeline
transportation systems — Welding of pipelines

1 Scope

This International Standard specifies requirements for the petroleum, petrochemical and natural gas
industries; I T i Tt i I fpeti of pipeline
trangportation systems which meet the requirements of ISO 13623:2009 or equivalent.

This

piped
in Ax
3 mij

exce
to w

piecd

Guid

The

(GTA

flux-

This
weld|
weld|

NOTH
opers
to pd

impa
stres

4

4

1

elding into pipelines of items such as spools, risers, launchers/recgivers, fittings, flan
s to pipeline valves.

hnce for special welding applications is provided in:
Annex B for hyperbaric welding;

Annex C for brazing and aluminothermic welding ofanode leads;

Annex D for branch and fillet welding on in-serwice pipelines.

welding processes covered are shielded metal arc welding (SMAW), gas tungsten
W), gas metal arc welding (GMAW), gas<shielded flux-cored arc welding (GSFCAW), {
rored arc welding (SSFCAW) and submierged arc welding (SAW).

International Standard is not.applicable to flash girth welding, resistance welding,
Eng or other one-shot welding processes, nor to longitudinal welds in pipe or fittin|
ing of process piping outside'the scope of ISO 13623:20009.

1 Additional requirements might be necessary for the welding of pipeline for partic
ting conditions, for, pipelines with a specified yield strength exceeding 555 MPa and for pipel
rmissible strain Criteria. These can include limitations on maximum hardness or streng
Ct toughness values, crack tip-opening displacement, all weld metal tensile testing or bend tes
5 relief, or othérs. Where appropriate, it is advisable that these additional requirements be

requirements ofthis International Standard in a project-specific supplement.

NOTH

only
gas d

2 , ‘Annex E specifies additional requirements for the welding of onshore gas supply syste
when. located in European member states. Annex F specifies additional requirements for t
ibuti ' hen | i ti n

company to specify the normative applicability of these annexes.

2 Normative references

arc welding
elf-shielded

solid-phase
gs or to the

ular pipeline
nes designed
th, minimum
ting, thermal
added to the

s applicable
e welding of
ibility of the

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

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

[SO 857-1, Welding and allied processes — Vocabulary — Part 1: Metal welding processes

ISO 3183, Petroleum and natural gas industries — Steel pipe for pipeline transportation systems

© ISO

2013 - All rights reserved
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[SO 3834 (al

:2013(E)

| parts), Quality requirements for fusion welding of metallic materials

ISO 4136, Destructive tests on welds in metallic materials — Transverse tensile test

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

ISO 5178, Destructive tests on welds in metallic materials — Longitudinal tensile test on weld metal in

fusion welde

d joints

ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 6520-1, Welding and allied processes — Classification of geometric imperfections in metallic materials —

Part 1: Fusid
ISO 6947, Wj

[SO 9015-1,
arc welded j

[SO 9712, N
[SO 10474, §

[SO 10863:2
technique (1|

ISO 13588,
technology

[SO 13623:2

[SO 13916,
and preheat

[SO 14175, |

ISO 14732, I
and automa

ISO 15609-
procedure sj

ISO 15614-1
procedure te

ISO 17636-1
techniques W

n welding
blding and allied processes — Welding positions

Destructive tests on welds in metallic materials — Hardness testing — Part 1: Hardness tq
pints

hn-destructive testing — Qualification and certification of NDT personnel
teel and steel products — Inspection documents

011, Non-destructive testing of welds — Ultrasonic testing =dse of time-of-flight diffrq
OFD)

009, Petroleum and natural gas industries — Pipeline transportation systems

Welding — Guidance on the measurement df preheating temperature, interpass temper
maintenance temperature

Velding consumables — Gases and gdas’mixtures for fusion welding and allied processes

Velding personnel — Qualification testing of welding operators and weld setters for mecha
ic welding of metallic materijals

|, Specification and quatification of welding procedures for metallic materials — We
ecification — Part 1;*Arc welding

:2004, Specification and qualification of welding procedures for metallic materials — We
st — Part 1:Axc’and gas welding of steels and arc welding of nickel and nickel alloys

:2013, Nen+destructive testing of welds — Radiographic testing — Part 1: X- and gamm
pith film

EN 1321, D4

st on

iction

Non-destructive testing of welds — Ultrasonic testings— Use of automated phased qrray

iture

hized

Iding

Iding

1-ray

structive tests on welds in metallic materials — Macroscopic and microscopic examinati

on of

welds

ASME, Boiler and Pressure Vessel Code Section V, Non-destructive examination

ASTM E1961:2011, Standard Practice for Mechanized Ultrasonic Testing of Girth Welds Using Zonal

Discriminati

on with Focused Search Units

AWS A5.01, Filler metal procurement guidelines

AWS (5.3, Recommended practices for air carbon arc gouging and cutting
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 857-1, ISO 6520-1 and the
following apply.

31

approved welder
welder who has fulfilled the requirements of this International Standard

3.2

approved welding operator

weldg

3.3
appr

weldjing procedure specification which has fulfilled the requirements of this International

3.4
arc ¢

product of welding voltage and current divided by travel speed of welding

Note
arc ef

3.5

oved WPS

nergy

1 to entry: The often-used term “heat input” corresponds more precisely to the arc energy m
ficiency factor.

auto

welding where the welding parameters and torch guidance are fully controlled mec
electironically

3.6

by agreement

agre

3.7
com
own(

Note
also |

3.8
cont
entit

39
defe
impd

atic welding

bd between the company and the contractor

pany
br company, operator or the engineering agency in charge of construction

1 to entry: The company dandct through an inspector or other authorized representative. The
e the contractor in sonte|instances.

ractor
y that perforuis the work covered by this International Standard

Ct
rfection or discontinuity exceeding the specified acceptance criteria

btandard

odified by an

hanically or

company can

3.10

girth weld
circumferential butt weld in pipe

3.11

imperfection
discontinuity
relevant indication related to welding quality

3.12

internal repair
repair of the root pass from inside the pipe

© ISO

2013 - All rights reserved
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3.13

:2013(E)

manual welding
welding where the welding parameters and torch guidance are controlled by the welder

3.14

mechanized welding
welding where the welding parameters and torch guidance are controlled mechanically or electronically,
but where minor adjustments can be manually varied during welding to maintain the required welding

conditions

3.15

1ds

one-shotw
process ch:_]:acterized by fusion or metallic bonding being induced around the entire circumferen
the pipe simultaneously

EXAMPLE

3.16
relevantin
indication fj

3.17

semi-automatic welding

welding whg
equipment i

3.18
penumbra
shadow pro
off by an int

Note 1 to ent

3.19

roll weldin
welding pro
welding pas

3.20
test piece
welded asse

u,uus Pl ULTOO

Flash welding, friction welding or pressure welding.

lication
om welding anomalies and related to weld quality

bre the welding parameters and torch guidance are controlled by the welder, but wher
hcorporate wire feeding

Huced on a radiographic image when the incident radiation is partially, but not wholl
ervening body

y: The penumbra is the region of geometrictunsharpness around the image of an indication.

D
=]

cess in which two pipes are.abutted in a horizontal position and rotated while one or
ses are deposited betweef previously prepared bevels on the abutting ends

ce of

e the

7 cut

more

mbly prepared.fep the purpose of approving a welding procedure specification, welder or

welding operator

3.21

welder

person wholholdsand manipulates the electrode holder, welding torch or blowpipe by hand
[SOURCE: ISO-9606-1-2612;3-1]

3.22

weld repair
process of correcting a defect that is discovered after the weld has been completed and submitted for
inspection

Note 1 to entry: The repair can involve complete removal of a cylinder of pipe, or removal of a localized area by
grinding or other means, followed by additional welding.

3.23
welding operator
person who performs mechanized and/or automatic welding

[SOURCE: ISO 14732:1998, 3.10, modified]

4 © IS0 2013 - All rights reserved
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3.24

welding procedure

specific course of action to be followed in making a weld, including reference to materials, preparation,
preheating (if necessary), method and control of welding and post-weld heat treatment (if necessary)
and equipment to be used

3.27

welding procedure specification

WPS

document providing the required variables for a specific welding procedure

4 S$ymbols and abbreviated terms

4.1 | Symbols

d outside diameter of pipe
r nominal internal radius
t wall thickness

4.2 | Abbreviated terms

AC alternating current

AUT automatic ultrasonic testing

AWT all-weld-metal tensile test

CE carbon equivalent

CEpern carbon equivalent, based upon the chemical portion of the Ito-Bessyo carbon equivalent equation
CRA corrosion-resistant alloy

CcToq crack tip opening displacement

DAC distance apiplitude correction

DC directourrent

ECA engineering critical assessment

FCAW flux-cored arc welding

GMAW gas-metalare-welding 15646632809 proeess 133

GSFCAW  gas-shielded flux-cored arc welding (ISO 4063:2009, processes 136)

GTAW gas tungsten arc welding (ISO 4063:2009, process 141)
HAZ heat-affected zone

HDM hydrogen dissolved in metal

HV Vickers hardness

1QI image-quality indicator

LPT liquid penetrant testing

© IS0 2013 - All rights reserved 5
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MT
NDT
PWHT
RT
SAW

SMAW

:2013(E)

magnetic-particle testing

non-destructive testing

post-weld heat treatment

radiographic testing

submerged arc welding (ISO 4063:2009, process 12)

shielded metal arc welding (ISO 4063:2009, process 111)

SMYS
SSFCAW
ToFD
UT

VT

WPS

5 Compl

A quality sy
applied to a

NOTE IS

The contrac
Standard. It
of complian

6 Information to be supplied-by the company

The user of
company an

a)

Items td

tpecified minimum yield strength
belf-shielded flux-cored arc welding
ime-of-flight diffraction

L1ltrasonic testing

Visual testing

velding procedure specification

iance

stem addressing the quality requirements of 1SQ>3834 (or equivalent, if agreed) c4
bsist compliance with the requirements of this International Standard.

/TS 29001 gives sector-specific guidance on quality management systems.

Lor is responsible for complying with all‘of the applicable requirements of this Internat
is permissible for the company to make any investigation necessary in order to be ens
ce by the contractor and to reject-ahy material that does not comply.

this International Standard requires the company to specify additional requirements
d contractor to agree optional items.

be specified by'the company:
umentation/of information on the NDT method for test welds (see 7.2);

hirements for all-weld-metal tensile tests (see Table 1, footnote d);

n be

ional
ured

and

offull pipe lengths for welding of test pieces (see 7.3.5.1);

than 25 mm (see 7.4.3.5);

1) doq
2) req
3) use
4)
5)
6) add
7)
8)
9) use
10) use

permission to transfer WPS between contractors (see 7.6.2);

itional destructive testing of test welds (see 8.6.2);

testing of filler material with lot classification and extent of testing (see 9.10);

frequency, extent and method(s) of NDT if different from ISO 13623:2009 (see 10.1);

of mechanized UT equipment (see 10.6.5);
of ECA (see 11.8);

energy values and test temperatures for Charpy impact testing for wall thicknesses greater

© ISO 2013 - All rights reserved
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11) weld repair from inside of the pipe (see 12.2);

12) permission for repair-on-repair welding (see 12.2);

13) tests to demonstrate adequate corrosion resistance of the weld in service (see Clause A.2);

14) additional safety measures for in-service welding based on service fluid (see Clause D.1);
15) deletion of transverse notches for detection of transverse defects (see G.4.1);

16) additional qualification when applying workmanship criteria (see G.4.2);

LAY 4ol AT 4ol 1 L H L AT - 1. o £ Fall BRahY
L/ ) ULLICT IND T IHTUIUW TUT CUTITP AT ISUIT U AU T THTIUICAUIULLS (STT U.T. 4 ),

18) applicability of Annex E (see Clause E.1)1;

19) supplementary applicable national standards or codes (see Clause E.1)1);
20) proportion of different NDE techniques (see Table E.1, footnote a)1);

21) number of welds to be additionally examined when one weld is+gjécted (see E.3.1));
22) applicability of Annex F (see Clause F.1)2);
Items to be agreed:

1) use of ISO 3834 or an alternative standard for quality requirements, if applicable (s¢e Clause 5);
2) use of an alternative standard for WPS approyali(see 7.1);

3) approval of inspector (internal or external) and/or third party for WPS qualification welding
and testing (see 7.1);

4) use of materials for welding of test*pieces in accordance with ISO 15614-1:2004 (see 7.1);

5) extent of inspection and testingof test pieces for approval of WPS for fillet and bfranch welds
(see 7.4.1);

6) waiving requirementsforimpact testing for pipe with t < 6 mm or SMYS < 360 MPa|(see Table 1,
footnote b);

7) if applicable, locations of test specimens made by a combination of uphill and dowrhill welding
(see 7.4.3.1);

8) degassingof test specimens made using cellulosic-coated electrodes (see 7.4.3.2);

%) permission for hardness retesting (see 7.4.3.7);

10)"permissible increase in values for CE or CEpcm, for sour service (see 7.6.3.2);

[1) use of other type of line up clamp as used during qualification (see 7.6.4.12);

12) requirements for approval of a WPS for repair welding (see 7.7);
13) period of WPS validity (see 7.8);

14) use of another recognized standard for welders and welding operators approval (see 8.1);

15) use and properties of flat plate material for joint simulation (see 8.5.1.3);

16) use of alternative NDT method (see 8.6.1);

1) Applicable only to gas infrastructure systems in European member states.

2) Applicable only to gas distribution systems in European member states.

© IS0 2013 - All rights reserved 7
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17) re-test of welder or welding operator after second failure (see 8.7);

18) movement of the weld after completion of the root (see 9.6);

19) selection of electrodes and filler materials (see 9.10);

20) repair of arc strikes (see 9.13);

21) the minimum number of passes to be completed before interrupting welding (see 9.18);

22) numbering system for production welds (see 9.20);

23) use
24) use
25) use
26) retg

L L 1.0 L 14
Ul gdlliiaidy (S€t 1VU.J.1],

of DC prods (see 10.7);
of permanent magnets or DC-yokes (see 10.7);

ntion period and location of records (see Clause 13);

27) additional CEN requirements and/or equivalent ISO standards for ISO\standards in Annex E

(seg

Clause E.1)1);

28) thejmethod(s) for NDT (see E.3.2)1);

29) appllicable image quality class (see E.3.2)1);

30) stapdard for welder and welding operator approval (see‘Clause F.3)2);

31) use
32) use

of socket joints (see Clause F.4)2);

of alignment aids and similar temporary attachments (see Clause F.4)2).

7 Welding procedure specification and qualification requirements

7.1 Genefal

The WPS shhpll be specified in accordance with 7.2.

To qualify a|WPS in accordance-with this International Standard, test pieces shall be welded, inspg

and tested ih accordance with\SO 15614:2004, and with 7.3 and 7.4 of this International Standard

By agreemeht, a WPS may.bé approved in accordance with ISO 15607, ISO 15609 and I1SO 15614-1:2

or ISO 15612 or ISO 15613 without any of the requirements of 7.2 to 7.7.

A WPS shall

pcted

004,

be approved only if all the requirements of International Standard and the supplementary
requirements specified by the company have been met.

