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Foreword

183:2012(E)

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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The
adopt
Intern

bd by the technical committees are circulated to the member bodies for voting. Rubl
btional Standard requires approval by at least 75 % of the member bodies casting a,vote.

Attentjon is drawn to the possibility that some of the elements of this document may)be' the suk

rights

ISO 3
petrol

Worki

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

183 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore
bum, petrochemical and natural gas industries, Subcommittee SC 24 Pipeline transportatia

ng Group 16 of ISO/TC 67/SC 2 meets jointly with the Line Pipeé Working Group (currently

the American Petroleum Institute (API) to ensure the harmonization,of ISO 3183 with API Specif

This t
but wi

The s
1 Oct
or cor

It is th
optior
quarte
(ISO 3

nird edition of ISO 3183 cancels and replaces the secondiedition (ISO 3183:2007), on wh
th revisions to incorporate updating, clarification and additional technical requirements.

pcond edition of ISO 3183 was harmonized to a great extent with the 44th edition of APl 5L
pber 2007, and the revisions produced by the.joint ISO and APl Working Groups are inten
hplete harmonization with the new 45th editionof API 5L.

e intent of ISO/TC 67 that the secondland third editions of ISO 3183 shall both be app
of the purchaser (as defined in 4:49), for a period of six months from the first day of]
r immediately following the date of.publication of this third edition, after which period, the {
183:2007) will no longer be applicable.

mal Standards

cation as an

ject of patent

structures for
n systems.

WG 4210) of
cation 5L.

ch it is based

published on
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the calendar
econd edition
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Introduction

This International Standard is the result of harmonizing the requirements of the following standards:

API Spec 5L; 44th edition published 1 October 2007;

ISO 3183:2007; second edition published 15 March 2007.

In the preparation of this third edition of ISO 3183, the technical committee has maintained the concept of two
basic levels of standard technical requirements for line pipe expressed as two product specification levels
(PSL 1 and PSL 2). Level PSL 1 prowdes a standard quahty level for line pipe. Level PSL 2 has additional
mandatory reg i iti
non-destructi

e testlng (NDT) Reqmrements that appIy only to PSL 1 or only to PSL 2 are so desighated.

Requirements

The technical
requirements
for special ap

PSL 2 pi
been enh
line pipe

PSL 2 pi
PSL 2 pi
pipe ordg
— PSL2pi

The following

PSL 2 pi

Equation
The requirem

When pipe is
applications d
of more than
service applig

This Internat
supplementar
intended use

that are not designated to a specific PSL designation apply to both PSL 1 and PSL@2\pipg.

committee also recognized that the petroleum and natural gas industry often specifies add
for particular applications. In order to accommodate such needs, optional additional require
plications are available, as follows:

pe ordered with a qualified manufacturing procedure (Annex B), the requirements of which
anced to include verification detail of critical processes in the production of feedstock ma
manufacture and product testing and inspection;

be ordered with resistance to ductile fracture propagation in gas pipelines (Annex G);
be ordered for sour service (Annex H);

red as “Through the Flowline” (TFL) pipe (Annex l);

be ordered for offshore service (Annex J);

two new annexes are added to the third édition of this International Standard.

pe ordered for European onshore natural gas transmission pipelines (Annex M).

itional
ments

have
terial,

5 for threaded and coupled pipe‘and background equations for guided bend and CVN test (Annex P).

Eents of the annex(es) apply only when specified on the purchase order.

ordered for dual ormmultiple applications, the requirements of more than one annex for s
an be invoked. In-stich instances, if a technical conflict arises due to applying the require
one annex for{special applications, the most stringent requirement applicable to the int
S.

onal Standard does not provide guidance on when it is necessary to specify the
y redquitements. Instead, it is the responsibility of the purchaser to specify, based upd
and design requirements, which, if any, of the supplementary requirements apply for a par

purchase ord

pecial
ments
ended

above
n the
ticular

Nl

This third edition of ISO 3183 is the result of a continuing process of harmonizing documents of different heritage.
It has been necessary to give consideration to traditional symbols (denoting mechanical or physical properties
or their values, dimensions or test parameters) and the format of equations that have been widely used and
which (in their traditional format) maintain strong links with other widely used standards and specifications, and
with the original scientific work that led to their derivation. Accordingly, although in some instances changes
to established symbols and equations have been made to optimize alignment with the ISO/IEC Directives,
Part 2, in other instances, some symbols and equations, most specifically those in 9.2, Table F.1 and Annex P,
have been retained in their traditional form to avoid causing confusion in this post-harmonization stage. Where
changes have been made, care has been taken to ensure that the new symbol replacing the traditional one
has been fully and clearly defined.

vi © IS0 2012 — All rights reserved


https://standardsiso.com/api/?name=d731a8aadb73857a81dda329502d67b2

INTERNATIONAL STANDARD ISO 3183:2012(E)

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

1 Scope

This International Standard specifies requirements for the manufacture of two product specification levels
(PSL 1 and PSL 2) of seamless and welded steel pipes for use in pipeline transportation systems in the
petroleum and natural gas industries.

This International Standard is not applicable to cast pipe.

2 Conformance

2.1 [Units of measurement

In thig
Custo
data 6
same

International Standard, data are expressed in both International System (Sl) units and United States
mary (USC) units. For a specific order item, only one system‘of units shall be used, without combining
xpressed in the other system. Data values expressed in S| ahd USC units shall not be combined on the
inspection document or in the same required pipe marking'sequence.

Wherg¢ product is tested and verified against requirements.ising one measurement system (USC
inspe¢tion document is issued, with data reported in the alternate measurement system units, a s
appedr on the inspection document indicating that thie data presented was converted from the
system used for the original inspection.

or Sl), and an
atement shall
measurement

s shall be in
5| data sheet
SC system of

The
the |
indica
meas

urchaser shall specify whether dataj/drawings, and maintenance dimensions of pipe
ernational System (SI) or US Customary (USC) system of measurements. Use of an

es that the SI measurements shall-be used. Use of a USC data sheet indicates that the U
irements shall be used.

he thousands
nd a space is

For ds
separ
used

ta expressed in Sl units, acomma is used as the decimal separator and a space is used as
btor. For data expressed\in USC units, a dot (on the line) is used as the decimal separator 3
hs the thousands separator.

2.2 [Rounding

Unlesp otherwise' stated in this International Standard, to determine conformance with [the specified

requiri
figure

bments;.0bserved or calculated values shall be rounded to the nearest unit in the last right-
5 used in expressing the limiting value, in accordance with ISO 80000-1:2009, Annex B, R

hand place of
ule A.

NOTE

For the purposes of this provision, the rounding method of AS M EZ9-06 s equivalentto ISO

80000-1:2009,

Annex B, Rule A.

2.3 Compliance to this International Standard

A documented quality system shall be applied to assist compliance with the requirements of this
International Standard.

NOTE Documentation of a quality system does not require certification by a third party certification body. Only the
creation or adoption of a written quality system is necessary to meet the requirement of this International Standard. ISO
defers to the expertise of responsible quality management personnel to create or adopt the system which best reflects the
need of each company. There are many existing quality management systems to which personnel can refer for guidance in
the development of an appropriate quality system, including ISO/TS 29001[2] and API Spec Q1[3], which contain provisions
specific to the oil and gas industry, or ISO 90014, which contains general requirements for quality management systems
that are auditable. This list is not exhaustive and is provided for information only.
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A contract may specify thatthe manufacturer shall be responsible for complying with all of the applicable requirements
of this International Standard. It shall be permissible for the purchaser to make any investigation necessary in order
to be assured of compliance by the manufacturer and to reject any material that does not comply.

3 Normative references

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

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

ISO 404, Ste¢l and steel products — General technical delivery requirements

ISO 2566-1, $teel — Conversion of elongation values — Part 1: Carbon and low alloy steels
ISO 4885, Fefrous products — Heat treatments — Vocabulary

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

ISO 6506 (allparts), Metallic materials — Brinell hardness test

ISO 6507 (all [parts), Metallic materials — Vickers hardness test

ISO 6508 (all[parts), Metallic materials — Rockwell hardness test

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
ISO 6929, St¢el products — Vocabulary

ISO 7438, Mdtallic materials — Bend test

ISO 7539-2, Corrosion of metals and alloys — Stress(corrosion testing — Part 2: Preparation and use of bent-
beam specimens

ISO 8491, Mqtallic materials — Tube (in full section) — Bend test
ISO 8492, Magtallic materials — Tube — Elattening test

ISO 8501-1:2D07, Preparation of steel substrates before application of paints and related products — \Visual
assessment df surface cleanliness—— Part 1: Rust grades and preparation grades of uncoated steel subgtrates
and of steel substrates after overall removal of previous coatings

ISO 9712, Noph-destructive-testing — Qualification and certification of NDT personnel
ISO/TR 9769] Steel and iron — Review of available methods of analysis

ISO 10474:19p1;-Steel and steel products — Inspection documents

ISO 10893-2:2011, Non-destructive testing of steel tubes — Part 2: Automated eddy current testing of seamless
and welded (except submerged arc-welded) steel tubes for the detection of imperfections

ISO 10893-3:2011, Non-destructive testing of steel tubes — Part 3: Automated full peripheral flux leakage
testing of seamless and welded (except submerged arc-welded) ferromagnetic steel tubes for the detection of
longitudinal and/or transverse imperfections

ISO 10893-4, Non-destructive testing of steel tubes — Part 4: Liquid penetrant inspection of seamless and
welded steel tubes for the detection of surface imperfections