The weldingand testing for WPS qualification shall be witnessed by an Inspector (Internal or exte

or third party approved by the company.

rnal)

Prior to the start of production welding, the contractor shall submit to the company for agreement
either the preliminary WPS(s) to be approved, or the WPS(s) already approved in accordance with this
International Standard. This process may be omitted when the company has supplied the contractor
with an appropriately approved WPS or preliminary WPS(s).

Test pieces should be welded using project-specific materials. By agreement, materials for welding of
test pieces may be selected in accordance with ISO 15614-1:2004, 8.3.1 to 8.3.3.

© ISO 2013 - All rights reserved
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Welding procedure specification

The WPS shall incorporate the technical contents specified in ISO 15609-1, in 7.6 of this International
Standard and, if applicable, the following:

— steel grade and delivery condition in accordance with ISO 3183;

— number of welders for the specific weld passes;

— maximum time lapse between start of root pass and start of second (hot) pass;

— type of line-up clamp or tack welding;

h— q

The

Whe
plast
data
ageiy

Weld
varis

All 1
ISO 1

For 9
shall
hydr

7.3

reheating procedure;
inimum interpass temperature if different from the preheat temperature;
xtent of welding required before removal of line-up clamp or other line-up’device;
art of weld to be completed before joint is permitted to cool to ambient temperature;
ethod for control of cooling;

art of weld to be completed before lowering off, i.e. from sidé boom to pipe support, or
p;

iction required for partially completed welds.

Fe the intended installation and/or service application of the welded pipeline involve
ic strain, such as during pipe-reeling or J:tube installation, the use of documented s
and/or supplementary testing should.b€) considered to demonstrate adequate eviden|
1g resistance.

bles for a WPS.

elevant welding parameters and variables shall be specified individually in accoj
5609-1 if a previously.approved WPS is offered to the company for agreement.

teel grades with-inereased susceptibility to delayed hydrogen cracking due to weldi

pgen processes,’PWHT, and a delay period prior to inspection.

Welding of test piece

pbarge move-

fompany may require information on the methodaised for NDT of test welds to be docyimented.

5 significant
train-ageing
ce of strain-

ability tests may be required to_provide the necessary information for the selection of welding

dance with

ng, the WPS

be designed toprevent such cracking from occurring. Such welding may also require the use of low

7.3.3

Preliminary WPS

The preparation for, and welding of, test pieces shall be carried out in accordance with a documented
preliminary WPS.

7.3.2 Test welding conditions

Test pieces should be welded under conditions that simulate those of the site production location (see
9.3 and 9.4).

7.3.3 Welding position

Welding positions and limitations for the angle of slope and rotation of the test piece shall be in
accordance with ISO 6947.
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7.3.4 Tack welds

Test pieces shall be tack-welded only if tack welding is necessary during production welding.
7.3.5 Shape and dimensions of test pieces

7.3.5.1 Girth welds

Test pieces for the approval of a WPS for girth welding shall be made by joining pipes with a minimum
length of one diameter or 300 mm, whichever is greater. Certain situations may require the use of full
pipe lengths.

NOTE Lgnger test pieces can be required to allow the use of internal clamps selected for productioh.wglding
or simulate installation conditions.

7.3.5.2 Branch connections and fillet welds

Test pieces for the approval of a WPS for welding branch connections or fillet welds shall be of the ghape
and dimensjons specified in ISO 15614-1:2004.

7.3.5.3 Welds between different materials

Test pieces may be welded for the approval of a WPS from two different materials, provided the test
pieces can provide sufficient material for all the testing required for.each material.

EXAMPLE A weld between thermal mechanically controlled pipé&and a quenched and tempered forged flange
is subjected to appropriate mechanical testing on both sides of the weld.

7.4 Inspection and testing of test pieces

7.4.1 Scope of inspection and testing

The extent qf inspection and testing of test.pieces for the approval of a WPS for girth welding shall pe in
accordance with Table 1.

The extent of inspection and testing of test pieces for the approval of a WPS for fillet and branch welds
shall be estgblished by agreement:

Table 1 — InSpection and testing of the test pieces for girth welding

Type of inspdction/test Extent of inspection/testing
VT 100 %

RT or AUT 2 100 %

Transverse tehsile test 2 specimens

Impact testb 2 sets for t < 20 mm

4 sets for t > 20 mm

Macro-examination and hardness test 2 specimens

Bend test ¢ 4 bends

All-weld-metal tensile test d by agreement

a AUT shall be a qualified production system.

b Test may not be required for pipe with t < 6 mm or with SMYS < 360 MPa.

c For t <12,5 mm, the total number of bends shall be split evenly between root and face bends. For t 2 20 mm, side

bends only are acceptable. For 12,5 mm < t < 20 mm, evenly split root and face bends or side bends shall be tested.

d Optional requirement to confirm overmatching of the yield strength of the weld metal.

10 © IS0 2013 - All rights reserved
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7.4.2 Non-destructive testing

All test pieces shall be examined visually and non-destructively in accordance with Clause 10 following
any required PWHT and prior to cutting of the test specimens.

Test welds for the approval of a WPS shall be subjected to NDT no sooner than 24 h after completion of
welding.

The NDT shall be reported in accordance with Clause 10 and the results shall meet the acceptance
criteria in Clause 11.

7.4.

7.4.3

Test
piecd

Test
weld|
15 dq

Local
shou
seled

NOTH

Local
for P
test §

D " e ' - anadel 1 Aa
LDTSU ULLIVT l.l:bl.llls - Sll il WUlulllS
.1 Cutting of test specimens

specimens shall be taken from test pieces which have met the acceptange eriteria fi
s which fail to meet these criteria shall be disregarded for destructive testing for WPS

kpecimens may be taken from locations free of acceptable imperfections revealed by N
imperfections in the test specimen, the location of test specimen‘may be rotated by nq
borees provided the longitudinal seam is avoided.

tions of test specimens for fixed horizontal-position welding and fixed vertical-posit
|d be in accordance with Figures 1 and 2. Locations of<test specimens for roll welg
ted from Figure 1 or Figure 2.

Welding positions are as indicated in Figure 4,

Lions of test specimen for welds made in PF or:H-L045 positions shall be in accordance wj
G or ]-L.045 in accordance with Figure 2, and for PA and PC from Figure 1 or Figure 2.
pecimen for welds made by a combination of uphill and downhill welding shall be by 3

r NDT. Test
approval.

DT. To avoid
t more than

ion welding
ling may be

ith Figure 1,
Locations of
greement.
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Key
area 1 forj
area 2 forj
area 3 forj

1

2

3

4 area4 for
5 areab5 for]
6 areab?
7 area7 toy
a

If insuffic
or6

Figure

:2013(E)

4

one tensile specimen and two bend test specimens @
impact and additional test specimens if required

one tensile specimen and two bend test specimens @

one macro test specimen and one hardness test specimen
AWT specimens 2

for fixed pipe

ent material is available for bend test specimens inareas 1 and 3, material may be taken from at

| — Location of test specimens for a fixed-position girth weld in pipe for upward
welding

12
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Key
1 aj
2 al
3 al
4 ai
5 aj
6 al
7 al
8 td
a f]

0
Fij
7.4.3
By a
dega
7.4.3
Dest
or C

4

ea 1 for one tensile specimen and two bend test specimens 2

ea 2 for one macro test specimen and one hardness test specimen
ea 3 for one tensile specimen and two bend test specimens 2

ea 4 for impact and additional test specimens if required

ea5a

ea 6 for AWT specimens

ea’7a

p for fixed pipe

insufficient material is available for bend test specimens in areas 1 and 3, material may be taker]
-7

pure 2 — Location of test specimens for a fixed-position girth weld in pipe for do
welding

.2 Degassing of test,specimens

ssed by heat treatment at 250 °C for a period not exceeding 10 h.

.3 Test temperature

Fuctive testing shall be performed at ambient temperature except for impact testing
'OD) testing. For design-service temperatures greater than 75 °C, consideration should

from area 5

wnwards

preement, and only for welds made using cellulosic-coated electrodes, test specimens may be

(see 7.4.3.5)
be given to

performmg elevated-temperature tensile tests.

7.4.3.4 Transverse tensile testing

Transverse tensile specimens shall be prepared and tested in accordance with ISO 4136.

For pipes greater than 50 mm outside diameter, the weld reinforcement shall be removed on both faces
of the specimen. Removal of the reinforcement is not required for specimens from pipe with an outside
diameter of 50 mm or less.

If testing full-section small-diameter pipes, the weld reinforcement may be left undressed on the inside
surface of the pipe if removal of the reinforcement is not possible.

© ISO
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Specimens shall fail in the pipe or the weld metal at the specified minimum tensile strength or higher
or in the pipe metal outside the weld or fusion zone at a stress of 95 % of the specified minimum tensile
strength or higher.

Failure of specimens outside the weld or fusion zone at less than 95 % of the specified minimum tensile
strength may be an indication of a base material deficiency, and 2 additional specimens shall be cut from
the same test joint for tensile testing. These additional specimens shall fail at the specified minimum
tensile strength or higher.

If any of the additional specimens break outside the weld or fusion zone below the tensile strength
stated, the pipe shall be c0n51dered suspect and its physwal propertles 1nvest1gated and confirmed to

meet specifiee
7.4.3.5 Injpact testing
Charpy V-nqtch specimens shall be sampled from 1 mm to 2 mm below the surface of the parent metal
and transverse to the weld direction, as indicated in Figure 3. Full-size Charpy spée¢imens shgll be
utilized whare pipe wall thickness permits.
For each locption indicated in Figure 3, a single impact test set shall comprise:three test specimens.
For weld mejtal tests, the specimen notch shall be at the weld centreline. For'HAZ tests the notch shall be
placed at a Ipcation that results in a test containing 1/3 weld metal and 2/3 base material.
Specimen dimensions and test procedure shall be in accordance with ISO 148-1. The test temperature
shall not ex¢eed the minimum design temperature.
The results pf full-size specimen impact testing for welds in*pipe with a wall thickness of 25 mm or less
shall meet the following requirements:
a) the average value for each set of Charpy V-notch-specimens shall not be less than 40 J;
b) the minimum individual value for a maximuim of one specimen of the three shall not be less|than
30].
The above |mpact energy value requiréments may be reduced pro rata for sub-size specimens in
accordance with the Formula (1):
80
E=—X|E 1
4, " (1
where
E  isthe Charpy V-niotch energy defined in this code;
Ey isthe measured sub-size Charpy V-notch energy;
A, is the spectmen-—eross-sectionalarea-{mmatthe specimennoteh

For welds in pipe with a wall thickness in excess of 25 mm, higher impact energy values or lower test
temperature shall be specified by the company to maintain the applicability of the defect acceptance
criteria in Clause 10.

7.4.3.6 Macro-examination

Specimens and method of macro-examination for the approval of a WPS shall be in accordance with
EN 1321.
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For PG, PF, H-L045 and ]J-L045 welding positions (see Figure 4), one specimen shall be taken at a location
corresponding approximately to the 3 o’clock position and one specimen corresponding approximately
to the 6 o’clock position.

The specimens shall be free from cracks and lack of fusion. Any other imperfections shall be within the
limits specified in Clause 11.

7.4.3.7 Hardness testing

Hardness testing shall be in accordance with ISO 6507-1 using the Vickers method with a test force of

98,07 N.
NOTH A test force of 49,03 N can be necessary for the narrow heat-affected zone in some jwel
mechjanized or automatic processes.

Hard
as in

ness shall be measured and recorded in rows across the weld metal, the HAZ and the
dicated in ISO 9015-1. For the HAZ, the first indentation shall be made as{close as po

fusign line. The precise locations of each row shall be by agreement.

The 1
is pe
Tabld

Pare

esults from hardness testing shall meet the requirements given inTable 2. By agreeme

b 2.

ht material hardness results shall be for information only.

Notch location : Weld metal root

Notch location : HAZ root

a) Wall thickness < 20 mm

s made with

arent metal
ssible to the

nt, retesting

rmitted only in the event that a single hardness value exceeds‘the maximum allowalle values of

Dimensions in millimetres
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Notch location : Weld metal

Notch location : HAZ

Notch location : Weld metal root

Notch location : HAZ root

by Wall thickness > 20 mm

Figure’3 — Position of Charpy V-notch specimens

16
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Q

PA pipe : rotating
axis : horizontal

PG pipe: fixed
axis : horizontal

ISO 13847:2013(E)

weld : flat

PF pipe : fixed
axis : horizontal
weld : vertical upward

H-L045 pipe: fixed
axis : inclined
weld : upward

weld : vertical downward

€»
<

|
k“‘(um%u(my

[~———

)

PC pipe: fixed
axis : vertical
weld : horizontal

J-L045 pipe: fixed
axis : inclined
weld : downward

Figure 4 — Welding positions (IS0 6947)

© 1SO 2013 - All rights reserved

17


https://standardsiso.com/api/?name=8f987d5bf1376619a01c3ae83fd8fe0c

ISO 13847:

2013(E)

Table 2 — Permissible maximum hardness values

Weld metal HAZ
Hardness location HV1g HVqg
Root Cover Root Cover
Sour service 2 and all t<9,5mm 250 275 250 275
welding processes t>9,5mm 250 275 250 275
Non-sour service and | Manual welding cellulosic electrodes 275 275 275 325b
all thicknesses Other welding processes 275¢ 275¢ 350 350
a2 The company shall Specily when Sour service requirements apply.
b Maximunj value of 350 may be allowed by agreement.
¢ Maximunj value of 300 may be allowed by agreement.

7.4.3.8 Al

If required
ISO 5178.

The measur

another valye established by agreement.

7.4.4 Des]

Test pieces |
Table 1, and

For pipe wit
piece. Four s

The specimd

Fracture teg
of the follow

supporf

— grippin
The expose
penetration

a)

Gas por
3mm, W

by the company, test specimens for AWT shall be prepared and tested in accordance

fructive testing — Branch and fillet welds

-weld-metal tensile testing

ed yield strength shall be greater than or equal to the SMYS of the parent pipe met

the additional fracture testing specified below:

h a diameter of 168,3 mm or less, two fracture test specimens shall be taken from the
pecimens shall be taken for pipe with aldiameter above 168,3 mm.

bns shall be taken from diametrically’ opposed positions around the circumference.

ts shall be performed by breaking specimens with the root of the weld in tension, usin
ing methods:

ing both ends and striking the centre of the specimen; or
b one end and striking the other.

1 surface of¢gach broken specimen shall be free from cracks, lack of fusion and la
The presence of other imperfections in the weld metal shall be within the following li

bs: The'greatest dimension of any single pore shall not exceed 20 % of the wall thicknd
rhichever is smaller. The combined area of all pores shall not exceed 5 % of the affected

or the approval of a WPS for fillet welding shalkbe tested as specified in ISO 15614-1:2

with

hl, or

004,

e test

b one

ck of
mits.

SS or
area.

b)

Inclusions: Individual inclusions shall not be greater than 1 mm in depth and 3 mm or 50 % of the

wall thickness in length, whichever is less. There shall be at least 12 mm of sound metal between
adjacent inclusions.

7.5 Re-te

7.5.1 Gene

sting

ral

A new preliminary WPS may be prepared for approval testing in case a test piece fails to comply with
the requirements of this International Standard.

18
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7.5.2 Re-testing for approval of WPS

In case of failure to meet the requirements for destructive testing in 7.4.3 resulting from the presence
of weld imperfections, two further test specimens shall be obtained for each test specimen that failed.
If either of these additional specimens does not comply with the requirements, the preliminary WPS
shall be regarded as not complying with this International Standard, and a new preliminary WPS shall
be prepared.

In case of failure to meet the requirements for destructive testing in 7.4.3 for other reasons, one
additional test piece may be welded and subjected to the inspection and testing program outlined in 7.4.

7.6 [ Essential variables and range of approval

7.6.1 General

An approved WPS shall be applied during production welding within the ranges for the essential
varidbles specified in this International Standard.

NOTH The specified variations relate to the materials properties and welding parameters for the welding of
the tgst piece.

A change in one or more of the essential variables beyond the spécified range requires the approval of
another WPS in accordance with this International Standard.

7.6.2 Related to the contractor
An approved WPS shall be valid in accordance with 1S0°15614-1:2004.

Trangfer of an approved WPS between contractorsishould be treated with extreme caution, gnd requires
the ajgreement of the company.

7.6.3 Related to the material

7.6.3.1 Steel grade
Change of steel grade shall be alowed in accordance with ISO 15614-1:2004.

7.6.3.2 Chemical composition
CE shall be goverping for C > 0,12 % and CEpcm for C < 0,12 %.

Basefd on produgt analysis, the CE value may be increased by a maximum of 0,030 or the CEfcm value by
a makimum:ef0,020. For sour service, these increases shall be by agreement, but not exce¢d the above
valugs.

CE shaltbe-ealerlated-aceordingtoFormua{2):
CE:C+Mn+Cr+MO+V+Cu+N1 @)
5 15
CEpcm shall be calculated according to Formula (3):
CE cm:C+2+@+Q+&+g+&+X+SB (3
P 30 20 20 60 20 15 10

7.6.3.3 Supply condition

The WPS shall be approved only for welds in material of the same supply condition.
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7.6.3.4 Thickness

For girth welding, the approved pipe thickness range shall be 0,75 to 1,5 times the wall thickness of the

test piece.

For branch and fillet welding, the approved thickness range shall be as specified in [SO 15614-1:2004.

7.6.3.5 Pipe diameter

The pipe diameter shall be as indicated in Table 3.

Table 3 — Range of approval for pipe diameter

Ouftside diameter of the test piece, d

Range of approval

mm
d<168,3 0,5dto2d
d>168,3 20,5d

7.6.4 Rels

7.6.4.1 W

The WPS ap]
of welding ¢
also apply t

NOTE Fd
procedure te

7.6.4.2 W,
For the pury

For girth, brj
in Table 4.

A variation

ted to all welding processes

plding process

broval is valid only for the welding process(es) used for welding of the test piece. The seqy
rocesses, if more than one process is used, shall not'be changed. These requirements
the approval of a WPS for weld repair.

r multi-process procedures, the welding procedure qualification can be carried out with sep
5ts for each welding process, provided the essential variable ranges are within the specified rg

plding positions
oses of this International Standard, the welding positions in Figure 4 shall apply.
anch and fillet welding, an-approved WPS may be used for the welding positions as speq

n the pipe angle of up-to 25° may be applied to each welding position.

Table 4 — Range of approval for welding positions

ence
shall

arate
nges.

ified

Position of tést Approval status for position

piece PA PG PF PC H-L045 J-L045
PA approved not approved not approved not approved not approved not approyved
PG approved approved notapproved notapproved notapproved notappraved
PF approved not approved approved not approved not approved not approved
PC approved not approved not approved approved not approved not approved

H-L045 approved not approved not approved not approved approved not approved

J-L045 approved not approved not approved not approved not approved approved

7.6.4.3 Weld preparation

The approved WPS shall be used within the tolerances for weld preparation specified in the WPS.

7.6.4.4 Type ofjoint

The approved WPS is valid for the types of joint indicated in Table 5.

20
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Approval status for types of joint
Type of joint in test piece Girth weld Fillet welds
with backing no backing
Girth weld with backing approved not approved approved
Girth weld without backing approved approved approved
Fillet weld not approved not approved approved

7.6.4-5—Fittermetat

If impact testing and/or AWT are required, then consumable classification is an essé€ntial|variable for
fillerymaterial.

Reqyirements for filler material shall be in accordance with ISO 15614-1:2004,

7.6.4.6 Type of current

Reqyirements for current shall be in accordance with ISO 15614-1:2004.

7.6.4.7 Arcenergy
Arc gnergy is an essential variable when hardness and/or;impact testing are required for WPS approval.

Arc ¢nergy shall not vary more than 15 % below the~finimum value and 15 % above the maximum
valu¢ representative for a weld pass segment during the welding of the test pieces.

NOTH The intent of “representative” is to avoid that extreme minimum and maximum values|recorded for
short{periods are considered for determining arcenergy values.

For sour service applications, the arc enéygy should not fall below the average value per pdss recorded
duripg the welding of the test pieces.

7.6.4.8 Preheat temperature

The minimum preheat temperature shall not be lower than the preheat temperature recorded during
the welding of the test piece.

7.6.4.9 Interpasstemperature

The gpprovedrange for the interpass temperature shall extend from the preheat temperatyre up to the
maximum jfiterpass temperature recorded during the welding of the test piece for each welding process.

7.6.4.10 Post-weld heating for hydrogen removal

Post-weld heating for hydrogen removal shall be in accordance with ISO 15614-1:2004.

7.6.4.11 Post-weld heat treatment
PWHT shall be applied if specified in the WPS.

The ranges of soaking temperature, soaking time and heating and cooling rates shall be in accordance
with the WPS.

7.6.4.12 Type of line-up clamp

The type of line-up clamp shall be limited to the clamp used for welding of the test piece. Use of other
clamps shall be by agreement.
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7.6.4.13 Removal of line-up clamp

The line-up clamp shall not be removed before the weld has been completed to at least the same extent
as at the time of clamp removal during welding of the test piece.

Weld completion can be expressed as a percentage of circumference of the weld, the number of passes

or combinat

7.6.4.14 Ta

ion thereof.

ck welding

If tack welds are to be included permanently in the root, then this shall be considered as an essential

variable.
7.6.4.15 B4
Back-gougin

7.6.4.16 Ti

If welding W
and the staj
piece. Any ¢
non-hydrog

EXAMPLE

7.6.4.17 Rdg

The number

7.6.5 Reld

7.6.5.1 Shielded metal arc welding (SMAW) and self-shielded flux-cored arc welding (SSFCA

A change in
made witho
be from one
piece.

NOTE

7.6.5.2 Submerged arc welding (SAW)

The approvs

Changing the electrode size can result in a change in arc energy to a value outside the approved 1

ck-gouging, grinding and back-welding

g, grinding and back-welding shall be in accordance with the WPS.

me interval

ith non-hydrogen-controlled consumables, the time lapse between the end of the root
't of the second pass shall not exceed the time lapse recorded during welding of thg
onsumable resulting in a weld deposit with a HDM over 10:il/100 gr shall be consig
en-controlled.

Cellulosic electrodes are an example of non-hydrogen-centrolled consumables.

ot pass welders

of root pass welders shall be at least as many as during welding of the test piece.

ted to specific welding processes

electrode diameter shall not'be permitted in the first two layers on single-sided girth v
1t backing. For other welds, the approved diameter range of the electrode for each pass
size down to one sizeyup from the electrode diameter used during the welding of thg

bd wire diameter and system shall be limited to the wire diameter and system, such

pass
test
ered

W)

velds
shall
» test

ange.

as a

single-wire

prinultiple-wire system, used in the welding of the test piece.

The approved flux shall be limited to the flux with the same make and classification as used during
welding of the test piece.

The following welding parameter tolerances shall apply.

a)

welding of the test piece + 10 %.

b)
the test

c)

piece = 10 %.

or current recorded during the welding of the test piece * 10 %.

22

The approved range for the travel speed for any pass shall be the travel speed recorded during the

The approved range for the voltage for any pass shall be the voltage recorded during the welding of

The approved range for wire feed speed or current setting for any part of the weld shall be the speed
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d) The approved range for the distance between contact tip and work piece for any pass shall be the
distance recorded during the welding of the test piece + 5 mm.

7.6.5.3 Gas metal arc welding (GMAW) and gas-shielded flux-cored arc welding (GSFCAW)

The approval given to the face and/or back-shielding gas shall be restricted to the type of gas and
composition (see 9.11) used during the welding of the test piece.

The approval given to the wire diameter and system, such as single-wire or multiple-wire system, shall
be restricted to the diameter and system used during the welding of the test piece.

The foHowingwetdingparametertoterancesshattapply

a) The approved range for the travel speed for any pass shall be the travel speed recordefl during the
yvelding of the test piece + 10 %.

b) The approved range for wire feed speed or current setting for any part of the-weld shall pe the speed
or current recorded during the welding of the test piece + 10 %.

c) The approved range for the distance between contact tip and work piece for any pass|shall be the
distance recorded during the welding of the test piece + 5 mm.

7.6.3.4 Gas tungsten arc welding (GTAW)

The gpproval given to the face- and/or back-shielding gas shall be restricted to the type of gas (nominal
composition) used during the welding of the test piece.

The approved range for current setting is the setting‘used during the welding of the test pigce + 10 %.

7.6.5.5 Shielding gas flow rate

For processes GMAW, FCAW in inert or -active gas protection and GTAW, the approved range for the
shielding gas flow rate is the flow ratetecorded during the welding of the test piece + 15 %

7.7 | WPS for repair welding

The WPS used for the origindl weld may also be used for repair welding, provided the essentjial variables
for the repair welding are(within the ranges approved for the WPS except for the following epair types,
which shall have a separate approval test:

— T1epair weld censisting of a single pass;
— internal repairs;

— fepairof a weld joining materials with a SMYS exceeding 360 MPa.

The tegiirements for the approval of 3 WPS for repair welding shall he estahlished hy agreement.

The groove for repair-welding tests shall be located typically as shown in Figure 5 and may include
excavation of weld deposit or HAZ and parent metal. The extent of testing and examination, including
the number and locations of test specimens, shall be established by agreement.
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2L\

a) Full re-repair

U
/‘7/

S 6 7

AL
N

>t/2

b) Partial penétration repair
5 6 7

/AN |
/

\/ )
X

c) Multi-pass back-weld repair

>t/2

Key

1 location|of top,

2 location|of-Charpy (optional) of pipe
3 location'oftensite

4 location of macro/hardness

5  original weld

6  original weld fusion line

7  original weld heat-affected zone

Figure 5 — Location of repair excavations and destructive test specimens

7.8 Period of validity

The period of validity of an approved WPS shall be by agreement.
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8 Approval and testing of welders and welding operators

8.1

General

Approval of welders and welding operators shall be in accordance with the requirements in this
International Standard.

Approval of welders and welding operators may be in accordance with another recognized standard
such as ISO 14732, API 1104, ISO 9606-1 for welders or ISO 14732 for welding operators, by agreement.

8.2

For 4

Tt O eI ot toUIIIartIc— Yy v ©r

pproval of manual or semi-automatic welding, welders shall make a test weld in-acco

the approved WPS for inspection and testing.

A we|
of th

Exce
piecd
each

Whe
the v

Sepa
exce]

Weld
Clau

8.3
For 1

oper
oper

8.4

Each
and 1

8.5

|der shall be approved for production welding only if all the requirements for\inspectior]
b test pieces specified in this clause have been met.

pt where stated otherwise in this clause, more than one welder may-be employed in wj
provided each welder completes at least 50 % of the circumference’of a weld pass. Th
welder shall be clearly identified when employing more than ofie'welder.

Fe more than one welding process or welder is employed-in producing a test piece, thd
rate test welding shall be performed for the approval of a welder for girth, branch, and fi

bt that a branch welding approval shall also cover for fillet welding.

ers who have completed the test piece for.the'successful approval of the WPS in acco
se 5 should be approved for production welding.

Approval for mechanized welding

hechanized welding, each welding operator shall be approved for a particular part or
htion of making a welded jeint. Under no circumstances shall welding operators be ¢
htions other than those for which they have been approved.

Approval for autematic welding

welding operator-shall be approved by a pre-production welding test in accordance wif
he requirenients of this International Standard.

Test welding

8.5.

Felders for production welding shall be limited to theirpart of the weld of the test piece.

rdance with

| and testing

elding a test
e position of

approval of

h

[let welding,

rdance with

parts of the
mployed on

h ISO 14732

Positional wplding

8.5.1.1 Girth welds

The pipes for making the test weld shall be fixed as follows:

horizontally for production welding on pipes positioned within 25° of the horizontal;

vertically for production welding on pipes positioned within 25° of the vertical:

between 25° to the vertical and 25° to the horizontal.

Approval for positional welding shall also approve the welder for roll welding.
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anch connections

Except where more than one welding process is used, a welder shall make all the passes on the full
circumference of the test piece with a diameter of the branch less than 323,9 mm. More than one welder
may be employed if the diameter of the branch is 323,9 mm or more, or when more than one welding
process is used.

The position of the branch shall be

— at the top centre of a horizontal pipe (welding position PG as indicated in Figure 4) for the welding
of branches positioned within 20° of the top centre of a horizontal pipe;

at the |
branchse

8.5.1.3 Fil

For approval for fillet welding, a welder shall weld a fillet weld between a sleeve, sacket, slip-on-fl

weld-o-let o
By agreeme

to cover all {
properties @

8.5.2 Roll

8.5.2.1 Gi

Test pieces 1
include a stq

8.5.2.2 Fil

Test pieces
rotating abd

More than
between teg

8.6 Inspe

8.6.1 Non
The weld of

I other type of attachment and a pipe positioned horizontally.

nt, simulated joints using flat plate material may be used provided the plate is positi

fthe plate material may differ from the properties of the pipe specified in the WPS.
welding

rth welds

thall be made between lengths of pipe rotating about a horizontal axis. The root pass
p/start when more than one welder is employed during production welding.

let welds

shall be made between a sleeve, socket, flange or other attachment and a piece of
ut a horizontal axis.

ne test weld may be made on one test piece provided a short distance is left unwsg
t welds of individual'welders.

ction and testing of test welds

-destructive testing

thedest piece shall be examined visually in accordance with 9.4.

ottom centre of a horizontal pipe (welding position PF as indicated in Figure 4hf¢r all
s in all other positions.
let welds

hnge,

oned

he welding positions for which welder approval is required. By.agreement, the mechanical

shall

pipe

blded

. n . 1 11 1 . 1 1
Non-destructive CESTIITE STl dISO IIICIuae

— radiography in accordance with 9.5; or

— ultrasonic testing in accordance with 9.6; or

— an alter

native method by agreement.

The results of the non-destructive testing shall be assessed against the acceptance criteria specified in

Clause 10.
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8.6.2 Destructive testing

The following destructive testing shall be carried out:

macro-examination in accordance with 7.4.3.6; and

fracture testing in accordance with 7.4.4 for fillet welding; and

bend testing performed in accordance with ISO 5173 with test specimen from the positions as

indicated in Figure 1.

Additional destructive testing may be specified.

8.7

A welder or welding operator may produce additional test pieces if it is agreed that failur
piece weld is due to metallurgical or other extraneous causes outside the control'of the wel

In cafse of failure resulting from lack of skill, a welder or welding operator-shall receive furt]
before further test welding for approval is permitted. Further re-testing.after a second fai
by agreement.