ISO 10893-5, Non-destructive testing of steel tubes — Part 5: Magnetic particle inspection of seamless and
welded ferromagnetic steel tubes for the detection of surface imperfections

2 © 1S0 2012 — All rights reserved
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ISO 10893-6, Non-destructive testing of steel tubes — Part 6: Radiographic testing of the weld seam of welded
steel tubes for the detection of imperfections

ISO 10893-7:2011, Non-destructive testing of steel tubes — Part 7: Digital radiographic testing of the weld
seam of welded steel tubes for the detection of imperfections

ISO 10893-8:2011, Non-destructive testing of steel tubes — Part 8: Automated ultrasonic testing of seamless
and welded steel tubes for the detection of laminar imperfections

ISO 10893-9:2011, Non-destructive testing of steel tubes — Part 9: Automated ultrasonic testing for the
detection of laminar imperfections in strip/plate used for manufacture of welded steel tubes

S . - - atecHfu pral ultrasonic
testing of seamless and welded (except submerged arc-welded) steel tubes for the detection ©f longitudinal
and/ol transverse imperfections

U U vUIT=UcC U

ISO 1p893-11:2011, Non-destructive testing of steel tubes — Part 11: Automated ultrasonic testing of the weld
seam|of welded steel tubes for the detection of longitudinal and/or transverse imperfections

ISO 1p893-12, Non-destructive testing of steel tubes — Part 12: Automated fullpéripheral ultraspnic thickness
testing of seamless and welded (except submerged arc-welded) steel tubes

ISO 111484, Steel products — Employer’s qualification system for non<destructive testing (NDT) personnel

ISO 11699-1:2008, Non-destructive testing — Industrial radiographic film — Part 1: Classification of film
systems for industrial radiography

ISO 1R135, Metallic materials — Unified method of test for-thé determination of quasistatic fractiire toughness

ISO 1B678, Petroleum and natural gas industries — EValuation and testing of thread compounds for use with
casing, tubing, line pipe and drill stem elements

ISO 14284, Steel and iron— Sampling and preparation of samples for the determination of chemical composition

ISO 1P232-1:2004, Non-destructive testing=— Image quality of radiographs — Part 1: Image quality indicators
(wire type) — Determination of image quality value

ISO 8P000-1:2009, Quantities and units — Part 1: General

API Spec 5B"), Specification for Threading, Gauging, and Thread Inspection of Casing, Tubing, land Line Pipe
Threads

APIRP 5A3, Recomniended Practice on Thread Compounds for Casing, Tubing, Line Pipe, and Drill $tem Elements
API RP 5L3, Reeommended Practice for Conducting Drop-Weight Tear Tests on Line Pipe
API Std 5Tt Standard on Imperfection Terminology

ASNT| SNIT-TC-1A2), Recommended Practice No. SNT-TC-1A — Non-Destructive Testing

ASTM A3703), Standard Test Methods and Definitions for Mechanical Testing of Steel Products
ASTM A435, Standard Specification for Straight-Beam Ultrasonic Examination of Steel Plates

ASTM A578/A578M, Standard Specification for Straight-Beam Ultrasonic Examination of Rolled Steel Plates
for Special Applications

ASTM A751, Standard Test Methods, Practices, and Terminology for Chemical Analysis of Steel Products

1)  American Petroleum Institute, 1220 L Street, N.W., Washington, DC 20005, USA.
2) American Society for Nondestructive Testing, 1711 Arlingate Lane, Columbus, OH 43228-0518, USA.
3) ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, USA.
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ASTM A941,
ASTM A956,

Standard Terminology Relating to Steel, Stainless Steel, Related Alloys, and Ferroalloys

Standard Test Method for Leeb Hardness Testing of Steel Products

ASTM A1038, Standard Test Method for Portable Hardness Testing by the Ultrasonic Contact Impedance Method

ASTM E18, S

tandard Test Methods for Rockwell Hardness of Metallic Materials

ASTM E94, Standard Guide for Radiographic Examination

ASTM E110, Standard Test Method for Indentation Hardness of Metallic Materials by Portable Hardness Testers

ASTM E114, Standard Practice for Ultrasonic Pulse-Echo Straight-Beam Contact Testing

ASTM E164,
ASTM E165,
ASTM E213,
ASTM E273,
ASTME309, §
ASTM E384,
ASTM E570,
ASTM E587,
ASTM E709,

ASTM E747,
Quality Indicg

ASTM E1290,
ASTM E1806
ASTM E1815
ASTM E2033
ASTM E2698
ASTM G39, S

BS 7448-1, F
J values of m

Standard Practice for Contact Ultrasonic Testing of Weldments

Standard Practice for Liquid Penetrant Examination for General Industry

Standard Practice for Ultrasonic Examination of Metal Pipe and Tubing

Standard Practice for Ultrasonic Testing of the Weld Zone of Welded Pipe-and Tubing
btandard Practice for Eddy-Current Examination of Steel Tubular Produéts Using Magnetic Satt
Standard Test Method for Knoop and Vickers Hardness of Materials

Standard Practice for Flux Leakage Examination of Ferromagnetic Steel Tubular Products
Standard Practice for Ultrasonic Angle-Beam ContactJesting

Standard Guide for Magnetic Particle Testing

Standard Practice for Design, Manufacture and Material Grouping Classification of Wire
tors (IQl) Used for Radiology

Standard Test Method for Crack-Tip Opering Displacement (CTOD) Fracture Toughness Measur
Standard Practice for Sampling Steel and Iron for Determination of Chemical Compositio
08, Standard Test Methad fer Classification of Film Systems for Industrial Radiography
Standard Practice for-Computed Radiology (Photostimulable Luminescence Method)
Standard Practice’for Radiological Examination Using Digital Detector Arrays

tandard Prggtice for Preparation and Use of Bent-Beam Stress-Corrosion Test Specimen

acture'mechanics toughness tests — Method for determination of Klc, critical CTOD and
ptallic tnaterials

ration

mage

ement

S

5

Critical

EN 101684, ¢

b Il I " Il £ y " y g £ ;g [T
(CCT Proudcits — MmispPectiorr docurricTits — LISTU OT mnoriratrorr darid uesSeriptor

EN 10204:2004, Metallic products — Types of inspection documents

NACE TMO0177:2005 9), Laboratory Testing of Metals for Resistance to Sulfide Stress Cracking and Stress
Corrosion Cracking in HoS Environments

NACE TM0284:2011, Standard Test Method — Evaluation of Pipeline and Pressure Vessel Steels for Resistance
to Hydrogen-Induced Cracking

4)
5)

4

CEN, European Committee for Standardization, Management Centre, Avenue Marnix 17, B-1000 Brussels, Belgium.

NACE International, P.O. Box 201009, Houston, Texas 77216-1009, USA.
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4 Terms and definitions

183:2012(E)

For the purposes of this document, the following terms and definitions apply, as well as those given in

41

ISO 6929 or ASTM A941 for steel products,
ISO 4885 or ASTM A941 for heat treatment,

API Std 5T1 for imperfection terminology,

ISO 404, 1ISO 10474 or ASTM A370, whichever is applicable, for the types of sampling procedures,

inspection and inspection documents,

as agreed
required to be as agreed upon by the manufacturer and the purchaser, and specified in the purc

NOTE Associated, for example, with items covered by 7.2 a).

4.2

as-rolled
delivefry condition without any special rolling and/or heat-treatment

4.3

coil/plate end weld

weld

4.4
cold-expanded pipe
pipe ’I

circu

at joins coil or plate ends together

ference throughout its length, by internal hydrostatic pressure in closed dies or by an inter

mechanical device

4.5

cold-sized pipe

pipe that, after forming (including sizing on electric welding) and while at ambient mill temperature
a permanent increase in outside diameter or circumference for all or part of its length, or a perma
in outgide diameter or circumference for all or part of its length

4.6

cold finishing
cold-working operatigny(riormally cold drawing) with a permanent strain greater than 1,5 %

NOTE The amount of permanent strain generally differentiates it from cold expansion and cold sizind.

4.7

hase order

hat, while at ambient mill temperature, has received a permanent increase in outsid¢ diameter or

nal expanding

has received
nent decrease

cold t)rming
procepsin which a strip or plate is formed into a pipe without heating

4.8

continuous welding

cw

process of forming a seam by heating the strip in a furnace and mechanically pressing the formed edges together,
wherein successive coils of strip had been joined together to provide a continuous flow of strip for the welding mill

4.9

combination welded pipe
COW pipe

tubular product having one or two longitudinal seams or one helical seam, produced by a combination of gas
metal-arc and submerged-arc welding wherein the gas-metal arc weld bead is not completely removed by the
submerged-arc welding passes

© 1SO 2012 — All rights reserved
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410
COWH pipe

tubular product having one helical seam produced by a combination of gas metal-arc and submerged-arc
welding wherein the gas-metal arc weld bead is not completely removed by the submerged-arc welding passes

411
COWL pipe

tubular product having one or two longitudinal seams produced by a combination of gas metal-arc and
submerged-arc welding wherein the gas-metal arc weld bead is not completely removed by the submerged-
arc welding passes

412

COW seam
longitudinal o
the gas-meta

413
CW pipe
tubular produ

daughter coll

portion of ste

more pieces of pipe

415

daughter plate

portion of ste
or more piecq

416

defect
imperfection
International

417

electric welding

EW
process of fo

pressed together and the heat forwelding is generated by the resistance to flow of electric current appl

induction or ¢

418
EW pipe
tubular produ

419

" helical seam produced by a combination of gas metal-arc and submerged-arc welding.w
arc weld bead is not completely removed by the submerged-arc welding passes

Ct having one longitudinal seam produced by continuous welding

bl removed via slitting, cutting or shearing from the mother coif,"which is used to produce

bl removed via slitting, cutting or shearing from the mother plate, which is used to produg
s of pipe

of a size and/or population density._.greater than the acceptance criteria specified i
Standard

ming a seam by electrie-resistance welding, wherein the edges to be welded are mecha

pnduction

ct having one longitudinal seam produced by low- or high-frequency electric welding

herein

pne or

e one

n this

hically
ied by

EW seam

longitudinal seam produced by electric welding

4.20
flux core arc

welding

welding process that produces melting and coalescence of metals by heating them with an arc between a
continuous filler metal electrode and the workpiece, wherein the arc and molten metal are shielded by a flux
contained within the tubular electrode

NOTE

In some cases, additional shielding is obtained from an externally supplied gas or gas mixture.
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4.21

gas metal-arc welding

welding process that produces melting and coalescence of metals by heating them with an arc or arcs between
a continuous consumable electrode and the work, wherein the arc and molten metal are shielded by an
externally supplied gas or gas mixture

NOTE Contact pressure is not used and the filler metal is obtained from the electrode.