8.8

Ana
rangg of essential variables for welder approval specified\in this International Standard. T
ranggs apply with respect to material properties and welding parameters applicable during
for welder approval.

Any Variations beyond the specified ranges shall\require a new welder or welding operator

The ¢ssential variables for welder approval and applicable ranges shall be as follows:

a)
b)

c)

d)

e)
f)
g)
h)
i)
i)

Re-testing

Range of approval

yelding process: same welding process(es);

irection of welding: same direction;
Iosition:

1) same when qualified for horizontal or vertical or L045 position;
2) all positionsiifiqualified for both horizontal and vertical position;
3) roll welding if qualified in any fixed position;

pipe wall thickness for girth and branch welding only:

e of the test
der.

her training
ure shall be

bproved welder or approved welding operator may be employed for production welding within the

he specified
test welding

approval.

1)“~all pipe wall thicknesses from 3 mm to twice the wall thickness of the pipe used for t

est welding,

if the wall thickness for test welding is more than 3 mm and does not exceed 12 mm; or

2) all wall thicknesses of 5 mm and more if the wall thickness for test welding exceed

s 12 mm.

for girth and branch welding only: variations in pipe diameter in accordance with Table 3;

weld preparation: same weld preparation;
backing: use of same backing or addition of backing;

electrode coating for SMAW: same electrode coating type;

flux for continuous tubular wires, metal-cored to flux-cored or vice versa: same flux type;

shielding gas: same gas or gas mixture;
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k) welding equipment or system: same welding equipment or system for mechanised and automatic

welding;
1) other variables: other variables by agreement.
8.9 Records

All relevant variables of the test welding and the inspection and testing results for the test weld shall be

recorded on

8.10 Peri

the welder approval documentation.

d of validity

The period
the require
be different

The approvs

the wel

pf validity of approval for a welder or welding operator shall commence on the date.th
| testing and inspection of the test welds has been satisfactorily completed. THis date
from the date of issue of the approval documentation.

1l of a welder or welding operator shall remain valid for a period of two years provided

er or welding operator is engaged with reasonable continuity inwelding work for W

the app
interru

the wel

complig
welder

The approv3

9 Produ

9.1 Gene

All welding,
welding ope

The distanc
the outside

Guidance or

|

tion of six months or more in the welding to which the approvalyrelates,
er or welding operator demonstrates adequate skill and knowledge, and

nce with the above requirements is confirmed at six-tnonth intervals and recorded i
br welding approval documentation.

1 shall be cancelled if any of the above conditions'is not fulfilled or at any time by agreer

ction welding

ral

including tack welding for témporary support, shall be performed by approved weldd
rators in accordance with an-approved WPS.

e between girth welds;circumferential fillet welds and branch welds should not be less
liameter of the pipé:

other welding sc¢énarios which can be encountered is given in Annexes A, B and C.

9.2 Equipment

Welding equipment shall be of a capacity and type suitable for the work and shall be calibrateq
maintained ji-@condition that allows production of acceptable welds, continuity of operation and s

at all
may

that

rhich

Foval is applicable. A welder or welding operator approval shall be“cancelled following an

h the

nent.

I'sS or

than

and

hfety

of personnel Equipment that does not meet these requirements shall be either repaired or replaced.

Arc welding equipment shall be capable of operating within the amperage and voltage ranges specified

in the appro

ved WPS.

9.3 Working clearance

If welding aboveground or on a barge, the working clearance around the pipe at the weld should not be
less than 0,4 m under the pipe and 0,6 m at the side and top, unless using roll welding.

If welding in a trench, the bell hole shall be of sufficient size to provide the welders or welding operators
access to the pipes and working clearance for welding. Standing water shall be removed from the bell
hole before commencement of welding.
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9.4 Weather conditions

Welding shall be suspended during weather conditions which, in the opinion of the contractor and/or
the company, can adversely affect the weld quality. Protection from the weather may be provided to
allow welding to continue.

Weld areas shall be dry and free of moisture.

Continuation of welding at ambient temperatures below -20 °C shall be only by agreement.

9.5 Pipe end preparation

Pipelends shall be bevelled to the dimensions specified in the WPS.

Bevelling shall be performed by machining, machine thermal cutting or grinding./Machiine thermal
cutting may be manually or mechanically operated.

Manual thermal cutting shall be used by agreement and only if machining or machine thefmal cutting
is nof practicable.

In cafse of thermal cutting, final dressing shall be by filing, grinding or other mechanical mg¢ans.

The bevelled surface and adjacent material over a distance of at\feast 50 mm shall be freq from scale,
rust,|paint, grease, moisture and other foreign matter that may'adversely affect the weld quality before
comimencement of welding.

Examination of the pipe ends for the presence of laminations should be performed after a significant
length of pipe has been removed.

9.6 | Support

Pipe$ should not be moved during welding until both the root and second pass have been completed.
Moving pipes after completion of the rodtpass shall be by agreement.

9.7 | Line-up

Longitudinal and/or spiral welded seams of adjacent pipes shall be offset by at least 50 mn] at the girth
weld| Longitudinal weld seams shall be positioned as specified by the company.

Radigl offsets of pipecabutting ends shall be minimized, for example by rotating the pipe, until the best
possjble fit has been pbtained. Hammering or heating of the pipes to correct misalignment{shall not be
performed.

Interinal misalignment shall be uniformly distributed around the pipe and shall not exceed 3 mm or
1 % pf the pipe internal diameter, whichever is less, at any location around the circumfergnce. Larger
i orrected by tapering the pipe ends by grinding or machining, with a slope not
exceedifg 14 v re-specttedmintminr-wal-thicknessof the pipeismaintained:

Root gaps shall conform to the value specified in the WPS.

Internal line-up clamps shall be used for all mainline welding, whenever practicable, and shall not be
released before the root pass has been completed.

External line-up clamps shall be used when the use of internal clamps is not practicable. External line-
up clamps shall not be removed before at least 50 % of the root pass, uniformly spaced around the
circumference, has been completed.

Before continuing welding after removal of external line-up clamps, weld beads shall be ground at the
start and stop locations.

If necessary, tack welding shall be in accordance with 9.8.
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The line-up clamp shall be designed to prevent damage to the pipe and coatings.

9.8 Tack welding

Root gaps shall be maintained during the deposition of the first pass by tack welds if specified in the

WPS.
Tack welds i

n the root shall have a minimum length of 25 mm.

Tack welding shall be carried out in accordance with the procedure specified in the WPS for welding of
the root pass.

Tack welds
start/stop |

End prepar
Removal of

9.9 Earth

Welding ret
of current 4
performed.

Arc burns c:

9.10 Elect
The selectio]

If batch tes
required lot
materials sh

Electrodes,

tensile strength at least equal to the gpecified minimum tensile strength of the pipe metal. In the

of joints bet]
minimum te

Welding con
Baking of el
electrode.

Different gr
shall be indj

L

In of electrodes and filler materials for production welding shall be by agreement.

hich will be incorporated in the production weld shall be ground to a suitable tapérg
ations to allow adequate fusion with the root pass.

htions specified in the WPS shall be maintained when removing temporary tack w
ack welds shall be by grinding.

ing or grounding

urn cable connections shall be of sufficient cross-sectional arga.to prevent concentr
nd shall be securely attached to prevent arc burns. Attacimént by welding shall n

wused by a faulty attachment shall be removed in accordance with 9.13.

rodes and filler materials

Fing of filler materials is specified byxthe company, then the company shall indicat
classification from AWS A5.01 and.the required tests. Inspection documents for the
all be in accordance with ISO 10474.

Filler wires and wire/flux combinations shall be used which will produce weld metal w

ween dissimilar materials, the tensile strength of the weld metal shall not be less tha
nsile strength specified-for the highest strength pipe metal, unless otherwise agreed.

sumables shall be-stored at a temperature and humidity recommended by the manufact
bctrodes shall‘also be in accordance with the recommendations of the manufacturer d

hdes, different brands, and when agreed, different batches of electrodes and filler matg
vidually identifiable and be completely segregated.

t the

elds.

htion
bt be

b the
filler

ith a
case
n the

urer.
f the

rials

and

Electrodes

netHer materials shall be stored and handled such that damage Lo these malerials

their containers is avoided. Electrodes and filler materials in open containers shall be protected
from excessive moisture changes. Electrodes, filler wires and fluxes that exhibit signs of damage or

deterioratio

n shall not be used.

9.11 Shielding gases

Gases or gas mixtures shall be used for shielding during welding where appropriate. Purity and
composition tolerances shall be in accordance with ISO 14175.

The moisture content of shielding gases shall correspond to a dewpoint of -30 °C or lower at atmospheric

pressure.
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For gas mixtures with specified additions, such as 2 % O3 or 5 % O, the variation of such additions shall

note

xceed * 10 % of that stated in the WPS.

Shielding gases shall be kept in the containers in which they are supplied and the containers shall be
stored away from extremes of temperature. Gases shall not be field-intermixed in their containers.

9.12 Preheating

Pipe shall be heated before welding if specified in the WPS and when required by 8.4, in accordance with
a documented procedure consistent with the requirements of ISO 13916.

Preh
distn

The |
fora

The
bein

The |
the
indig

The {
not
once
of tel
each

Temperatures shall be measured immediately prior to commencement of welding. The me

shall
meas

9.13

Arcs
hold{

Mate

Arc

ating shattbeapptied by gasoretectrical means to achieve and aitain a Satisfactory
ibution, to prevent interference with the welding operation and to avoid damage to.co

preheating temperature shall not be less than the temperature specified in the WPS aj
dry and moisture free joint during welding.

specified preheating temperature shall extend around the entire periphery of the pip¢
b joined over a length of at least 75 mm on each side of the weld.

breheating temperature shall be determined by temperature-indicating crayons whic
pecified temperature is reached, or by thermocouples or pytometers. Crayons or p
ate temperature by colour change should not be used.

emperature should be measured on the face opposite:0f that to which the heat is appl
racticable, the heat source shall be removed and the\temperature determined on the
the temperature has equalized. The time betweefi'removal of the heat source and m

12 mm thickness above 25 mm.

be at 75 mm from the bevel at least,at-four points on each side of the joint. The loc:
urement shall be equally spread ar@und the pipe.

Arc strikes

shall be struck only on fision faces. Contact between electrodes or non-insulated parts
brs and surfaces of thepipe shall be avoided.

rial affected by accidental arc strikes may be repaired only by agreement.

trikes shall be+emoved in accordance with a documented procedure that shall define

fort

e following;

echanical removal of the affected pipe material;

emperature
ntings.

nd sufficient

e or the part

h melt when
aints which

jed. If this is
heated face
easurement

mperature shall be approximately 2 min for thicknesses up to and including 25 mm, plus 1 min for

asurements
itions of the

of electrode

he methods

lending of the excavation;

etching and/or hardness testing;
MT;

wall thickness measurement.

9.14 Backing

Permanent backing shall not be permitted. Temporary backing may be applied only if specified in the

WPS
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9.15 Internal weld bead

The use of an internal weld bead shall be permitted only if it is specified in the WPS.
9.16 Weld metal deposition

9.16.1 Girth welding

The completed weld shall have a substantially uniform width around the entire circumference with a
smooth transition to the base material. Internal and external reinforcements shall not exceed the values

as specified,in11.3.1

At least tw¢ welders should work simultaneously, one on each side, during welding on pipé.Wjith a
diameter lagfger than 325 mm.

The width of any weaving shall not exceed the weaving in the WPS if specified.

Weld stops qand starts shall be staggered when manual or partly mechanized welding methods are|used
and, when f¢asible, with mechanized and automatic welding equipment. In the-case of cables inside the
pipeline during welding, such as for a buckle detector, stops and starts shall‘be’shifted sideways [from
the six o’clo¢k position to avoid masking of weld stop and start images on the‘radiograph.

9.16.2 Other welding

The configufation of branch welds shall be as specified.

The pipe miaterial around planned cut-out areas for branches shall be examined with UT for the
presence of pipe laminations when specified. The procedure for UT and the acceptance criteria shall be
by agreement.

9.17 Weld|cleaning and peening

Surface slagfshall be removed using hand or power tools before deposition of the next weld pass. Clusters
of surface pprosity, stops and starts and high points shall be removed by grinding.

NOTE Surface slagis a possible source.of unacceptable weld flaws and visible defects, such as cracks, cayities
and other deposition faults.

After completion of the weld, thie’'weld and the adjacent area shall be cleaned of spatter. Peening should
not be performed.

9.18 Partially completed welds

Whenever possible;'welds should not be left partially completed. Where necessary due to produgtion
conditions, fnterrupted welds may be completed provided that welding is not discontinued bgfore
deposition é¢fthe-minimumnumber-of passes—specifiedinthe WPRSH not-speeifiedinthe WPY, the

minimum number of passes to be completed before interrupting welding shall be by agreement.

Upon discontinuation of welding, the joint shall be wrapped in dry insulating and heat-resisting material
with a waterproof backing for cooling in a slow and uniform manner.

Prior to the recommencement of welding, the joint shall be reheated to within the interpass temperature
range specified in the WPS.

Partially completed welds should be rejected when welding has been interrupted before the completion
of three passes. Additional inspection may be specified in case completion of such welds is permitted.
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9.19 Post-weld heat treatment

9.19.

1 General

The entire circumference of the joint shall be heated in a uniform manner, without overheating, in
accordance with the procedure stated in the WPS.

PWHT procedures should be submitted to the company for approval.

9.19.

2 Methods of heat treatment

PWH

If thi
circu

othe
radiy

Suffi
is no
than
zone

requ

Bran|
widt
from|

Asse
inac
mini

9.19

The
The
spec

For f|
furn
furn

Duri
150 {

mference, centred around the girth weld, using an electrical resistance mat)\gas-fire

" methods by agreement. The width of the band shall not be less than 5+/7 X@,Where ris
s of the larger component, and t is the thickness of the thicker component.

Cient insulation shall be fitted to ensure that the temperature of thexweld and its heat-a

half the peak temperature. In addition, the adjacent portion df)the assembly outside
shall be thermally insulated so that the temperature gradient is not harmful. T

rement, the total insulated band width should be at least/10v/7 Xt .

ches may be locally heat-treated by heating a circumferential band around the entire ag

h of the heated band shall include the branch weldand atleast 2,57 Xt ofthe pipe in ed
the edges of the branch weld.

blies of different wall thicknesses may beplaced in the same furnace charge for PWHT]
rordance with the requirements for PWHT of the thickest assembly in the charge, prov

3 Post-weld heat-treatment procedure

PWHT holding time at teimperature shall be a minimum of 2,5 min per millimetre ¢
holding temperature shall be (580 + 20) °C. Other holding times and temperature raj
fied if warranted for.the composition and condition of the material to be treated.

urnace heat treatment, the temperature in the furnace at the time the assembly is g
ice shall notrexceed 400 °C, and the assembly shall not be removed from the furng
hce temperature has fallen below 400 °C.

g heating and cooling above 400 °C, the temperature variation of the assembly shal
C inahy 4,5 m of assembly length.