4.22
heat
metal produced by a single cycle of a batch melting process

4.23
HFW pipe

high-frequency electric welded pipe

EW pipe produced with a welding current frequency equal to or greater than 70 kHz

4.24
if agreed
required to be as prescribed, or more stringent than is prescribed, if agreed.épon by the manufagturer and the
purchaser and specified in the purchase order

NOTE Associated, for example, with items covered by 7.2 c).

4.25
impeinfection
discomtinuity or irregularity in the product wall or on the produet surface that is detectable by inspegtion methods
outlingd in this International Standard

4.26
indicItion
evidemce obtained by non-destructive inspection
4.27

informative elements
elemgnts that

a) identify the document, intfoduce its content and explain its background, development, and relationship

ith other documents, or

s

b) provide additional information intended to assist with the understanding or use of the docunpent
NOTE See the ISO/IEC Directives, Part 2.

4.28
inspefction
activitjes, such as measuring, examining, testing, weighing or gauging one or more characteristicg of a product,
and camparing the results of such activities with the specified requirements in order to determine conformity

NOTE Adapted from ISO 404.

4.29
instrument standardization
adjustment of a non-destructive inspection instrument to an arbitrary reference value

4.30

jointer
two or three lengths of pipe coupled or welded together by the manufacturer

© 1S0O 2012 — All rights reserved 7
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4.31

ladle refining

post steelmaking secondary process, performed prior to casting to improve the steel quality, of which some
examples may include degassing, desulfurization and various methods for the removal of non-metallic
inclusions and for inclusion shape control

4.32
lamination
internal metal separation that creates layers, generally parallel to the pipe surface

4.33

laser weldin
LW I

process of forming a seam by using a laser-beam keyhole welding technique to produce melting and
coalescence pf the edges being welded, with or without preheating of the edges, wherein shielding’is obfained
from an exterpally supplied gas or gas mixture

4.34
low-frequengy electric welded pipe
LFW pipe
EW pipe produced with a welding current frequency of less than 70 kHz

4.35
LW pipe
tubular produgt having one longitudinal seam produced by laser welding

4.36
manufacturer
firm, comparly or corporation responsible for making and:-marking the product in accordance with the
requirements|of this International Standard

NOTE 1 The manufacturer is, as applicable, a pipe mill, processor, maker of couplings or threader.
NOTE 2  Adppted from ISO 11961[51,

4.37
mother coil
hot-rolled coil|of steel processed from a.single reheated slab that is used to produce one or more pieces ¢f pipe

4.38
mother plate
hot-rolled plate of steel processed from a single reheated slab that is used to produce one or more pieces o¢f pipe

4.39
non-destructive inspection
non-destructivedtesting
NDT
inspection of pipe o reveal imperfections, using radiographic, ulirasonic or other methods specified In this
International Standard that do not involve disturbance, stressing or breaking of the materials

4.40

normalizing formed

pipe delivery condition resulting from the forming process in which the final deformation is carried out within a
certain temperature range, leading to a material condition equivalent to that obtained after normalizing, such
that the specified mechanical properties would still be met in the event of any subsequent normalizing

4.41

normalizing rolled

pipe delivery condition resulting from the rolling process in which the final deformation is carried out within a
certain temperature range, leading to a material condition equivalent to that obtained after normalizing, such
that the specified mechanical properties would still be met in the event of any subsequent normalizing

8 © 1S0 2012 — All rights reserved
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normative elements
elements that describe the scope of the document, and which set out provisions that are required in order to
implement the standard

NOTE See the ISO/IEC Directives, Part 2.

4.43

pipe body

(SMLS pipe) entire pipe

4.44

pipe hody

(welded pipe) entire pipe, excluding the weld(s) and heat-affected zone (HAZ)

4.45

pipe *rade

desigmation of pipe strength level

NOTE Chemical composition and/or heat treatment condition of a pipe grade can.differ.
4.46

pipe mill

firm, gompany or corporation that operates pipe-making facilities

NOTE Adapted from 1SO 11960161,

4.47

procgssor

firm, gompany or corporation that operates facilities_capable of heat treating pipe made by a pip
NOTE Adapted from 1SO 11960161,

4.48

prodyct analysis

chemical analysis of the pipe, plate ar coil

4.49

purchaser

party responsible for both the-definition of requirements for a product order and for payment of t
4.50

quenc¢hing and tempering

heat t

reatment consisting of quench hardening followed by tempering

4.51
sam

e

quantityof material taken from the product to be tested for the purpose of producing one or mor

e mill

hat order

b test pieces

4.52
subm
SAW

erged-arc welding

welding process that produces melting and coalescence of metals by heating them with an arc or arcs between
a bare metal consumable electrode or electrodes and the workpiece, wherein the arc and molten metal are

shield
NOTE

4.53

ed by a blanket of granular flux

Contact pressure is not used and part or all of the filler metal is obtained from the electrodes.

SAW pipe
tubular product having one or two longitudinal seams, or one helical seam, produced by the submerged-arc
welding process
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4.54
SAWH pipe

tubular product having one helical seam produced by the submerged-arc welding process

4.55
SAWL pipe

tubular product having one or two longitudinal seams produced by submerged-arc welding

4.56
SAW seam

longitudinal or helical seam produced by submerged-arc welding

4.57
seamless pi
SMLS pipe
pipe without &
finishing to pr|

4.58
service cong
condition of u

NOTE In {

4.59
shielded me

welding procgss that produces melting and coalescence of metals;by heating them with an arc betw

covered meta
electrode covj

NOTE Co

4.60

tack weld
intermittent o
weld is produ

4.61

test piece
part of a san
submission tg

4.62

test unit
prescribed qu
from coils/pla
manufacturin

be

welded seam, produced by a hot-forming process, which can be followed by caold sizing ¢
bduce the desired shape, dimensions and properties

ition
e that is specified by the purchaser in the purchase order

his International Standard, the terms “sour service” and “offshore serviée” are service conditions.

al arc welding

| electrode and the work, wherein the arc and moltén-metal are shielded by decomposition
ering

htact pressure is not used and the decomposition’is obtained from the electrode.

continuous seam weld used to maintain the alignment of the abutting edges until the final
ced

ple with specified dimensions, machined or un-machined, brought to a required conditi
a given test

antity of-pipe that is made to the same specified outside diameter and specified wall thic
espraduced by the same hot rolling practice (as applicable to welded pipe), from the samg
) process from the same heat and under the same pipe-manufacturing conditions

r cold

een a
of the

seam

on for

ness,
pipe-

4.63
thermomech

anical forming

hot-forming process for manufacture of pipe, in which the final deformation is carried out in a certain temperature
range, leading to a material condition with certain properties that cannot be achieved or repeated by heat
treatment alone, and such deformation is followed by cooling, possibly with increased cooling rates, with or
without tempering, self-tempering included

CAUTION — Subsequent heating above 580 °C (1 075 °F) typically can lower the strength values.

10
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4.64

thermomechanical rolled

pipe delivery condition resulting from the hot-rolling process for coil or plate, in which the final deformation is
carried out in a certain temperature range, leading to a material condition with certain properties that cannot
be achieved or repeated by heat treatment alone, and such deformation is followed by cooling, possibly with
increased cooling rates, with or without tempering, self-tempering included

CAUTION — Subsequent heating above 580 °C (1 075 °F) typically can lower the strength values.

4.65
undercut
groove melted into the parent metal adjacent to the weld toe and left unfilled by the deposited weld metal

4.66
unless otherwise agreed
required unless an alternative requirement is agreed upon between the manufacturerrand the gurchaser and
specified in the purchase order

NOTE Associated, for example, with items covered by 7.2 b).