T shall be carried out by placing the complete welded assembly in an enclosed furnacg.

s is not practicable, girth welds may be heat-treated locally by heating a band~aroun(d the entire

d muffles or
the internal

ffected zone

F less than specified in the WPS, and that the temperature at theedge of the heated band is not less

the heating
0 meet this

sembly. The
ch direction

and treated
ded that the

mum thickness of the charge is not less than 50 % of the thickness of the thickest assebly.

f thickness.
1ges may be

laced in the
ce until the

| not exceed

For
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not exceed

5 500/t °C x h-1, and the rate of cooling while above 400 °C shall not exceed 6 875/t °C x h-1 with ¢
expressed in millimetres.

Below 400 °C the weld or assembly may be cooled in still air.

The maximum and minimum temperatures of any part of the assembly or weld zone at the holding
temperature shall not exceed the PWHT temperature range specified above. Temperatures shall
be measured, using thermocouples in effective contact with the steel, at sufficient locations on the
assembly to monitor and ensure that the whole assembly, or zone where applicable, is treated within
the specified temperature range. Additional pyrometers should be used to confirm that undesirable
thermal gradients do not occur.
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9.20 Pipe and weld record

The weld numbering system shall be established by agreement before commencement of welding. The

documentat

ion addressed in Clause 12 should be traceable back to individual weld numbers.

10 Non-destructive testing

10.1 General

This clause specifies the requirements for performing manual and mechanized NDT.

The compar
frequency a

NDT proced

Results of N

Consideratipn should be given to the possible need to delay NDT for a certaincime after completi

welding, as

NOTE
the risk of su
made with ce

10.2 NDT |

Personnel shall meet the requirements of the following:

a) ASMES
b) 150971

The roles an

10.3 NDT |

NDT proced
for which th

Practical dg
temperatury

The make a
approval of

jures shall be submitted to the company for agreement before commencement of weldi

The need for a delay period is generally greater for those welding sititations which are likely to inc|

y shall specify the requirements for frequency, extent and method of NDT; othenwis
hd extent shall be as stated in ISO 13623:2009, 10.4.2.

DT shall meet the acceptance criteria specified in Clause 10 for the NDTranethods empl

hny delayed cracking due to hydrogen might not occur immediately upon cooling.

Ch cracking. In this regard, it is important to note that the crackihgrisk is potentially higher in
llulose-coated electrodes and also increases with increasing pipe strength or wall thickness.

bersonnel

bction V, for visual examination;
P for other NDT.
d responsibilities of NDT personnel shall be as defined in ISO 9712.

procedure approval

ures shall be approveéd by practical demonstration on welds similar to the production y
e procedure willbeused.

bmonstrations \shall be conducted under anticipated field conditions and with
s as foreseéen*during the testing of production welds.

d typé.of NDT equipment for testing of production welds shall be the same as used fq
NDT procedures.

e the

ng.
byed.

on of

rease
welds

velds

weld

r the

10.4 Visual examination

VE procedures shall define the following:

use of d
surface

method

magnifi

34

irect or remote viewing;
condition;

or tool for surface preparation;

requirements for illumination, including instruments or equipment;

cation level, if applicable;

checklist of features to be examined;
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— sequence of examination, if applicable;
— data to be documented;
— format of report including report forms to be used.

VT shall be carried out in accordance with ASME Section V.
10.5 Radiographic testing

10.5.1 Technique

Testilng shall be by X-ray in accordance with ISO 17636-1:2013, Class B. Gamma-ray testing’may be used
only fif agreed by the company.

10.5|2 Procedure

Radipgraphic procedures shall, where relevant, define the following:

— pipe diameter and wall thickness;

— radiation source;

— {fechnique (equipment rating, in voltage, external or intermal’equipment);

— geometric relationships (source focal-spot size, film*focus distance, object-film distange, radiation
angle with respect to weld and film);

— penumbra or geometric unsharpness;
— {ilm type (trade name, designation and dimensions);
— intensifying screens (front and/or back, material thickness, filters);

— ¢xposure conditions;

— processing (developing time/temperature, stop-bath, fixation, washing, drying, manual pr automatic
rocessing);

— IQI sensitivities, in per-eent of wall thickness, based on source- and film-side indicators, respectively;
— (lensity;
— fiilm overlap;

— eld joint geometries;

— femperature of welds during inspection;

— archival life;

— initial source strength.

10.5.3 Procedure approval testing

During radiographic procedure approval testing, wire-type IQIs shall be placed both on the source
side and on the film side. Only one IQI is required for each radiograph for short film lengths where the
distance between IQIs would be less than 100 mm.

IQIs shall be wire type. Sensitivities for source-side 1QIs shall, for both single wall and double wall
techniques, be in accordance with ISO 17636-1:2013, Class B, and Table 6 of this International Standard.
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At least two radiographs shall be taken during the procedure approval testing.
All relevant data on the procedure approval testing, including results, shall be documented.

Radiographs from the procedure approval testing shall be kept available on site for reference throughout
the period of production welding.

Table 6 — IQI sensitivity requirements for source-side IQI with single-wall single image

technique
Pipe wall thickness IQI wire diameter

mm mm
<6 0,10
6to8 0,125
810 10 0,16
10to 16 0,20
16 to 25 0,25
25t0 32 0,32
32to0 40 0,40
40to 50 0,50

10.5.4 Information on radiograph

The radiogrpph shall contain the following information:

— project hame, project number and pipeline identification;

— weld nujmber;

— whethef the radiograph is of a repair weld, ef:a replacement weld or a re-shoot of radiograph;

— marKker(s) indicating the position of the radiograph in relation to the weld.

10.5.5 Weld coverage

A sufficient number of film expo§ures shall be taken to give full circumferential coverage of the welds.
Film overlaps shall not be lesssthan 40 mm.

10.5.6 Intensifying screens

Front and bjck intensifying fluorometallic screens with a maximum thickness of 0,02 mm may befused
by agreement.

10.5.7 Radiuglaphit. dcuoit_'y
The density for isotopes shall not be less than 2,5.
Densities shall be measured at regular intervals.

All radiographs shall be viewed in dry condition.

10.5.8 Film storage

Radiographs shall be stored in suitable boxes in sequence with the weld numbering. Radiographs of
rejected welds, repairs and re-shoots shall be stored together.
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10.5.9 Radiographic images obscured by buckle-detector cable

Welds shall be radiographed again if starts or stops of welds are obscured on the radiograph.
10.6 Ultrasonic testing

10.6.1 Procedure
UT procedures shall define the following:

— type of UT equipment;

— fype and dimensions of transducers;
— Tange of frequencies;

— 1nethod of calibration;

— gurface requirements;

— ¢oupling medium;

— festing techniques;

— yveld identification method;

— Treporting requirements;

— yveld joint geometries;

— tlemperature range of welds during testing.

10.6}2 Equipment
UT efquipment shall meet the requirements in ASME, Section V.
For dffshore applications, probeSishall be suitable for use on surfaces with elevated temperptures.

The pame of the manufacturer/ the identification number, the transducer frequency, the refraction angle
and the output point shall\be clearly marked on each probe.

10.6|3 Calibration and construction of reference curve
Reference DAE-cturves shall be made in accordance with ASME Section V.

Calibratiotr-block No. 2 in accordance with ISO 7963 may be used for calibration of rangg. This block
shalllnet be used for determining sensitivity.

Whenever material, bevel geometry, welding method or other factors call for additional considerations
in flaw detection, preparation of special calibration test pieces is required.

The sound path length from the transducer to the reflector shall not be less than 0,6 N, where N is the
near-field length of the probe.

For testing of welds with surfaces at elevated temperatures, calibrations shall be made at the same
surface temperatures and with the same couplant as during the testing of production welds or by using
a correction table constructed by practical experiments.

10.6.4 Manual ultrasonic testing

Testing shall not be performed on surfaces with roughness or irregularities which cause the transfer
measurement to vary by more than 3 dB. The total value of transfer correction should not exceed 6 dB.

© IS0 2013 - All rights reserved 37


https://standardsiso.com/api/?name=8f987d5bf1376619a01c3ae83fd8fe0c

ISO 13847:2013(E)

Tandem techniques shall be used for girth welds with a bevel angle between 0° and 10° if specified by
the company.

When using straight-beam probes for weld testing, the DAC curve shall be drawn similarly to that for
angle probes.

The length of indications shall be defined as the circumferential distance over which the echo height
exceeds the reporting level.

10.6.5 Mechanized testing

1 - S LI - A o, 1.1 del
UT Shall be Uy HITUIHAIITZCTU U T TUUIPIHICTHUIT SPTLITNICTU Dy LT CULILTP dILY.

Mechanized| equipment shall be capable of providing reproducible tests and permanent recerds} and
shall be capable of identifying defects in accordance with the categories specified in 10.5,

AUT shall bg in accordance with Annex G.

10.6.6 Evaluation of indications

Allindications exceeding the DAC curve by more than 20 % shall be investigatéd and reported. Indications
exceeding t}re DAC either by more than 50 % or 6 dB shall be reported and evaluated in accordancefwith
Clause 9. Lepgth, position, and amount by which the DAC is exceeded tagether with echo character|stics
shall be dochmented for these indications.

10.7 Magnetic particle testing

Specificatiofs for MT procedures shall define the followings

— description and dimensions of material to be examined;

— welding process;

— type of magnetization;

— type of pquipment;

— surface|preparation;

— wetor dry testing;

— make and type of magnetic particle and contrast paint;

— method|for determining the magnetic field strength in the material;

— method|of demagnetization (if required);

— description’of method of testing

MT should be carried out using either AC-yoke or DC-prods. DC-prods shall not be used unless specific
company agreement has been obtained. If used, prods should be tipped with lead or soft prods should
be used. Care shall be taken to avoid local heating of the surfaces to be examined. Arc strikes and burn
marks shall be ground out and the area re-inspected.

Use of permanent magnets or DC-yokes may only be used if agreed by the company.
MT shall be performed in accordance with the ASME Section V.

The method of determining magnetic field strengths in the material shall be subject to company
agreement. The field strength shall be in accordance with ASME Section V.
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MT shall not be performed when surface temperatures exceed 300 °C. Only dry MT shall be used for

tests

with surface temperatures between 60 °C and 300 °C.

10.8 Liquid penetrant testing

LPT shall be performed in accordance with I[SO 17636-1:2013 or equivalent.

Reco

mmendations by the manufacturer of the penetrant shall be followed.

10.9 NDT report

Th
—

q

All I\lDT shall be documented.
e

ocumentation shall include the following information, where appropriate:

ontract number;

dpplicable procedure specification;

veld identification;

est reports presenting the results of testing;

q

h— q

Exan

11 4

— ]lescription and location (with sketch where appropriate)of.all reportable indications;

or shop welds, reference to the fabrication drawings;

jctions taken;

— Iate of testing;

ame and qualification level of inspector;
ipproval signature of responsible inSpector.

ples of test reports as shown in Annex H may be used.

Acceptance criteria for non-destructive testing

11.1 General

The
ultra
reve

Imps

acceptance <riteria specified in this clause apply to imperfections detected by r

hdiographic,

sonic, magneétic particle and liquid penetrant testing. They may also be applied to imperfections

hled byristal testing.

rféctions shall be classified in accordance with ISO 6520-1.

11.2 Right of rejection

The company can reject any weld that appears to meet the criteria of this International Standard if, in
the company’s opinion, the depth of the imperfection is detrimental to the weld.

11.3 Visual testing

11.3.1 Weld profile

Weld reinforcement shall be uniform and shall merge smoothly with the adjacent parent metal surfaces.

Both

© ISO

external and internal reinforcement should not exceed a height of 3 mm.
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11.3.2 Undercut

When visual and mechanical means are used to determine depth, undercut adjacent to the root and
cover pass shall not exceed the lengths given in 11.4.8 and shall not be deeper than 1 mm or 10 % of the
pipe wall thickness, whichever is smaller.

11.4 Radiographic testing

11.4.1 Lack of penetration

Lack of penetration shall he unacceptable if any of the fn]lnwing conditions exist

a) Thelen
b) The agg
length
c¢) The agg
300 mm
d) Theagg
300 mn

bth of an individual indication of lack of penetration exceeds 25 mm.

regate length of indications of lack of penetration exceeds 25 mm in any contiriuiotas 30
f weld.

regate length of lack of penetration exceeds 8 % of the weld length in“any weld less
in length.

of weld or 15 % of the weld length.

11.4.2 Lack of fusion

Lack of fusi
exist.
a) Thelen
b) The agg
c) Theagg
length.
Lack of side
exists.
— Thelen
— The agg
— The agg
11.4.3 Roo

bn at the root of single-sided welds shall be unacceptable if any of the following condi

pth of an individual indication exceeds 25 min.
regate length of indications exceeds 25 @mm in any continuous 300 mm length of weld.

regate length of indications exceeds-8 % of the weld length in any weld less than 300

wall fusion or lack of inter-run fusion shall be unacceptable if any of the following condi

bth of an individualindication exceeds 50 mm.
regate length ofindications exceeds 50 mm in any continuous 300 mm length of weld.

regate length of indications exceeds 15 % of the weld length.

E concavity

Internal cojf

regate length of lack of penetration in double-sided welds exceeds 50 mm in any contin

) mm

than

uous

tions

Im in

tions

jcavity up to 25 % of the total length of weld is acceptable provided the density df the

radiographic image of the internal concavity does not exceed that of the thinnest adjacent base metal.

The criteria for burn-through in 11.4.4 shall be applied for root concavities with film densities exceeding
the density of the thinnest base metal adjacent to the weld.

11.4.4 Burn-through

Burn-through shall be unacceptable if any of the following conditions exist.

a)

that of t
b)

density
40

he thinnest adjacent base metal.

of the burn-through image exceeds that of the thinnest adjacent base metal.

The maximum dimension exceeds 6 mm and the density of the image of the burn-through exceeds

The maximum dimension exceeds the thinner of the nominal wall thicknesses joined, and the
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c) More than one burn-through of any size is present and the density of more than one of the images

exceeds that of the thinnest adjacent base metal.

11.4.5 Inclusions

The maximum dimension of an indication shall be considered to be its length when evaluating inclusions.

Parallel linear indications separated by approximately the width of the root bead (wagon tracks) shall
be considered as single indications if the width of either of them is 0,8 mm or less and as separate
indications if their widths exceed 0,8 mm.

Incl
a)
b)
‘)
d)

e)
f)

g)
h)

11.4{6 Porosity

The
a)

b)

. 1 111 R M | e Ll Larll . - .
SIUILS SIIdITUT UIldLLTPLADUIT I dlly U LIIT TUTTUW Il 5 CUIIUILIUILS TXAIST.

The length of a linear inclusion exceeds 50 mm.

The width of a linear inclusion exceeds 1,6 mm.

weld.

¢ontinuous 300 mm length of weld.

ils less.

weld.

following conditipns exist.

1) The size’of an individual pore exceeds 3 mm.

joined.

The aggregate length of linear and isolated slag in€lusions exceeds 15 % of the weld length.

$ize of a pore shall bethe maximum dimension of the indication seen on the radiograph.

The aggregate length of linear inclusions exceeds 50 mm in any continuous 300 mm lernjgth of weld.

The aggregate length of isolated slag inclusions exceeds 50 mm in any.continuous 300 mm length of

The width of an isolated slag inclusion exceeds 3 mm or 50 %®f the wall thickness whichever is less.

More than four isolated slag inclusions with the maximum width of 3 mm are pr¢sent in any

The width of a copper or tungsten inclusion ex¢eeds 3 mm or 50 % of the wall thicknes$, whichever

The aggregate length of copper or tungsten inclusions exceeds 12 mm in any continupus 300 mm
length of weld or more than four such inclusions are present in any continuous 300 mm length of

Individual gas pores or uniformly distributed porosity shall be unacceptable if any of the

2) Thesize of an individual pore exceeds 25 % of the thinner of the nominal wall|thicknesses

) The total area, when projected radially through the weld, shall not exceed 2 % of the projected
weld area in the radiograph. The area shall be the length of the weld affected by the porosity

(with a minimum length of 150 mm) times the maximum width of the weld.

Clustered porosity present in any pass except the cover pass shall comply with the above criteria
for individual gas pores or uniformly distributed porosity. Clustered porosity present in the finish

pass shall be unacceptable if any of the following conditions exists.

1) The size of the cluster exceeds 13 mm.

2) The aggregate length of clustered porosity exceeds 13 mm in any continuous 300 mm of weld

length.

© IS0 2013 - All rights reserved

41


https://standardsiso.com/api/?name=8f987d5bf1376619a01c3ae83fd8fe0c

ISO 13847

:2013(E)

3) Anindividual pore within a cluster exceeds 2 mm in size.

bead sh

all be unacceptable if any of the following conditions exists.

1) The length of an individual indication of hollow bead exceeds 50 mm.

Hollow-bead porosity is defined as elongated linear porosity that occurs in the root pass. Hollow

2) The aggregate length of hollow bead exceeds 50 mm in any continuous 300 mm of weld length.

3) The aggregate length of hollow bead exceeds 15 % of the weld length.

11.4.7 Cracks

Cracks, othé|
length shall

11.4.8 Undercut

Undercuttin
a) The agg
300 mn{

b) The agg

11.4.9 Accumulation of discontinuities

Any accumu
a) The agg
b) The agg

11.5 Ultra

11.5.1 Gen

Indications {
testing and

rthan crater and star cracks, shall not be permitted. For crater and star cracks, theqaxi
be 4 mm.

g shall be unacceptable if either of the following conditions exists.

regate length of undercut, both external and internal, exceeds:50 mm in any contin
of weld length.

lation of discontinuities shall be unacceptable if‘either of the following conditions exis
regate length of indications exceeds 50 mm.in any continuous 300 mm of weld length.

regate length of indications exceeds 15% of the weld length.
Sonic testing

eral

rom UT shall be evalyated in accordance with the acceptance criteriain 10.4 for radiogr
11.5.2 and 11.5.3.

11.5.2 Sph
Indications

Non-planar

brical porosity
dentified as porosity may be classified as non-planar indications.

indications which cover a projected area of not more than 2 % on a radiograph shsz

considered ;

regate length of undercut, both external and internal, exceeds 15 % of the weld length|.

muim

uous

ts.

iphic

1l be

hceeptable.

Spherical porosity may be classified as a planar indication with the area containing the porosity being
evaluated as a single planar imperfection in accordance with 11.5.3.

11.5.3 Linear indications

All indications that produce a response greater than 20 % of the reference level shall, to the degree
possible, be investigated to determine the location, shape, extent and type of reflector, and shall be
evaluated in accordance with the following criteria.

a) All cracks are unacceptable, regardless of size or location in the weld.

b) Linear indications (other than cracks) interpreted to be open to the surface are unacceptable if they
exceed 25 mm in total length in a continuous 300 mm length of weld or 8 % of the weld length.

42

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=8f987d5bf1376619a01c3ae83fd8fe0c

ISO 13847:2013(E)

c) Linear indications interpreted to be buried within the weld are unacceptable if they exceed 50 mm
in total length in a continuous 300 mm of weld or 15 % of the weld.

11.6 Surface testing

11.6.1 Classification of indications

Indications with a maximum dimension of 2 mm or less shall be classified as non-relevant. All larger
indications, even if considered not to be detrimental, shall be regarded as relevant until re-testing
following surface conditioning.

Indidations with a length of more than three times the width shall be classified as linear|indications.
Indidations with a length of less than three times the width shall be classified as rounded indications.

11.6{2 Acceptance criteria

The following acceptance criteria apply to surface testing using either magnetic parti¢le or liquid
penetrant.

Releyant indications shall be unacceptable if either of the following cenditions exist:

a) Inear indications evaluated as cracks;

b) linear indications evaluated as incomplete fusion exceeding 25 mm in aggregate [length in a

¢ontinuous 300 mm length of weld, or 8 % of the weld\length.

Rounded indications shall be evaluated in accordancewith the acceptance criteriain 11.4.6 for individual
and flustered porosities. For evaluation purposes,the maximum dimension of a rounded indication
shall|be considered its size.

Veriffication may be obtained using other NDT-methods in case of uncertainty of the type of discontinuity
disclpsed by an indication.

11.7 Discontinuities in pipe or fittings

Laminations, arc burns, long'séam discontinuities and other discontinuities in the pip¢ or fittings
dete¢ted during non-destruetive testing or visual testing shall be reported to the conjpany. Their
dispgsition by repair orremoval shall be as directed by the company.

11.8 Acceptance criteria — ECA

At the option.ofithe company only, an ECA may be used to derive alternative acceptance criteria. An ECA
should be performed in accordance with accepted industry practices such as BS 7910, AP| 1104:2010,
Appégndix A7 or EPRG guidelines.

NOTL Ear EDDC oynidalinac can Dafaranecn [22]
TOTrTETrivog 5

ECAs shall be documented. All input data and assumptions made during the assessment shall be included
in the documentation.

12 Repair and removal of defects

12.1 General

Weld repairs shall be made in accordance with the original WPS or a documented repair welding
procedure specification.
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A WPS for repair welding shall be approved in accordance with Clause 7, except that the extent of testing
shall be established by agreement.

12.2 Authorization for repair

Repair of defects in the root and filler passes and weld repairs made from inside the pipe shall be

permissible

only if agreed by the company.

12.3 Multiple repairs

A weld shot

1d he rpjp{‘fpd and remaved in case of failure to meet the acceptance criteria of cause 10

following orj

If permitted

by the company, repair-on-repair welding shall be carried out in accordance With a

procedure approved following test welding on repaired weld metal.

12.4 Defec

Welds not cq

weld remov

Defects shal
air-arc goug
used, the laf
Air-arc goug

AWS C5.3.

Complete w

Weld excavd

confirm the

Repairs sha
weld length
methods wi

case of instg

Repaired ar
testing reve

original def§

It is not nec

t removal and preparation for repair

mplying with the acceptance criteria of this International Standardshall be repaired d
bd completely.

1 be removed by chipping, grinding, machining or air-arcgeuging, followed by grindi
ing or thermal cutting is used, appropriate preheating shall’be applied. If air-arc goug
t 3 mm through the root pass of the original weld shall\be removed by mechanical m
ring shall be controlled by a procedure documenting.the allowed variables as requirg

blds shall be removed by thermal cutting or machining.

tions shall be sufficiently deep and longto remove the defect. NDT of the excavated ar
complete removal of the defect shall.be performed before commencement of repair wel

[1 be limited to 30 % of the weld\length for a partial-penetration repair, or 20 % d
for a full-penetration repair, More stringent limitations can be necessary for constru

llation from a barge.

eas shall be examined using the same testing method which located the defect. Shoul
al further imperfections, they shall be evaluated as new imperfections, i.e. remnants
pct may remain-if-within the acceptance criteria of this International Standard.

bssary to perform NDT on the complete weld again. A sufficient length beyond the en)

the repair should belexamined.

13 Docun

hentation

e attempt to repair. Repairs not requiring welding shall not be counted as weld repdiss

D.

WPS

r the

ng. If
ngis
Pans.
ed by

ba, to
ding.

f the
ction

[h significant loads or deformation at the location of the weld repair station, for examjple in

d the
f the

ds of

Quality records should include the following:

WPSs;

44

record of contract/design review;
materials certificates;

consumable certificates;

welding procedure approval test records;

welder or welding operator approval certificates;
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— non-destructive testing personnel certificates;

— heat treatment records;

— non-destructive testing and destructive testing procedures and reports;
— dimensional reports;

— records of repairs and other non-conformity reports.

The retention period and location of the records shall be decided by agreement.
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Annex A
(informative)

Special requirements for welding of CRA pipelines and CRA-clad

steel pipelines

A.1 Gene
This annex
pipelines. T
this Interna

A.2 Spec
The WPS sh

ral

covers the requirements specific to the welding of CRA pipelines and CRA-¢lad
he requirements below are suggested as a supplement to those given in the main bo
Fional Standard.

fication and approval of welding procedure

buld additionally specify the following:

— minim
minim
minim

descrip

For CRA-cla

the centreline of the root pass, 1 mm below the surface. The complete chemical analysis should mee

requiremen

For austenit
should be m
approved by

The comparn
service.

The additio
variable. A
variable.

A change frd

period of backing-gas application prior to commencement of welding;
period of backing-gas application during welding;
period of backing-gas application after welding;

fion of the back-purge dam type and methaod;

1 steel pipe, a chemical analysis should bhe,performed on the approval test weld, at a poi

s of the specified cladding material'or as otherwise specified.

ic/ferritic alloy pipe, a ferrite ‘count should be performed on the approval test weld.
basured by either a point cofint'on a metallographic specimen or estimated by other met]
the company.

y may specify corresion tests to demonstrate adequate corrosion resistance of the wg

h or deletion)of’a second filler wire in the GTAW process should constitute an essg
change from-hot to cold wire addition or vice versa should also constitute an essg

m astringer pass technique to an oscillating technique in the root pass, or vice versa, s}

steel
dy of

nt on
t the

This
hods

Id in

ntial
ntial

ould

constitute a

h €éssential variable.

A reduction in the time for establishing the back purge prior to welding should constitute an essential

variable.

A reduction in the number of passes deposited before discontinuing back-purging should constitute an
essential variable.

A.3 Prod

uction welding

Storage and handling of CRA and CRA-clad steel pipe should be such that contact with other materials is
minimized. Lifting gear, clamps and rollers should be of stainless steel or coated.
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Tools (e.g. earthing clamps, brushes) should be of stainless steel. Grinding discs should be fit for stainless

steel

Pipe

and should not have been used on other materials.

ends should be prepared by machining.

Weld surfaces should be thoroughly dried before welding. The welding preparation of CRA and CRA-clad

steel

should be cleaned by an organic solvent which does not contain chlorine compounds.

Prior to welding of pipe and pipeline components, internal misalignment should not exceed 1 mm.

Internal line-up clamps should have stainless-steel contact shoes to prevent contamination of the clad

layer.

Weld
All W

ing processes using filler metal should be used for all root passes.

elds should be a continuous operation and multi-pass.

The maximum interpass temperature should be 150 °C.

Post;

For
corr
pass

For (
alloy]

Cons
carb
recoj

The
to en|
shou

weld heat treatment should not be performed, unless specifically requested.

[RA-clad steel pipe, the chemical composition of the filler metal\should be selected|
sion resistance of the deposited root pass matches or exceeds that of the cladding. The
filler metal should match the yield strength of the base matetial.

RA pipe, the filler metal should match both the yield strength and the corrosion resig
material.

umables for welding of CRA pipelines or CRA*clad steel pipelines should be segr¢
bn steel consumables. They should be stored. and handled in accordance with the ma
mmendations.

sure that the backing environment gonitains no more than 0,05 % (500 x 10-6) of oxygé
Id be determined during the welding of the test pieces.

The @ise of hydrogen in the backirg/shielding gas is not permitted.

The 4

hielding gas back-purgeshould normally be maintained throughout the welding operati

when the thickness of theweld is sufficient to prevent oxidation of the root pass by subseq

back

A4

IfUT
of ladg

purging may be discontinued. This should be verified during the welding of the test pi

Proceduré¢for non-destructive testing

is speecified for CRA or CRA-clad materials, the testing procedure should be approved f
k of pénetration and lack of fusion in the root of the weld.

so that the
fill and cap-

tance of the

bogated from
nufacturer’s

pback-purge should be initiated for sufficient time before commencement of the welding operation

n. This time

on, however

uent passes,

eces.

or detection

Radi

A.5
Lack

A.6

boranhv should be nerformed usinc ultrafine-grain film
o r*rJ r o o

Acceptance criteria for non-destructive testing

of fusion and lack of penetration in the root of the weld should not be permitted.

Repair and removal of defects

For CRA-clad steel pipes, welds containing a root defect should be cut out and rewelded.

© ISO
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Annex B
(informative)

Hyperbaric welding

B.1 General

The use of h
Typically th
acceptance

Anaccepted
API 1104 foq
welder appr

Duetothes
necessary tg

A list of sug
below.

B.2 WPS

Test weldin

e work is performed by a specialist contractor with prior experience in this\field
‘riteria for the finished weld should be the same as for similar welds made inAir.

code forunderwater weldingis AWS D3.63). This International Standard curféntly referg
acceptance criteria for pipeline welds and includes multiple additional weld procedur
oval requirements.

bvere environmental conditions and stringent welding requireménts, added precaution
protect the personnel.

gested requirements for hyperbaric welding between _two pipeline components is of

approval

b for WPS approval should be conducted on-pipe of the same diameter, wall thicknes

material composition as the intended production joint and under conditions simulating the produ

weld as clos
that at the j

The test pie
weld made ¢

Satisfactoryj
that depth p

The followir
a) preheat]
b) humidit

e as possible. The welding equipment, including the electrical cable, should be the sar
b site.

ce for WPS approval should meet all of the requirements of this International Standard
n the surface at one atmosphere.

test welding at the simwulated depth should qualify production welding in the range
lus 10 m to —20 % of it

1g additional essential variables should be recorded:
ing methods;

y in the-welding chamber;

c) gas conj

yperbaric welding requires special welding procedures and the use of skilled diver-wellders.

The

nces
b and

S are

fered

and
ction
he as

fora

from

pOsition in the welding chamber;

d) packagi

ng means and methods used to transfer electrodes into the welding chamber.

B.3 Welder approval

A welder should pass an approval test in a simulated environment for each WPS to be used within six
months prior to the proposed weld.

In addition, welders should provide documentation satisfactory to the company to show that they meet
all medical regulatory requirements for diving at the proposed location.

3) This code has been approved by the International Institute of Welding (IIW) as Doc. CREAU-143 and is being
recommended for adoption as an International Standard, to be developed by ISO/TC 44.
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Operators of mechanized equipment may be approved using alternative methods to be defined by
agreement.

B.4 Production welding

A confirmation test weld at least 150 mm long should be produced in the chamber before production
welding begins, to confirm that the welding system is operating correctly.

Alltestand production welding should be monitored from the surface using video cameras or equivalent.