4.67
weldgd pipe
pipe ¢lesignated as CW, COWH, COWL, EW, HFW, LFW, LW~SAWH and SAWL as d¢fined in this
Internjational Standard

5 Symbols and abbreviated terms

5.1 [Symbols

a length of coil/plate end weld, expressed in millimetres (inches)

Af elongation after fracture, expressed in percent and rounded to the nearest percent

Agb breadth diameter of guided-bend test mandrel/roll, expressed in millimetres (inches]

A internal cross-sectional*area of pipe, expressed in square millimetres (square inchgs)

Ap cross-sectional@rea of pipe wall, expressed in square millimetres (square inches)

AR cross-sectional area of end-sealing ram, expressed in square millimetres (square ifjches)

Axc applicable tensile test piece cross-sectional area, expressed in square millimetres (§quare inches)
b specified width of bearing face, expressed in millimetres (inches)

B distance of the die walls or distance of the supports in the guided bend text

C constant, which IS dependent upon the system of units used

CEnw carbon equivalent, based upon the International Institute of Welding equation

CEpcm carbon equivalent, based upon the chemical portion of the Ito-Bessyo carbon equivalent equation
d calculated inside diameter of pipe, expressed in millimetres (inches)

D specified outside diameter of pipe, expressed in millimetres (inches)

Dg manufacturer-designated outside diameter after sizing, expressed in millimetres (inches)

Dy manufacturer-designated outside diameter before sizing, expressed in millimetres (inches)

f frequency, expressed in Hertz (cycles per second)
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NL

PRr

ra
b
ro
Rm

Rpo,2

Rio,5

Sr

’min

It

Oh

5.2 Abbreviated terms
COWH

COWL
CTOD
CVN
CwW
DWT
EDI

12

full-size Charpy V-notch absorbed energy, expressed in joules (foot-pounds force)

length of pipe, expressed in metres (feet)

specified minimum length, coupling dimension, expressed in millimetres (inches)
hydrostatic test pressure, expressed in megapascals (pounds per square inch)

internal pressure on end-sealing ram, expressed in megapascals (pounds per square inch)

specified diameter of recess coupling dimension, expressed in millimetres (inches)

radius—expressed-in-millimetres-{inches)
4 ~ \ 7

redius of the mandrel for the guided-bend test, expressed in millimetres (inches)
radius of the die for the guided-bend test, expressed in millimetres (inches)

Ripe outside radius, expressed in millimetres (inches)

tensile strength, expressed in megapascals (pounds per square inch)

yield strength (0,2 % non-proportional extension), expressed in megapascals (pounds per
ihch)

yield strength (0,5 % total extension), expressed in megapascals (pounds per square inch)
dizing ratio

Roop stress for the hydrostatic test, expressed in megapascals (pounds per square inch)

s}

gpecified wall thickness of pipe, expressed in_millimetres (inches)

rhinimum permissible wall thickness of pipe;"expressed in millimetres (inches)

gpecified minimum tensile strength,expressed in megapascals (pounds per square inch)
transverse ultrasonic velocity, expressed in metres per second (feet per second)

gpecified outside diametercopupling dimension, expressed in millimetres (inches)

gtrain

wavelength, expressed in metres (feet)

rmass per unitlength of plain-end pipe, expressed in kilograms per metre (pounds per foot)

design_hoop stress for the pipeline, expressed in megapascals (pounds per square inch)

combination helical welding process (for pipe during manufacturing)
combination longitudinal welding process (for pipe during manufacturing)
crack tip opening displacement

Charpy V-notch

continuous welding process (for pipe during manufacturing)

drop-weight tear

electronic data interchange

quare
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EW electric resistance or electric induction welding process (for pipe during manufacturing)
HAZ heat-affected zone

HBW Brinell hardness

HFW high-frequency electric welding process (for pipe during manufacturing)
HIC hydrogen-induced cracking

HRC Rockwell hardness, C scale

HV \/ickers hardness

Ql image quality indicator

LFW low-frequency electric welding process (for pipe during manufacturing)
LW laser welding process (for pipe during manufacturing)

MT magnetic particle testing

NDT non-destructive testing

PSL product specification level

PT penetrant testing

SAWH submerged-arc helical welding process (for pipé’during manufacture)
SAWL submerged-arc longitudinal welding process (for pipe during manufacture)
Sl International System of units

SSC sulfide stress cracking

SWC step-wise cracking

TFL Through the Flowline

usc United States customary units

uT ultrasonic testing

6 Pjpe grade;steel grade and delivery condition

6.1 |Pipe‘grade and steel grade

6.1.1 —The pipe grade for PSL T pipe is identical to the steel grade (designated by a steel name) and shall be
as given in Table 1. It consists of an alpha or alphanumeric designation that identifies the strength level of the
pipe and is linked to the chemical composition of the steel.

NOTE The designations for Grade A and Grade B do not contain any reference to the specified minimum vyield
strength; however, the numerical portion of other designations correspond with the specified minimum yield strength in SI
units or with the upward-rounded specified minimum yield strength, expressed in 1 000 psi for USC units. The suffix “P”
indicates that the steel has a specified phosphorus range.

6.1.2 The pipe grade for PSL 2 pipe shall be as given in Table 1 and consists of an alpha or alphanumeric
designation that identifies the strength level of the pipe. The steel name (designating a steel grade), linked to
the chemical composition of the steel, additionally includes a suffix that consists of a single letter (R, N, Q or M)
that identifies the delivery condition (see Table 3).
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NOTE 1  The designation for Grade B does not contain any reference to the specified minimum yield strength; however,
the numerical portion of other designations correspond with the specified minimum yield strength in Sl units or USC units.

NOTE 2 For sour service, see H.4.1.1.
NOTE 3 For offshore service, see J.4.1.1.

NOTE 4  For European onshore gas transmission pipeline, see M.4.1.1.

6.1.3 Other steel grade designations (steel numbers) that are used in addition to the steel name in Europe are
given for guidance in Table L.1.

6.2 Delivety condition

6.2.1 For epch order item, the delivery condition for PSL 1 pipes shall be at the option of the manufgcturer
unless a spedific delivery condition is specified in the purchase order. Delivery conditions for®SL 1 and |PSL 2
pipes are givgn in Table 1 with additional information for PSL 2 pipes in Table 3.

6.2.2 For PSL 2 pipes, the delivery condition shall be in accordance with the purehase order as specified in
the steel namg.

Table 1 — Pipe grades, steel grades and acceptable delivery conditions

PSL Delivery condition Pipe grade/steel
grade @b
PSL 1 As-rolled, normalizing rolled, normalized or normalizing formed L175 or A25
L175P or A25lp
L210 or A

PSL 1 As-rolled, normalizing rolled, thermomechanicahrolled, thermomechanical
fofmed, normalizing formed, normalized, normalized and tempered; or, if L2450r B
agreed, quenched and tempered for SMES. pipe only

PSL 1 As-rolled, normalizing rolled, thermomechanical rolled, thermomechanical L290 or X42
fofmed, normalizing formed, normalized, normalized and tempered or quenched L320 or X46
and tempered

L360 or X52
L390 or X56
L415 or X60
L450 or X65
L485 or X70
PSL 2 | Ag-rolled L245R or BR
L290R or X42R
PSL 2 Noraalizing rolled, normalizing formed, normalized or normalized and tempered L245N or BN

L290N or X42N
L320N or X46N
L360N or X52N
L390N or X56N
L415N or X60N

2@  Forintermediate grades, the steel grade shall be in one of the following formats: (1) The letter L followed by the specified minimum
yield strength in MPa and, for PSL 2 pipe, the letter describing the delivery condition (R, N, Q or M) consistent with the above formats.
(2) The letter X followed by a two- or three-digit number equal to the specified minimum yield strength in 1000 psi rounded down to the
nearest integer and, for PSL 2 pipe, the letter describing the delivery condition (R, N, Q or M) consistent with the above formats.

b The suffix (R, N, Q or M) for PSL 2 grades belongs to the steel grade.

¢ Seamless only.
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Table 1 (continued)

PSL Delivery condition Pipe grade/steel
grade &b

PSL 2 | Quenched and tempered L245Q or BQ

L290Q or X42Q

L320Q or X46Q

L360Q or X52Q

L390Q or X56Q

L415Q or X60Q
L450Q or X65Q

£485Q or X70Q

L555Q or X80Q

L625Q|or X90Q ¢

L690Q jor X100Q ¢

PSSl 2 Thermomechanical rolled or thermomechanical formed L245M or BM

L290Ni or X42M

L320M or X46M

L360NI or X52M

L390M or X56M

L415M or X60M

L450M or X65M

L485M or X70M

L555M or X80M

PSL 1 Thermomechanical rolled L625M or X90M

L690M or X100M

L830M or X120M

a8  Fprintermediate grades, the steel gradéshall be in one of the following formats: (1) The letter L followed by the spgcified minimum
yield gtrength in MPa and, for PSL 2 pipesthe letter describing the delivery condition (R, N, Q or M) consistent with thg above formats.
(2) The letter X followed by a two- or three-digit number equal to the specified minimum yield strength in 1000 psi rounfed down to the
nearest integer and, for PSL 2 pipe, the/letter describing the delivery condition (R, N, Q or M) consistent with the aboye formats.

b The suffix (R, N, Q or M) for.PSL 2 grades belongs to the steel grade.

¢ Seamless only.

7 Information to be supplied by the purchaser

7.1 [General information

The purchase order shall include the following information:

a) quantity (e.g. total mass or total length of pipe);

b) PSL (1 or 2);

c) type of pipe (see Table 2);

d) reference to this International Standard (ISO 3183) or API 5L;

e) steel grade (see 6.1, H.4.1.1, J.4.1.1, or M.4.1.1, whichever is applicable);

f)  outside diameter and wall thickness (see 9.11.1.2);
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g) length and type of length (random or approximate) (see 9.11.1.3, 9.11.3.3 and Table 12);

h) confirmation of applicability of individual annexes.

7.2 Additional information

The purchase order shall indicate which of the following provisions apply for the specific order item:

a) Items that are subject to mandatory agreement, if applicable:

6)
7)
8)

9)

b) Items thgt apply as prescribed, unless otherwise agreed:

1)
2)
3)

6)
7)
8)
9)

pipe

designation for intermediate grades (see Table 1, footnote a),

cher
chern
carb

carb
X10(

carb
diam

diam
Tabl

stan

rang
equg
cher
cher

yield
and

estin

toler

type

nical composition jor Intermediate grades (see 9.2.1 and 9.2.2),
nical composition for pipe with > 25,0 mm (0.984 in) (see 9.2.3),
bn equivalent limits for PSL 2 pipe in Grade L415N or X60N (see Table 5),

bn equivalent limits for PSL 2 pipe in Grade L555Q or X80Q, L625Q or X90Q, and L69
Q (see Table 5),

bn equivalent limits for PSL 2 SMLS pipe with ¢ > 20,0 mm (0.787 in)(see Table 5, footnote
eter and out-of-roundness tolerances for pipe with D > 1 422 tqim (56.000 in) (see Table 1

eter and out-of-roundness tolerances for the ends of SMLS\pipe with ¢ > 25,0 mm (0.984 ix
b 10, footnote b),

ard applicable to jointer welds (see A.1.2);

e of sizing ratio for cold-expanded pipe (see 8.9.2),

tion for sizing ratio (see 8.9.3),

hical composition limits for PSk. 1 pipe (see Table 4, footnotes c, e and f),

hical composition limits for RSL 2 pipe (see Table 5, footnotes c, e, f, g, h, i, k and |),

tensile ratio for Grades 1L.625Q or X90Q, L690 or X100 and L830 or X120 (see Table 7, footn
h or Table J.2, footnotes h and i),

nation and reporting of Charpy shear area (see 9.8.2.3),
bnces forrandom length pipe [see 9.11.3.3 a)],

of thread compound (see 9.12.2.4),

0Q or

=
~

) (see

otes g

type

10) International Standard applicable to Charpy testing (see 10.2.3.3, 10.2.4.3, D.2.3.4.2 and D.2.3.4.3),

11) product analysis method (see 10.2.4.1),

12) alternate method for diameter measurement for D > 508 mm (20.000 in) (see 10.2.8.1),

13) offset of longitudinal pipe weld seams at jointer welds (see A.2.4),

14) repairs in cold-expanded pipe (see C.4.2),

15) alternate 1Ql type (see E.4.3.1);

16
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c) Items that apply, if agreed:

1)
2)
3)
4)
5)

delivery condition (see 6.2 and Table 1),

supply of quenched and tempered PSL 1 Grade L245 or B SMLS pipe (see Table 1),
supply of intermediate grades (see Table 2, footnote a),

supply of double-seam SAWL pipe (see Table 2, footnote c),

alternative to specified seam heat treatment for PSL 1 pipe (see 8.8.1),

183:2012(E)

6

N NN
=

oupp:y Uf SI"\\‘VA\IIH PIPU vv;th UUI:IIH:GtU A~} Id VVU:dO at thU PIHU Ulldo (OUU 8103),
supply of jointers (see 8.11 and H.3.3.3),
CVN impact test temperature lower than 0 °C (32 °F) (see 9.8.2.1, 9.8.2.2 and’9.8.3),

CVN impact test of the pipe body of PSL 2 welded pipe with D < 508 mm {20.000 in) for
area (see 9.8.2.2 and Table 18),

CVN impact test of the longitudinal seam weld of PSL 2 HFW pipe (see 9.8.3 and Tablg
DWT test of the pipe body of PSL 2 welded pipe with D > 508\m (20.000 in) (see 9.9.1
DWT test temperature lower than 0 °C (32 °F) (see 9.94),

alternative fraction jointers comprising two or three-pieces [see 9.11.3.3 c¢), d) and e)],
power-tight make-up of couplings (see 9.12.2.3.and 10.2.6.1),

special bevel configuration (see 9.12.5.3),

removal of outside weld bead at pipe erids of SAW or COW pipe [see 9.13.2.2 €],
weldability data or tests for PSL 2'pipe (see 9.15),

type of inspection documentfor PSL 1 pipe (see 10.1.2.1),

manufacturing information for PSL 1 pipe (see 10.1.2.2),

alternative type ofinspection document for PSL 2 pipe (see 10.1.3.1),

use of transverse test pieces for tensile tests of SMLS pipe, not cold-expanded (see Table ]

use ofthe ring expansion test for transverse yield strength determinations (see 10.2
footnote’c and Table 20 footnote d),

use of an alternative to macrographic examination (see 10.2.5.2),

shear fracture

18),
and Table 18),

0, footnote c),

3.2, Table 19

24)
25)
26)

hardness test during production of EW and LW pipe (see 10.2.5.3),

specific condition to be used for hydrostatic tests for threaded and coupled pipe (see 10.2.6.1),

alternate hydrotest pressure (see Table 26),

27) use of minimum permissible wall thickness to determine hydrostatic test pressure (see 10.2.6.7),

28)

specific method to be used for determining pipe diameter (see 10.2.8.1),

29) use of inside diameter measurements to determine diameter and out-of-roundness for expanded pipe
with D > 219,1 mm (8.625 in) and for non-expanded pipe (see 10.2.8.3 and Table 10, footnote c),

30)

specific method to be used for determining other pipe dimensions (see 10.2.8.7),
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18

31) paint-stencilled markings for couplings (see 11.1.2),

32) additional markings specified by the purchaser (see 11.1.4),

33) specific surface or location for pipe markings [see 11.2.2 b) and 11.2.6 b)],

34) die-stamping or vibro-etching of pipe (see 11.2.3),

35) alternative location for marking the pipe (see 11.2.4),

36) alternative format for pipe length marking locations [see 11.2.6 a)],

37) colo

Jr identification for pipe (see 11.2.7),

38) mult
39) temp

40) sped

ple grade marking (see 11.4.1),
orary external coating (see 12.1.2),

ial coating (see 12.1.3),

41) lining (see 12.1.4),

42) man
43) radiq
44) non-
45) NDT]
46) ultra
47) ultra
48) radiq
49) use
50) alter|
51) ultra

52) ultra
SAW

53) supg
54) appl

Lifacturing procedure qualification for PSL 2 pipe, in which case, Annex B shall apply (see
graphic inspection of SAW seam or coil/plate end weld (see Table E.1),

destructive inspection of PSL 1 SMLS pipe (see E.3.1.2),

of EW seam welds after hydrotest [see E.3.1.3 b)],

sonic inspection of welded pipe for laminar imperfections at pipe ends (see E.3.2.3),

sonic inspection of SMLS pipe for laminar imperfections at pipe ends (see E.3.3.2),
graphic inspection in accordance with-Clause E.4 [see K.5.3 a)],

bf both holes and notches in ultrasenic reference standard (see Table E.7),

hative re-inspection techniguefor COW seams (see E.5.5.5),

sonic inspection for laminar imperfections in the pipe body of EW, SAW or COW pipe (see€

sonic inspection for laminar imperfections along the coil/plate edges or the weld seam g
or COW pipe (see’E.9),

ly of welded:eouplings on pipe with D > 355,6 mm (14.000 in) (see F.1.3),

cation 8fAnnex G to PSL 2 pipe where purchaser shall specify the toughness test temperatu

E.8),
f EW,

re, the
b G.2),

minimumi_energy for each test and the minimum average energy value required for the order (seg
55) PSLW

56) TFL

57) pipe

pipe, in which case, Annex | shall apply (see 1.2),

for offshore service, in which case, Annex J shall apply (see J.2),

58) PSL 2 pipe for European onshore natural gas transmission pipelines, in which case, Annex M shall
apply (see M.2),

59) any other additional or more stringent requirements.
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8 Manufacturing

8.1

Process of manufacture

ISO 3183:2012(E)

Pipe furnished to this International Standard shall be manufactured in accordance with the applicable
requirements and limitations given in Tables 2 and 3.

Table 2 — Acceptable processes of manufacture and product specification levels

PSL 1 pipe grade @ PSL 2 pipe grade @
gt | e | e | 120 | o SR e | s e
A B ° | “orxso | ~orxto0 | | 8300r
X70 X120
Type of pipe
SMLY X X X X X X X —
Ccw X X — — — — — —
LFW X — X X X — — —
HFW X — X X X X — —
LW — — — — X — — —
SAWL ¢ — — X X X X X X
SAWH A — — X X X X X X
COWL ¢ — — X X X X — —
COWH — — X X X X — —
Type of pipe end
Bellegl end © X — X X X — — —
Plainfend X — X X X X X X
spgl)aelgi sln(?otjogling X AN X X - - -
Thredded end f X X X X — — — —
a Intermediate grades are available if agreed, but limited to grades higher than Grade L290 or X42.
b Grades L175, L175P;)A25 and A25P are limited to pipe with D < 141,3 mm (5.563 in).
¢ Double-seam-pipe is available if agreed, but limited to pipe with D > 914 mm (36.000 in).
d Helical-séamrpipe is limited to pipe with D > 114,3 mm (4.500 in).
e Belled-end pipe is limited to pipe with D <219,1 mm (8.625 in) and ¢ < 3,6 mm (0.141 in).
f Threaded-end pipe is limited to SMLS and longitudinal seam welded pipes with D <508 mm (20.000 in).
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Table 3 — Acceptable manufacturing routes for PSL 2 pipe

normalizing-rolled or
normalized coil or plate

. . . . . Pipe heat Delivery
Type of pipe Starting material Pipe forming treatment condition
As-rolled — R
Normalizing forming — N
Normalizing N
SMLS Ingot, bloom or billet Hot forming Quenching and Q
tempering
. Normalizing N
Hot forming and cold — -
flnlshlng WUCTICHTY diid Q
tempering
i a
Normalizing-rolled coil Cold forming Heat treating @ of N
weld area only
Heat treating @ of M
weld area only
Thermomechz_anical—rolled Cold forming Heat treating 2
coil of weltharea and M
stress'relieving of
entire pipe
HEW Normalizing N
Cold forming Quenching and Q
tempering
As-rolled or Cold forming followed-by hot
thermomechanical-rolled reducing under, controlled _ N
coil temperaturesresulting in
a normalized condition
Cold\férming followed by
thermomechanical forming — M
of pipe
Normalized or normalizing- Cold forming . N
rolled coil or plate
As-rolled,
thermomgc_hanlcal-rolled, Cold forming Normalizing N
normalizing-rolled or
normalized
Thermomgchanlcal-rolled Cold forming L M
coil' or plate
SAW or COW|pipe Quenched and tempered Cold forming . Q
plate
As-rolled,
thermomgghanlcal-rolled, Cold forming Quenchlng and Q
nnrmnl|7|ng-rnllnd Qr. fnmpnrlng
normalized coil or plate
As-rolled,
thermomechanical-rolled, - .
Normalizing forming — N

a  See 8.8 for applicable heat treatments.
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8.2 Processes requiring validation

Final operations performed during pipe manufacturing that affect attribute compliance as required in this
International Standard (except chemical composition and dimensions) shall have their processes validated.