B.5 | Inspection and testing

Detajled procedure specifications should be used for the methods of inspection and‘equipment to be
used| These should be prepared in accordance with the requirements of this Interriational Standard and
should be fully approved prior to use.
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Annex C
(informative)

Recommendations for brazing and aluminothermic welding of

anode leads

C.1 Joini

Full details
approval pr

C.2 Spec

C.2.1 Gen
Prior to stay

The proced
company, ol
represent th

The electric
strength of {

All three of
described in

C.2.2 Copper penetration measurement

The depth
metallograp
surface. Intg
line when a

C.2.3 Har

Each test se
The travers
weld/braze

ng technique

bf the joining technique and associated equipment should be submitted to the ¢gmpar
or to use. The procedure should conform to the manufacturer’s recommendations.

fication and approval of procedure

eral
ting, the contractor should submit a procedure specificatienito the company for agree

ire should be approved by making three consecutive.test joints, in the presence o
material to be used in production. The test materidl'should be selected by the compa
e upper quartile of the carbon equivalent range.

he weld should be tested by means of a shatp' blow from a 1 kg hammer.

the test welds should be sectioned and prepared for metallographic testing. The
C.2.2 and C.2.3 should be performed‘'on the sections.

of copper penetration-below the surface of the pipe material should be meas
hically. The fusion line of'the weld or braze should not be more than 1 mm below the

kpecimen is examined at a magnification not exceeding x50.

dness survey

ction sholld be tested using a 98,07 N load. A traverse should be made across the weld
e should consist of at least six impressions; two in the heat-affected zone each side d
and one in the parent metal each side of the weld/braze.

y for

nent.

f the
ny to

hl resistance of each weld should be measurediand should not exceed 0,1 Q. The mechanical

tests

ured
pipe

rgranular copper penetration of pipe material shall not exceed 0,5 mm beyond the flision

zone.
f the

The hardness values should not exceed 275 HV1g for sour service and pipe thickness less than 9,5 mm,
300 HVqg for sour service and pipe thickness above 9,5 mm and 325 HV for non-sour service.
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Annex D
(informative)

Branch and fillet welding on in-service pipelines

General

This
pipe
and

NOTH
throy
use o
The 1
for a

NOTH

In-se
flow

The j
a)
b)

1

1
q

The
Inter

D.2

D.2.1
in-se

during the in-setvice welding and the recommendations for supervision, safety induction an

resp

i

annex provides recommendations for the welding of branch connections or sleeves-g
nes. This annex is not applicable to the welding on existing pipelines that have-been f|
ecommissioned.

1 Therecommendationsinthisannexhavebeendrafted withthe objective ofmanagingther
gh and hydrogen cracking, which are the two primary concerns when welding.6n in-service {
f low hydrogen welding filler metal and/or low yield filler metal can reduce)the risk of hydro
isk of burn-through can be reduced by establishing the minimum wall«thickness and maximy
biven operating pressure and flow condition.

2 This annex is applicable for the welding of branch connections for hot-tapping on in-serv

rvice piping is piping containing a service fluid which may or may not be pressur
ng. Examples of service fluids are oil crude, natural gases and petroleum products.

bipeline operator should specify additional safetjnimeasures when the risk exists of

he service fluid becoming explosively unstable upon the application of heat of the pote

orrosion cracking or embrittlement:

Frecommendations in this annex.dpply in addition to the requirements in the main
national Standard unless stated otherwise.

General recommendations

Pipeline operators should include in their operating and maintenance manuals pr
rvice welding \Such procedures should amongst others include the maximum pipeli

nse.

Production welds should not be made atweld cooling rates or restraint levels that arg

n in-service
ully isolated

skofburning
ipelines. The
pen cracking.
m heat input

ice pipelines.

ized and/or

htial, and/or

he service fluid may affect the pipelide material by rendering is susceptible to ignlition, stress

part of this

bcedures for
e pressure

:Iin
emergency

higher than

Welding on

in-service piping w1th a thlckness less than 6, 4 mm should be performed usmg weldlng procedures that
control the potential for burn-through.

NOTE 1

procedure specification can result in burn-through areas.

NOTE 2

NOTE 3

Both the type of fluid and the flow rate influence the weldment cooling rate.

Cooling rates that are much lower than the cooling rates used in the qualification of the welding

References [31] and [32] provide information on the evaluation of cooling rates and heat input.

D.2.3 Weld beads directly on the pipe surface should be tempered by an additional weld pass.
Consideration should be given to the complete removal of the final tempering pass by grinding.
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D.2.4 Low-hydrogen welding practices should be used where rapid cooling of the weldment is

anticipated.

D.3 Specification, testing and approval of WPS

D.3.1 Procedure specification

D.3.1.1 Essential information

The WPS for in-service welding should include the following additional information:

a) the spe
which t

b) the pips
configu
NOTE

rified minimum yield strength and the maximum carbon equivalent of the materid
ne procedure applies;

line operations conditions, such as service fluid, operating pressure, flow rate, type of
ation, weld geometry and weld fit up during the in-service welding;

The service fluid, operating pressure and flow rate are normally specified by the pipeline ope]

c) the req:[ired heat input range, and procedure for heat input and heat input'control;

d) thereq

D.3.2 Essq
The followir

a) pipeling

ired weld deposition sequence.

pntial variables
ig additional recommendations apply for essential variables for in-service welding:

operating conditions: a change in operating.conditions which can result in a cooling

above the rate specified in the procedure specification;

b) carbon
than 0,(

equivalent: an increase in the carbon equivalent of more than 0,02, or the CEpcm of
1, from that of the material used forthe WPS qualification;

c) pipe walll thickness: minimum pipe wall thickness related to pipeline operating condition is;

d) weld dg
deposit

e) filler mj

f) pipe po

bposition sequence: a change from a temper bead deposition sequence to some
on sequence;

iterial: a change of@mgke or brand and type of filler material;

pition: a changé irithe position of the pipe by more than 10 degrees in the vertical.

D.3.3 Welding oftest pieces

Test pieces 3

houldbe welded in accordance with the-preliminary WPS and be of sufficient size to pr

Is to

weld

rator.

rate

more

bther

vide

the test spe

fimen recommended in this annex for approval testing of the welding procedure.

The cooling rates and type of weld configuration and fit up should be representative for the production
welding to be qualified.

During welding all essential variables should be measured and recorded.

D.3.4 Inspection and testing of test pieces

D.3.4.1 Scope of testing

The extent of testing of the test pieces for WPS should be in accordance with Table D.1.

Test specimens should be cut from test welds at locations as shown in Figure D.1. The sides should be
smooth and parallel, and the long edges rounded. The sleeve or branch and weld reinforcements should
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be removed flush with the surfaces, but not below the surface of the test specimen. Any undercut should

not

be removed.

Table D.1 — Testing for WPS approval for fillet and branch connection welding on in-service

pipelines

e of inspection/test Extent of testin
P P g

Face bend test 2 specimens for d < 60,3 mm
4 specimens for 60,3 mm < d < 323,9 mm

5 specimens for d =2 323,9 mm

Macro section 2 specimens for d < 60,3 mm
4 specimens for 60,3 mm < d < 323,9 mm

5 specimens for d = 323,9 mm

Macro-examination and hardness test 2 specimens

D.3.

The

spec

the

spec

The
any

weld

less

D.3.

The

secti

The
and

slag

D.3.

For

show

The
of fi

4.2 Face-bend testing

mens should be placed on the die with the weld at mid-span¢Test specimens should be
hce of the weld directed toward the gap. The plunger should be forced into the gap u
men is approximately U-shaped.

f]

face-bend test should be considered acceptable if, after bending, no openings or impe|
lirection, exceeding the lesser of 3 mm and 0,5 timés the nominal wall thickness are p}
metal or the heat-affected zone. Cracks that originate along the edges of the test speci
han 6 mm, measured in any direction, should;be disregarded unless obvious defects a

q

[

4.3 Macrosection tests

macrosection test specimens should be treated with a suitable etchant to clearly
pns of the weld metal and heat-affected zones.

btched macrosection testSpecimens should be visually inspected and show complete
usion, and there should be no cracks, gas pockets with the greatest dimension exceed
nclusions exceeding(“'mm in depth, or concavity or convexity exceeding 3 mm.

f

4.4 Macro examination and hardness testing

the qualifidation of welding procedure specifications, two cross-sections, cut from

n in Figure D.1 should be prepared for hardness testing as specified in ASTM E92 or E

ardness of the deposited weld metal and the heat-affected zone should be determined.

test specimens should be bent in accordance with API 1104;2010 appendix B, Figiire B5. Test

placed with
ntil the test

rfections, in
'esent in the
men and are
e observed.

show cross-

penetration
ing 1,5 mm,

locations as
N 1321.

A minimum
he.

\Te indentations should be made in the coarse-grained heat-affected zone at each weld t

Hardness values should not exceed 350 HV1g. Welding procedure specifications resulting in weld metal
or heat-affected zone hardness values in excess of 350 HV1g should be evaluated to determine that they

are

suitable for the avoidance of hydrogen-induced cracking.

In service welding on pipelines that have been exposed to sour fluids is not recommended. For in-service
welding on pipelines not yet exposed to sour service, but intended to be exposed at a future time, the
recommendations for sour service of Table 2 apply.
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4

NOTE Two qr more test welds might be required to provide sufficient material

Key

54

a) Location of test specimens for pipe with d < 60,3 nim

area ] for one face bend test specimen and one macro-examination and hardness test specimen
area 2 for one macrosection specimen
area 3 for one face bend test specimen and one macro-examinatioh.and hardness test specimen
area 4 for one face bend test specimen

b) Location of test specimens for pipe with 60,3 mm < d <323,9 mm

area 1 for one face bend test specimen and one macrosection specimen

area 2 for one face bend test specimen, one macrosection specimen and one macro-examination and
hardness test specimen

area 3 for one face bend test specimen, one macrosection specimen and one macro-examination and
hardness test specimen

area 4 for one face bend test specimen and one macrosection specimen
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c) Location of test specimens forpipe with d > 323,9 mm

Key
area 1 for one face bend test specimen and oneZmacrosection specimen
area 2 for one face bend test specimen and.ofte macrosection specimen
area 3 for one face bend test specimen, onie macrosection specimen and one macro-examinatipn and
hardness test specimen
4 area 4 for one face bend test specimen and one macrosection specimen
5 area 4 for one face bend test specimen, one macrosection specimen and one macro-examinatipn and

hardness test specimen

Figure D.1 — Location of test specimen

D.4 | Testing and approval of welders

D.4.1 Forthe approval of in-service welding, welders should make a test weld as recommended in
ClaugeB,3 for the testing and approval of the WPS.

D.4.2 A welder should be approved if all recommendations in Clause D.3 for the approval of the WPS
Welders have been satisfied.

D.5 Production welding

D.5.1 Safety

The pipeline operator should specify the maximum safe operating pressures and minimum flow
conditions during the in-service welding.
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Welders should be instructed by, or on behalf of, the operating company on the prevention of burn-
through, prevention of hydrogen-induced cracking, measures for personnel safety and measures for
emergency response.

D.5.2 Inspection of in-service pipe

Before welding is performed on in-service piping, the areas to be welded should be inspected with
applicable non-destructive testing techniques to determine the adequacy of wall thickness and that they

are free of imperfections that can adversely affect the weld.

D.5.3 Use

All welding
this Interna

D.5.4 Supervision

Welding on
a) welderg

b) contrac

the pre{

D.5.5 Weld testing

Welds (incly
inspected fd
and, where g
and distanc

The compan

of approved WPS and welders

khould be performed in accordance with WPS and by welders approved in accordance
fional Standard.

n-service piping should be performed by
employed by the operating company; or

I welders supervised by an operating company representative responsible for adheren
cribed procedures.

ding those in branch connections) made on in-sérvice piping should be non-destruct
r defects upon completion of welding using visuadl inspection, magnetic particle inspe
ppropriate, ultrasonicinspection. Visual testing should include verification of bead sequ
e of temper bead to base material.

y should consider the risk of delayed\eracking and determine whether:

with

ce to

ively
ction
ence

a) non-degtructive inspection should be repeated after a suitable delay to allow for the detectipn of
delayed|cracking; and

b) special measures such as pressure reduction and support of the connection should be taken to
prevent]propagation of such eracks until the second inspection is complete.

NOTE1 Pifocedures for magnetic’particle inspection and ultrasonic inspection can be as specified in the ASME

Boiler and Priessure Vessel Cede;ySection V, or EN 1290 and EN 1714 level B.

NOTE 2  Fdctors to cofisider in establishing a suitable delay between the completion of the weld and the

commenceme¢nt of its-final non-destructive inspection include, but are not limited to:

— material|str€ngth and composition;

— weld mekalStrength-and-composition;

— material temperature;

— material thickness;

any post-weld heating.

NOTE 3

previous experience with similar welds; and

A time delay of 48 h is generally considered suitable for carbon and low-alloy steel materials. Shorter

delays might be suitable based upon experience or research. Longer delays might be necessary for high-grade and
thick materials, over-matched weld metal, and very low material temperatures after welding. It is advisable that

the rationale

56

for the delay selected be documented.
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Annex E
(informative)

Welding of European onshore natural gas transmission pipelines

E.1 General

This[annex is mandatory for European member states. This annex contains requirements-gnd specifies
cominon basic principles for non-destructive testing and their frequency and destructivye testing of
production welds of weld joints for the installation and modification of onshoré ‘steel pipelines and
pipework used in gas infrastructure systems within European member states; includinlg in-service
pipelines, for the carriage of processed, non-toxic and non-corrosive naturahgas in accordance with
ISO 13686, where:

a) the pipeline elements are made of unalloyed or low-alloyed carbon.steel;

b) the pipeline is notlocated within commercial or industrial premiSes as integral part of the industrial
process on those premises except for any pipelines and facilibies supplying such premiges;

c) the pipework is not located within household installations in accordance with EN 1775
d) the design temperature of the system is between =40 °C and 120 °C inclusive.
NOTH Annex E applies only when specified by the<company.

Addifional requirements may be specified whern, for example, the following are considered critical:
— the strain on pipelines and systems;
— the materials;

— the line routing;

— the design or the weldingtechnique.
Thispnnex is not applicable to the welds produced prior to the publication of this International Standard.

User$ of this annex_should be aware that more detailed national standards and/or codes df practice in
European member states may exist.

This|annexis intended to be applied in association with these national standards andjfor codes of
practice’setting out the above-mentioned basic principles.

In the event of conflicts, In terms of More restrictive requirements in national legisiation/regulation
with the requirements of this International Standard, the national legislation/regulation shall take
precedence.

Any specific CEN requirements for the ISO standards in this annex shall also apply and be agreed. This
agreement may include a listing of the equivalent ISO standards.

E.2 Weld quality

Weld quality shall be ensured by inspection of the welds using destructive tests and/or non-destructive
testing. The results of these tests shall be documented.

Non-destructive testing shall be carried out in accordance with approved procedures.
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E.3 Non-destructive inspection of the weld joint

E.3.1 General

The non-destructive inspection shall comprise final visual inspection and non-destructive testing.

The minimum extent of non-destructive testing, in respect of the quality requirement category and the
type/position of the weld joint, is given in Table E.1.

The pipeline operator shall select which welds are to be tested.

Where less

than 100 Q/v non dnci—vur‘tivn fnch'ng is pnr{"nrmnd :\nd the quo]ify of t]nn urnld }'nihf— dn

not

meet the re
when other}

Table E.1 — Minimum extent of non-destructive testing

quirements, further welds shall be tested to determine the extent of the problem!Exkcept
vise agreed, two further welds shall be inspected for each rejected weld.

b Represen|
year.

C

Radiographyor
Pipelines anpd pipe work .
category as j function of . . US impulse echo
! X . . Visual testing by Surface crack
the working pressure, pipe Type/position of the weld joint welding supervisor or test
materials usefd and example gsup
of activjity area US.ToFD ultrasonic
testing a
B Circumferential welds b b,c
<0,y MPa Branches, nozzles and fillet welds b b
Materigl group Longitudinal seams 100 % 10 %
1.1,1.2land 1.4 . L
Unconcealed pipe spans; pipelines on
in accordance with bridges, pipeline sections crossing
railways, major roads and motorways, 100 % d
ISO/TH 15608 navigable waterways or landing stripsy
Ri0,5 <30 N/mmbh runways
Circumferential weld§ 20 % 10 %
C Branches, nozzles and\fillet welds 100 % 10 %
>0,5MPaand <1,6 MPa Longitudinal seams 100 % 100 %
Materigl group Weld joints not.ihcliided in the pressure . .
1.1, 1.2 and 1.4 in accordance test 100% 100%
with
Unconcealéd pipe spans; pipelines on
ISO/TR 15608 bridges, pipeline sections crossing
Reo,5 <360 N/mmh rail_ways, major roads and motorways, 100 % 100 %
navigable waterways or landing strips/
runways
a  The propgrtion of téchniques shall be agreed.

fative YTandom sample on the basis of the total number of weld joints made by a welder during the course

fone

example:

- supports.

- external loads in addition to internal pressure;

&  Seams shall be tested 100 % by two different testing methods.

0 d t £ = rs £ £ .14 1d L £ H | L L A3 + + £ 1d Lifiad 1 £,
ne destruetive-testeffield-weld-peryear by meansof- tensieand/for bendingtestfor-weldersaualified-omlyfor gas

welding (procedure no. 311) or only for fillet welds.

d  The pipeline operator shall specify the extent of non-destructive testing taking into account the design conditions, for

e  Pipelines having hoop stresses at design pressure up to 30 % of specified minimum yield strength and operated at a
pressure up to 2,4 MPa can be allocated to quality requirement category C by the pipeline operator.

f Company should consider these methods for branches and nozzles,

h  Ryo 5 is specified minimum yield strength in accordance with ISO 3183, PSL2.
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Table E.1 (continued)

Radiography or

Pipelines and pipe work
p PP US impulse echo

category as a function (.’f cs - Visual testing by Surface crack
the working pressure, pipe Type/position of the weld joint welding supervisor or test
materials used and example gsup
of activity area US ToFD ultrasonic
testing a
Circumferential welds 100 % 100 %
Branches, nozzles, fillet welds 100 % f 20 %
Longitudinal seams 1000 1000
D Sweepolets
>1,6 MPae Weld joints not included in the pressure 100 % 100 % ¢

test

Material group

If pipeli i lai
1, 2 4nd 3 in accordance with pipelines/units are laid or 100 % 1009%

1SO/TR 15608 installed in built-up areas

Unconcealed pipe spans; pipelines on
bridges, pipeline sections crossing
railways, major roads and motorways, 100 % 100 %
navigable waterways or landing strips/
runways

a  The proportion of techniques shall be agreed.

b Hepresentative random sample on the basis of the total number of weld’joints made by a welder during th¢ course of one
year.

¢ (ne destructive test of field weld per year by means of tensile and/or bending test for welders qualifigd only for gas
weldjng (procedure no. 311) or only for fillet welds.

d  The pipeline operator shall specify the extent of non-destructive testing taking into account the design ¢onditions, for
exampple:

external loads in addition to internal pressure;

supports.

e Hipelines having hoop stresses at design‘pressure up to 30 % of specified minimum yield strength and|operated at a
presgure up to 2,4 MPa can be allocated to quality requirement category C by the pipeline operator.

f (Jompany should consider these methods for branches and nozzles,

&  Jeams shall be tested 100 % by ‘two different testing methods.

h Rio 5 is specified minimumryield strength in accordance with ISO 3183, PSL2.

E.3.2 Non-destructive testing

The method or.conibination of methods, for visual and non-destructive testing of the weglds shall be
speclfied by £he pipeline operator. Prior to commencement of welding, the non-destrudtive testing
procgduressshall be submitted to the pipeline operator for acceptance. Inspection test methods may be
replgced(by other methods, if agreed by the pipeline operator.

] 4 43 4 43 | ] 111 J 1. ANA Yl VI 4 1111 5 - 3
NOH- COLTULLIVE LTS LT g PpIULTUULTS Slidll DT dpPppluveul Uy 4dil IND 1T TAPTI U LTVUEL T T dLtU dance Wlth

ISO 9712 for the appropriate testing technique.

Other forms of non-destructive testing can be required, depending on the material used, the design
and/or the welding technique.

Radiographic testing shall be carried out in accordance with ISO 17636-1:2013. If not otherwise agreed
by the pipeline operator, the image quality class shall be class A for categories B and C, and class B for
category D. The testlaboratory contracted for radiographic work should be accredited to ISO/IEC 17025.

Ultrasonic ToFD testing in accordance with CEN/TS 14751 may be used for detection and sizing of weld
defects and defects adjacent to the weld. Supplementary recommendations are given in Annex I.

NOTE In processes 114, 135 and 136, which can be used in the short circuit mode, in accordance with
ISO 4063, supplementary ultrasonic testing can be required based on a higher risk for lack of fusion defects.
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Non-destructive testing and, if applicable, testing level shall be in accordance with Table E.2.

Table E.2 — Non-destructive testing procedures and testing levels

Examination method Standard and examination level
Visual [SO 5817 or ISO 17637

Magnetic ISO 17638

Penetrant ISO 3452-1

Radiographic

[SO 17636-1:2013 class B

Manual ultra

1SQ 17640 level B

nic

UT for lamina

fions

ISO 10893-8

Time of flight

diffraction

ISO 10863 level C

E.3.3 Tim

e of inspection

All non-destructive testing shall be carried out before pressure testing, with the gxception of final ie-in
welds whicl] are not subjected to the pressure test (“golden welds”).
If welds are[not pressure tested and exceed all of the following criteria:
— yield strength Rip,5 > 360 N/mm?Z;
— wall thitknesses > 10 mm;
— diametgr 2 300 mm.
These weld$ shall also be ultrasonically examined as, ofie of the required inspection techniqueq (see
Table E.1, fgotnote g). If the weld is made with the iise of cellulosic electrodes, this testing shgll be
carried out [not sooner than 24 h after the welding has been completed. If soaking is performed the
testing can be performed after completion of thé.soaking procedure.
E.3.4 Desftructive testing of production' welds
Destructiveltesting of production welds shall be applied to category D, Table E.1. The minimum number
of productidn welds to be tested shdllbe in accordance with Table E.3. Welds shall be non-destructively
tested in ac¢ordance with the prgject specifications before destructive testing.
The destructive tests shall béin‘accordance with ISO 15614-1:2004. A cut out weld shall be representgative
for all the pfoduction welds of the related pipeline length.
If one of th¢ results s, hot acceptable further investigations, approved by the pipeline operator, [shall
be made in prder tedefine the cause of the unacceptable results, identify the unacceptable part[s) of
the pipeling and ‘@analyse the consequences of the results. The pipeline operator shall decide on the
acceptance pfEhe pipeline.
Table E.3 — Minimum number of production test welds as function of pipeline length
Pipeline length, L Number of samples
km
1<L<10 1
10<L <50 2
L>50 2 plus 1 further sample per length of 50 km or part thereof
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F1

ISO 13847:2013(E)

Annex F
(informative)

Welding of gas distribution systems in Europe

General

This

Europe, with a maximum operating pressure up to and including 1,6 MPa MOP.

NOTH

Gas
delivi

nor
This
This
if an

resty
Stan

F.2
Appry|
If agt
for W
E3
All W

Oxyf
If fed

Theﬁaximum operating pressure is the pressure at which a system canbe operated continu

annex contains specific requirements for the welding and inspection of gas distributie

Annex F applies only when specified by the company.
er the gas to the consumer at the agreed conditions.

al conditions.
annex is not applicable to the welds produced prior to thegublication of this Internation

annex is intended to be applied in association with:national standards and/or code
y, setting out the above-mentioned basic principles. In the event of conflicts in teq
ictive requirements in national legislation/regulation with the requirements of this |
lard, the national legislation/regulation shall.take precedence.

Approving of welders and welding operators
oval of welders and welding operators shall be in accordance with ISO 9606-1.
eed by the network operatar; for approval of welders and welding operators ISO 14732 3

elders or ISO 14732 for welding operators may also be applied.

Production welding

uel gaswelding may be applied for pipes with an operating pressure less or equal to 1

sible, working pits or bell holes should be constructed in the pipe trench. They sh

n systems in

listribution systems include above and below ground piping and all other‘equipment fecessary to

ously under

al Standard.
b of practice

ms of more
hternational

nd AP1 1104

elding, including repairs and welding of patches for repair, shall be carried out in accordance with
the approved welding procedure specification.

kPa.

ould have a

mini

ould be not

less than 0,4 m and from pipe to trench wall not less than 0,6 m.

Bell holes shall be kept free of water during welding work.

Segmental cuts up to 7,5° (tangents up to 15°) are permitted for pipelines and systems < 0,5 MPa.
Segmental cuts up to 2,5° (tangents up to 5°) are permitted for pipelines and systems between 0,5 MPa
and 1,6 MPa.

In areas subject to ground movements and at unconcealed pipe spans and at pipelines on bridges,

chan
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F4 Joint preparation

Socket joints in accordance with EN 1708-1 are allowed for all diameters for pipelines and
systems < 0,5 MPa, if agreed by the network operator.

Bell and spigot, socket or sleeve welds shall be set up so that the root gap of the fillet weld is the minimum
possible. No tools with sharp edges shall be used during this process. Where the end of the socket shall
be forged, it shall be heated to a forging temperature suitable for the material quality.

The welding of alignment aids and similar temporary attachments onto pipelines should be avoided.
If necessary, alignment aids and similar temporary attachments can be used with the approval of the
network operater

E5 Non-destructive inspection of the weld joint

Non-destrug¢tive inspection of the weld joint shall be in accordance with Annex E.
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Annex G
(normative)

Automatic ultrasonic testing of girth welds

General

This
with

Requ
defin
G.2
The
conjy
throg

The

annex provides requirements for the automatic ultrasonic testing (AUT) of girth weldq
anominal wall thickness of 8 mm or over.

irements are given for testing using workmanship acceptance criteria and fer acceptz:
ed by engineering critical assessment (ECA).

AUT system requirements

bystem shall be capable of locating and measuring the position-of welding anomalies
Inction with workmanship acceptance criteria. The system’shall also be capable of detg
1gh wall height of the anomaly if ECA based criteria are Gised.

volu

may be deviated from only in cases where full coverage in one scan cannot be obtained.

The

and yelding passes. Where practicable, the height of the testing zone should not exceed the
weldiing pass.

The 4
of-fli

NOTH
enha
with

The

a)
{

Lo

ToFD shall méet the requirements of ISO 10863. A single ToFD configuration shall be y

AUT system used shall provide an adequate number of inspection channels for t}
etric inspection of the weld and heat affected zon€’in one circumferential scan. This }

in pipelines

\nce criteria

if applied in
rmining the

he complete
requirement

eld shall be divided into vertical testing Zzones taking into account the weld bevel configuration

\UT techniques shall use Pulse €cho (using either fixed angle or phased array probes),
cht diffraction) and mapping.channels.

ToFD provides additional information for the evaluation of the overall AUT inspecti

hcing the ability to determine the through-thickness dimension and the depth position of i
the weld volume.

hickness’$)25mm, whereas a dual ToFD configuration shall be used for wall thickness

b)
‘)

h
9““1‘““’ r‘hannn]c C]’\Q]] ]’\ﬂ ncnr‘ to:
PP 5 et ot

asedarray equipment shall meet the requirements of ISO 13588;

height of the

ToFD (time-

n result and
mperfections

T system functionality shall be in accordance with ASTM E1961:2011, Clause 6, and the following:

sed for wall
> 25mm;

— visualize the presence of the geometrical weld features such as weld cap reinforcement and

excessrootpenetraﬁon,and

— characterize and quantify volumetric imperfections such as porosity and porosity clusters;

d) theAUT systemshallincorporateinspectiontechniquesforthe detection oftransverseimperfections
when required by the company.

G.3

Procedure

The procedure for AUT shall be documented in accordance with ASTM E1961.
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G.4 Qualification of AUT system

G.4.1 Cali

bration blocks

Calibration blocks in accordance with ASTM E1961:2011, Annex 3, shall be used to establish system
sensitivity, for qualification and to monitor system performance during testing of production welds.

NOTE

to achieve the necessary probability of detection.

The principal reflector for porosity detection shall be a 1,5 mm FBH.

In the event of ECA based acceptance criteria, smaller reference reflectors dimensions can be required

ToFD notchd

Unless spec
transverse (
positioned d

Holes shall formally be protected from degradation by covering the hole with a suitable sealant. F

of surface n
reflector an

If workman
with similarg
than + 3dB f

If ECA acce
material of {

G.4.2 Spe

This subcla
based on wd

NOTE1 A
when applyin

Qualificatio
reflectors ni

Further con|
welds conta
be compare
by the comp
should be re

The AUT sys

s shall be added in accordance with ISO 10863.

fied otherwise by the company, two transverse notches shall be added if the detecti
lefects is required. The notches shall be 10 mm long and 2 mm deep, and ong’notch sh
n the internal pipe surface and one notch on the outside surface.

tches and other near surface reflectors may influence the reflecting ability of the refef
 shall be avoided.

ship acceptance criteria are used, then the calibration blogk shall be from pipe mat
diameter, thickness, heat treatment and acoustic properties’ (attenuation value of not
rom the actual project material).

btance criteria are used, then the material for the calibration blocks shall be from
he same source, grade, production route and of:similar dimensions.

cific requirements for use with workmanship acceptance criteria

se defines the specific requirements‘for system qualification where flaw acceptarn
rkmanship criteria.

Cceptable amplitude response limit anid length indication are the principal parameters for accep
g workman acceptance criteria.‘Accurate determination of flaw height is not normally arequire

h of the system and procedure shall be by demonstration that the response obtained f
eets the requirementsyof ASTM E1961.

firmation of the performance of the system may be obtained by testing of at least twqg
ining seven flaws at or near the limit of the acceptance criteria. The AUT indications s}
1 with the results of radiography, manual ultrasonic testing and any other method req
any. Diserepancies between the indications given by the system and by the other met
solvedsbysectioning the weld at the location of the indication and metallographic test

tem'shall be qualified for the anticipated ranges for weld, probe and ambient tempera

bn of
11 be

lling
ence

erial
more

pipe

ce is

fance
ment.

br all

butt
jould
hited
hods

ng.

ture.

NOTE 2

G.4.3 Spe

Temperate range qualification can be by testing or justification, or a combination the two.

cific requirements for use with acceptance criteria determined by ECA

This subclause defines the specific requirements for AUT systems where the flaw acceptance criteria
are based on engineering critical assessment (ECA), requiring the determination of both flaw length and
height.

The detection ability of the AUT system shall be deemed sufficient if the probability of detecting of a
defect of the smallest allowable height determined is demonstrated to be at least 90 % shown with a
95 % confidence level.

Sizing accuracy shall be established during the qualification programme over the full range of expected
defect sizes.
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