Those processes requiring validation are the following:

— for seamless, as-rolled pipe: final reheating practice and hot sizing or stretch-
reducing; if applicable, upsetting, cold finishing;

— for seamless, heat-treated pipe: heat treatment;

— for electric-welded, as-rolled pipe: sizing and seam welding; if applicable{$g¢am heat
treatment and upsetting;

— fofr electric-welded, heat-treated pipe: seam welding and full-body heattreatmept;

— for SAW and COW pipe, non expanded: pipe forming, seam welding,repair welding; if
applicable, heat treatmént;

— for SAW and COW pipe, expanded: pipe forming, seamwelding, repair welding,
expansion.

8.3 [Starting material

8.3.1 | The supplying steel and rolling mill(s) shall have a d@cumented quality management sysiem.

NOTE Documentation of a quality system does not redquire certification by a third party certification|body. Only the
creatign or adoption of a written quality system is necessary to meet the requirements of this International Standard.
It is left to the discretion of the responsible quality management personnel to | create or adopt the sysfem which best
reflecty the need of each company. There are many éxisting quality management systems to which personmel can refer for
guidance in the development of an appropriate guality system, including ISO/TS 29001 and API Spec Q1| which contain
provisipns specific to the oil and gas industry; oSO 9001, which contains general requirements for qualify management
systenps that are auditable. This list is not exhaustive and is provided for information only.

8.3.2 | The ingots, blooms, billets, coils or plates used as starting material for the manufacture of pipe shall be
made|from steel made by the

— bpsic oxygen process;

— electric-furnace,process, or

|
o

ben hearthrprocess only in combination with a ladle refining process.

8.3.3 | For PSL 2 pipe, the steel shall be killed and made according to fine grain practice.

8.3.4 The caoil or plate used for the manufacture of PSL 2 pipe shall not contain any repair welds.

8.3.5 The width of the coil or plate used for the manufacture of helical seam pipe shall not be less than
0,8 times or more than 3,0 times the specified outside diameter of the pipe.

8.3.6  Any lubricant that contaminates the weld bevel or the surrounding areas shall be removed before making
the longitudinal seam welds of SAWL or COWL pipes or the helical seam welds of SAWH or COWH pipes.

8.3.7 For welded pipe with delivery condition M, critical variables of the coil/plate rolling practice (e.g.
reheating, rolling and cooling temperatures, times and tolerances) shall be defined and controlled to ensure the
mechanical properties throughout the pipe are suitably uniform considering

— coil/plate characteristics and variability;
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— sensitivity of properties to rolling practice;
— appropriate coil/plate cropping distances;
— tensile property changes inherent in pipe forming.

The permissible ranges of critical variables for coil/plate rolling practice shall be documented.

8.3.8 For welded pipe with delivery condition M, the ability of the coil/plate rolling practice to achieve planned
results consistent with 8.3.7 shall be verified as follows.

— Representative coil/plate and pipe manufacturing trials or historical data of coil/plate and/or pipe properties
and procgssing conditions shall demonstrate that, within the ranges permitted by documented limits|of the
rolling practice, the consistent required pipe properties are achieved.

— For gradgs higher than L360M or X52M, the pipe manufacturer shall conduct or shall have previously
conductgd an on-site technical audit of the coil/plate mill and periodic on-site or remote‘¢onfirmatign that
the coil/plate rolling practice continues to achieve the planned results. Coil/plate rolling,practice validation
criteria shall be verified as part of the audit.

8.3.9 Hot rolling practice process deviations from the manufacturer’s documented limits shall be qyalified
through documented practices either in the hot rolled material by mechanical testing to defined limits anf/or in
the pipe form [by designating that material as a new test unit.

8.4 Tack welds

8.4.1 Tack yelds shall be made by

a) semi-autpmatic submerged-arc welding,

b) electric welding,

c) gas metdl-arc welding,

d) flux-corefl arc welding,

e) shielded metal-arc welding using a low hydrogen electrode, or

f) laser welding.

8.4.2 Tack yelds shall be
a) melted and coalesced into the final weld seam,

b) removed|by.machining, or

HY1 W all
A\

C) treated inrateordance-with-Clatse-€

(o]
-

8.5 Weld seams in COW pipe

For the production of weld seams in COW pipe, the first pass shall be continuous and made by gas-metal arc
welding followed by submerged-arc welding, with at least one submerged-arc welding pass made on the inside
of the pipe and at least one submerged-arc welding pass made on the outside of the pipe, wherein the gas-
metal arc weld bead is not completely removed by the submerged-arc welding passes.

8.6 Weld seams in SAW pipe

For the production of weld seams in SAW pipe, at least one submerged-arc welding pass shall be made on
the inside of the pipe and at least one submerged-arc welding pass shall be made on the outside of the pipe.
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8.7 Weld seams in double-seam pipe

The seams of double-seam pipe shall be approximately 180° apart.
8.8 Treatment of weld seams in EW and LW pipes

8.8.1 PSL 1 EW pipe

For grades higher than Grade L290 or X42, the weld seam and the HAZ shall be heat treated so as to simulate
a normalizing heat treatment, except that, if agreed, alternative heat treatments may be substituted. If such
substitutions are made, the manufacturer shall demonstrate the effectiveness of the method selected using
an agreed procedure. Such a procedure may include, but is not necessarily limited to, hardness testing,
microgtructural evaluation or mechanical testing.

For grades equal to or lower than Grade L290 or X42, the weld seam shall be heat treated’so ag to simulate a
normgdlizing heat treatment, or the pipe shall be processed in such a manner that no untenipered martensite remains.

8.8.2 | LW pipe and PSL 2 HFW pipe

For alllgrades, the weld seam and the entire HAZ shall be heat treated so as to simulate a normalizing heat treatment.
8.9 [Cold sizing and cold expansion

8.9.1 | Except as allowed by 8.9.2, the sizing ratio for cold-sized pipe shall not be more than 0,015, unless
a) the pipe is subsequently normalized or quenched and‘tempered, or

b) the entire part of the pipe that is cold sized is subsequently stress relieved.

8.9.2 | Unless otherwise agreed, the sizing ratio for cold-expanded pipe shall not be less {han 0,003 or
more than 0,015.

8.9.3 | Unless otherwise agreed, thé:sizing ratio, sr, shall be derived using Equation (1):

D, - Dy
| e 0
wherg
Da istthe manufacturer-designated outside diameter after sizing, expressed in millimetres
(inches);
Db is the manufacturer-designated outside diameter before sizing, expressed in millimetres
(inches);

|Da _Db| is the absolute value of the outside diameter difference, expressed in millimetres (inches).

8.10 Coil/plate end welds
8.10.1 Caoil/plate end welds shall not be present in finished longitudinal seam pipe.

8.10.2 For finished helical seam pipe, junctions of coil/plate end welds and helical-seam welds shall be at least
300 mm (12.0 in) from the pipe ends.
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8.10.3 If agreed, coil/plate end welds in helical-seam pipe may be present at the pipe ends, provided that there
is a circumferential separation of at least 150 mm (6.0 in) between the coil/plate end weld and the helical seam
at the applicable pipe ends.

8.10.4 Coil/plate end welds in finished helical seam pipe shall have been
— made by submerged-arc welding or a combination of submerged-arc welding and gas metal-arc welding,

— inspected to the same acceptance criteria as specified for the helical-seam weld.

8.11 Jointers

8.11.1 Jointgrs may be furnished if agreed.
8.11.2 Weldgd jointers shall be made in accordance with the requirements of Annex A.
8.11.3 No pipe used in making a jointer shall be less than 1,5 m (5.0 ft) long.

8.11.4 Portigns of pipe used in the making of jointers shall have passed inspection, including hydrostatic
testing. Alterngtively, the completed jointer may be hydrostatically tested.

8.12 Heat t1eatment

Heat treatments shall be performed in accordance with documente@ procedures.

8.13 Tracedbility

8.13.1 For PBL 1 pipe, the manufacturer shall establish:and follow documented procedures for maintairjing

— the heat|identity until all related chemical-tests are performed and conformance with the spegcified
requiremgnts is shown,

— the test-ynit identity until all related mechanical tests are performed and conformance with the spgcified
requiremgnts is shown.

8.13.2 For PSL 2 pipe, the manufacturer shall establish and follow documented procedures for mainfaining
the heat identjty and the test-unitidentity for all such pipe. Such procedures shall provide means for tracing any
length of pipe]to the propertest unit and the related chemical and mechanical test results.

9 Acceptancecriteria

9.1 Gener

9.1.1 The general technical delivery requirements shall be in accordance with ISO 404.

9.1.2 Pipe manufactured as Grade L415 or X60 or higher shall not be substituted for pipe ordered as
Grade L360 or X52 or a lower grade without the purchaser’s approval.

9.2 Chemical composition

9.21 For PSL 1 pipe with < 25,0 mm (0.984 in), the chemical composition for standard grades shall be as
given in Table 4, and the chemical composition for intermediate grades shall be as agreed, but consistent with
those given in Table 4.
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NOTE Grade L175P or A25P is re-phosphorized and, therefore, has better threading properties than Grade L175 or
A25; however, it can be somewhat more difficult to bend.

9.2.2 For PSL 2 pipe with ¢ < 25,0 mm (0.984 in), the chemical composition for standard grades shall be as
given in Table 5 and the chemical composition for intermediate grades shall be as agreed, but consistent with
those given in Table 5.

9.2.3 ForPSL 1 or PSL 2 pipe with ¢ > 25,0 mm (0.984 in), the chemical composition shall be agreed, with the
requirements of Tables 4 and 5 being amended as appropriate.

9.2.4 or P pipe with a prod analysis carbon ma %, the carbon

equivalent, CEpcm, shall be determined uing Eqation (2):

Cipcm:C+ﬂ+m+g+m+g+m+l+SB (2)
30 20 20 60 20 15 10

wherg the symbols for the chemical elements represent the mass fraction in percent (see Table p).

If the heat analysis for boron is less than 0,000 5 %, then it is not necessary\for the product analysis to include
boron} and the boron content may be considered to be zero for the CEpcmycalculation.

9.2.5 | For PSL 2 pipe with a product analysis carbon mass fractiongreater than 0,12 %, the carbpn equivalent,
CEw| shall be determined using Equation (3):

Mn (Cr+Mo+V) (Ni+Cu)

CEyw =C+—+ + 3
w 5 5 15 3)

wherg the symbols for the chemical elements represent the mass fraction in percent (see Table p).

NOTE A derogation from the ISO rules for the presentation of chemical equations has been granted f¢r Equations (2)
and (3) in deference to their longstanding use indthe industry.
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Table 4 — Chemical composition for PSL 1 pipe with /< 25,0 mm (0.984 in)

Mass fraction, based upon heat and product analyses & 9
Steel grade %
(Steel name) c Mn P s v Nb Ti
max. b max. b min. max. max. max. max. max.
Seamless pipe
L175 or A25 0,21 0,60 — 0,030 0,030 — — —
L175P or A25P 0,21 0,60 0,045 0,080 0,030 — — —
L210 or A 0.22 0.90 — 0.030 0.030 — — —
L245 or B 0,28 1,20 — 0,030 0,030 cd c.d ¥
L290 or X42 0,28 1,30 — 0,030 0,030 d d J
L320 or X46 0,28 1,40 — 0,030 0,030 d d J
L360 or X52 0,28 1,40 — 0,030 0,030 d d d
L390 or X56 0,28 1,40 — 0,030 0,030 d d d
L415 or X60 0,28¢ 1,40¢€ — 0,030 0,030 f f f
L450 or X65 0,28¢ 1,40€ — 0,030 0,030 % f f
L485 or X70 0,28¢ 1,40¢€ — 0,030 0,030 f f f
Welded pipe

L175 or A25 0,21 0,60 — 0,030 0,036 — — +
L175P or A25pP 0,21 0,60 0,045 0,080 0;030 — — +
L210 or A 0,22 0,90 — 0,030 0,030 — — +
L245 or B 0,26 1,20 — 0,030Q 0,030 cd c.d ¥
L290 or X42 0,26 1,30 — 0,030 0,030 d d d
L320 or X46 0,26 1,40 — 0,030 0,030 d d d
L360 or X52 0,26 1,40 — 0,030 0,030 d d J
L390 or X56 0,26 1,40 - 0,030 0,030 d d J
L415 or X60 0,26 ¢ 1,40¢€ — 0,030 0,030 f f f
L450 or X65 0,26 ¢ 1,45¢€ — 0,030 0,030 f f f
L485 or X70 0,26 ¢ 1,65°® — 0,030 0,030 f f f
8  Cu<0,50 {6; Ni <0,50 %; Cr<0,50"%'and Mo < 0,15 %
b For each r¢duction of 0,01 % felow the specified maximum concentration for carbon, an increase of 0,05 % above the spgcified
maximum concgntration for Mn iS)permissible, up to a maximum of 1,65 % for grades > L245 or B but < L360 or X52; up to a maximum
of 1,75 % for grades > L360 of:X52 but < L485 or X70; and up to a maximum of 2,00 % for Grade L485 or X70.
¢ Unless othprwise agfeed, Nb + V < 0,06 %.
d  Nb+V+T|<0,45%:
€ Unless othprwise agreed.

f Unless otherwise agreed, Nb + V +Ti < 0,15 %.

9 No deliberate addition of B is permitted and the residual B < 0,001 %.
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Table 5 — Chemical composition for PSL 2 pipe with 1 < 25,0 mm (0.984 in)

k

Unless otherwise agreed
B <0,004 %.

Unless otherwise agreed

For all PSL 2 pipe grades except those grades to which footnote j already applies, the following applies. Unless otherwise agreed
no intentional addition of B is permitted and residual B < 0,001 %.

, Cu<0,50 %; Ni<1,00 %

, Cu<0,50 %; Ni<1,00 %

; Cr<0,50 % and Mo <0, 50 %.

; Cr<0,55 % and Mo <0, 80 %.

Steel grade Mass fraction, based upon heat and product analyses C_arbon
(Steel name) o . equivalent
o maximum % maximum
cb | si [mb| P | s | v | Nb | Ti |other| CEyw | CEpom
Seamless and welded pipes
L245R or BR 0,24 0,40 1,20 0,025 | 0,015 ¢ ¢ 0,04 &l 0,43 0,25
L290R or X42R 0,24 0,40 1,20 0,025 | 0,015 0,06 0,05 0,04 el 0,43 0,25
L245Nor BN 0,24 0,40 T,20 0,025 | 0,015 © T 0,04 ot 0,43 0,25
L290N or X42N 0,24 0,40 1,20 0,025 | 0,015 0,06 0,05 0,04 el 9,43 0,25
L320N or X46N 0,24 0,40 1,40 0,025 | 0,015 0,07 0,05 0,04 dieyl 0,43 0,25
L360N or X52N 0,24 0,45 1,40 0,025 | 0,015 0,10 0,05 0,04 del 0,43 0,25
L390N or X56N 0,24 0,45 1,40 0,025 | 0,015 0,10f 0,05 0,04 del 9,43 0,25
L415N or X60N 0,24f | 0,45 | 1,40f | 0,025 | 0,015 0,0f | 0,05F |.0,04f g.hl as agreed
L245Q or BQ 0,18 0,45 1,40 0,025 | 0,015 0,05 0,05 0,04 &l 0,43 0,25
L2900 or X42Q 0,18 0,45 1,40 0,025 | 0,015 0,05 0,06 0,04 el 0,43 0,25
L320Q or X46Q 0,18 0,45 1,40 0,025 | 0,015 0,05 0,05 0,04 el 9,43 0,25
L3601 or X52Q 0,18 0,45 1,50 0,025 | 0,015 0,05 0,05 0,04 el 9,43 0,25
L3900 or X56Q 0,18 0,45 1,50 0,025 | 0,015 0,07 0,05 0,04 del 0,43 0,25
L415Q or X60Q 0,18f | 0,45f 1,70f | 0,025 | 0,015 9 9 9 hl 0,43 0,25
L4500 or X65Q 018f | 0,45f | 1,70f | 0,025 | 0,015 9 9 9 hl 9,43 0,25
L485Q or X70Q 018f | 0,45 | 1,80f | 0,025 (\©,015 9 9 9 hil Q43 | 025
L5550 or X80Q 018f | 0,45f | 1,90f | 0,025 | 0,015 9 g 9 ij as agreed
L6254 or X90Q 016f | 0,45f 1,90 Q;020 | 0,010 9 9 9 ik as agreed
L6902 or X100Q 016f | 0,45f 1,90 0,020 | 0,010 9 9 9 ik as agreed
2  Bpased upon product analysis. For seamless pipe with > 20,0 mm (0.787 in), the CE limits shall be as agreed. The CEjw limits
apply |f C > 0,12 % and the CEp¢m limits applyrif C < 0,12 %.
b Fpr each reduction of 0,01 % below-the specified maximum for C, an increase of 0,05 % above the specified makimum for Mn is
permigsible, up to a maximum of 1,65-% for grades > L245 or B but < L360 or X52; up to a maximum of 1,75 % for gfades > L360 or
X52 bpt < L485 or X70; up to a,maximum of 2,00 % for grades > L485 or X70 but < L555 or X80; and up to a maximym of 2,20 % for
grades > L555 or X80.
¢ Unless otherwise agreed; Nb +V < 0,06 %.
d Nb+V+Ti<015%:
€ Unless othefwise agreed, Cu < 0,50 %; Ni < 0,30 %; Cr< 0,30 % and Mo < 0,15 %.
f Unless atherwise agreed.
9 Unless otherwise agreed, Nb +V + Ti < 0,15 %.
h nless otherwise agreed, Cu < 0,50 %; Ni < 0,50 %; Cr < 0,50 % and Mo <0, 50 %.
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Table 5 — Chemical composition for PSL 2 pipe with < 25,0 mm (0.984 in) (continued)

Steel grade Mass fraction, based upon heat and product analyses C_arbon

(Steel name) % . equivalent

o maximum % maximum
cb | si |[mb| P | s | v | Nb | Ti |other| CEnw | CEpem

Welded pipe

L245M or BM 0,22 0,45 1,20 0,025 | 0,015 0,05 0,05 0,04 el 0,43 0,25
L290M or X42M 0,22 0,45 1,30 0,025 | 0,015 0,05 0,05 0,04 el 0,43 0,25
L320M or X46M 0,22 0,45 1,30 0,025 | 0,015 0,05 0,05 0,04 el 0,43 0,25
L360M or X54M 0,22 0,45 1,40 0,025 | 0,015 d d d el 0,43 0,25
L390M or X5¢M 0,22 0,45 1,40 0,025 | 0,015 d d d el 0,43 0,25
L415M or X60M 0,12f | 0,45F | 1,60f | 0,025 | 0,015 9 g 9 hi 0,43 0,25
L450M or X64M 0,12f | 0,45f | 1,60f | 0,025 | 0,015 9 g 9 hi 0,43 0,25
L485M or X7qM 012f | 0,45f | 1,70f | 0,025 | 0,015 9 9 9 bl 043 | p,25
L555M or X84QM 012f | 0,45f | 1,85f | 0,025 | 0,015 9 g 9 Ll 0,43f 0,25
L625M or X9(qM 0,10 0,55f | 210f | 0,020 | 0,010 9 g 9 il — 0,25
L690M or X100M 0,10 0,55f | 210f | 0,020 | 0,010 9 g 9 ij 0,25
L830M or X120M 0,10 0,55f | 210f | 0,020 | 0,010 9 g 9 ij 0,25

2  Based upop product analysis. For seamless pipe with # > 20,0 mm (0.787 in), the CE limits shall be as agreed. The CEjy limits
apply if C > 0,14 % and the CEpcm limits apply if C < 0,12 %.

b For each r¢duction of 0,01 % below the specified maximum for C, an increasg-of 0,05 % above the specified maximum fof Mn is
permissible, up|to a maximum of 1,65 % for grades > L245 or B but < L360 orX52; up to a maximum of 1,75 % for grades > LB60 or
X52 but < L485|or X70; up to a maximum of 2,00 % for grades > L485 or XZ@:but < L555 or X80; and up to a maximum of 2,2Q % for
grades > L555 ¢r X80.

¢ Unless othprwise agreed, Nb +V < 0,06 %.

d  Nb+V+T|<0,15 %.

€ Unless othprwise agreed, Cu < 0,50 %; Ni < 0,30 %; £r<0,30 % and Mo < 0,15 %.

f Unless othprwise agreed.

9 Unless othprwise agreed, Nb + V + Ti < 0,15 %.

h Unless othprwise agreed, Cu < 0,50 %; Ni.< 0,50 %; Cr < 0,50 % and Mo < 0, 50 %.
i Unless othprwise agreed, Cu < 0,50-%; Ni < 1,00 %; Cr < 0,50 % and Mo <0, 50 %.
i B <0,004 fo.
k' Unless othprwise agreed, Cu X 0,50 %; Ni < 1,00 %; Cr < 0,55 % and Mo < 0, 80 %.

! For all PSY 2 pipe grades\éxcept those grades to which footnote j already applies, the following applies. Unless otherwise 4greed
no intentional afidition of B\is permitted and residual B < 0,001 %.
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9.3 Tensile properties

9.3.1

For PSL 1 pipe, the tensile properties shall be as given in Table 6.

9.3.2 For PSL 2 pipe, the tensile properties shall be as given in Table 7.

ISO 3183:2012(E)

Table 6 — Requirements for the results of tensile tests for PSL 1 pipe

Pipe body of seamless and welded pipes

Weld seam of EW,
LW, SAW and COW

bipes
" Yield strength @ Tensile strength @ Elongation Tensilg strength b
ipe grade (on 50 mm or 2 in)
Ri0,5 Rm As Rm
MPa (psi) MPa (psi) % MPa (psi)
min. min. min. min.
L175 pr A25 175 (25 400) 310 (45 000) % 310((45 000)
L175R or A25P 175 (25 400) 310 (45 000) ¢ 310((45 000)
L210 pr A 210 (30 500) 335 (48 600) c 335|(48 600)
L245/or B 245 (35 500) 415 (60 200) ¢ 415](60 200)
L290(or X42 290 (42 100) 415 (60 200) ¢ 415|(60 200)
L320for X46 320 (46 400) 435 (63 100) ¢ 435|(63 100)
L360|or X52 360 (52 200) 460 (66,700) c 460|(66 700)
L390|or X56 390 (56 600) 490 (71°100) ¢ 490((71 100)
L415 pr X60 415 (60 200) 520'(75 400) ¢ 520((75 400)
L450 for X65 450 (65 300) 535 (77 600) c 535|(77 600)
L485]or X70 485 (70 300) 570 (82 700) ¢ 570[(82 700)
a8  Fprintermediate grades, the difference between the specified minimum tensile strength and the specified minimum yield strength
for thg pipe body shall be as given in the tabje for the next higher grade.
b Fprintermediate grades, the specifiedminimum tensile strength for the weld seam shall be the same value as wa$ determined for
the pipe body using footnote a).
¢ The specified minimum elongation, 4, expressed in percent and rounded to the nearest percent, shall be as deterpnined using the
follow|ng equation:
0,2
A ’
11=C"%s
U )
where
(] _4s\1'940 for calculations using Sl units and 625 000 for calculations using USC units;
A is the applicable tensile test piece cross-sectional area _expr din square millimetfres (inllnrn inr‘hne) as$ follows:
— for circular cross-section test pieces, 130 mm2 (0.20 in2) for 12,7 mm (0.500 in) and 8,9 mm (0.350 in) diameter test
pieces; and 65 mmZ2 (0.10 in2) for 6,4 mm (0.250 in) diameter test pieces;
— for full-section test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using
the specified outside diameter and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);
— for strip test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the
specified width of the test piece and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);
U s the specified minimum tensile strength, expressed in megapascals (pounds per square inch).
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Table 7 — Requirements for the results of tensile tests for PSL 2 pipe

nearest 5 MPa.

b Forgrades

¢ This limit a|

d  Forintermg
the pipe body u

For USC units, the calculated value shall bexrqunded to the nearest 100 psi.
> L1625 or X90, Rpo,2 applies.
pplies for pipe with D > 323,9 mm (12.750 in).

5ing footnote a.

Weld seam
. . of HFW,
Pipe body of seamless and welded pipes SAW and
COW pipes
. Yield strength @ Tensile strength 2 Ratio® ¢ | Elongation Tensile
Pipe grade (on 50 mm | strengthd
or2in)
Rio,5 Rm Rt0,5/Rm Af Rm
MPa (psi) MPa (psi) % MPa (psi)
A FREDE A FREDE e PR FH.
L245R or BR
L245N or BN 245 450¢€ 415 655 0.93 f 41p
L245Q or BQ (35 500) (65 300) © (60 200) (95 000) ’ (60 400)
L245M or BM
L290R or X42R
L290N or X42N 290 495 415 655 0.93 f 41p
L290Q or X42Q (42 100) (71 800) (60 200) (95 000) ’ (60 Z00)
L290M or X434M
tgggg o ;((jgg 320 525 435 655 s ; 43p
L320M or X4aM (46 400) (76 100) (63 100) (95 000) (63 100)
::gggg o iggg 360 530 460 760 0.93 ; 46
L360M or X54M (52 200) (76 900) (66 700) (110 200) (66 700)
2  For intermgdiate grades, the difference between the specified maximum,yield strength and the specified minimum yield stfength
shall be as givgn in the table for the next higher grade, and the differencé-between the specified minimum tensile strength aphd the
specified minimjum yield strength shall be as given in the table for the next higher grade. For intermediate grades up to Grad¢ L320
or X46, the tendile strength shall be <655 MPa (95 000 psi). For interméediate grades greater than Grade L320 or X46 and lowgr than
Grade L555 or X80, the tensile strength shall be < 760 MPa (110 200 psi). For intermediate grades higher than Grade L555 dr X80,
the maximum pgrmissible tensile strength shall be obtained by interpolation. For Sl units, the calculated value shall be rounded to the

diate grades, the specified minimum tensile strength for the weld seam shall be the same value as was determined for

€ For pipe refquiring longitudinal testing;the maximum yield strength shall be < 495 MPa (71 800 psi).
f The speciffed minimum elongation, 45, shall be as determined using the following equation:
0,2
Af = Cg%
where
C is 1 9f07Tor calculations using Sl units and 625 000 for calculations using USC units;
Axc is the applicable tensile test piece cross-sectional area, expressed in square millimetres (square inches), as follows:
— for circular cross-section test pieces, 130 mm?2 (0.20 in2) for 12,7 mm (0.500 in) and 8,9 mm (0.350 in) diameter test
pieces; and 65 mmZ2 (0.10 in2) for 6,4 mm (0.250 in) diameter test pieces;
— for full-section test pieces, the lesser of 485 mm? (0.75 in2) or the cross-sectional area of the test piece, derived using
the specified outside diameter and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);
— for strip test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the
specified width of the test piece and the specified wall thickness of the pipe, rounded to the nearest 10 mmZ2 (0.01 in2);
U s the specified minimum tensile strength, expressed in megapascals (pounds per square inch).
g Lower values of Rig,5/Rm may be specified by agreement.
h For grades > L625 or X90, Rpo,2 /Rm applies. Lower values of Rpo,2 /Rm may be specified by agreement.
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Table 7 (continued)
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Weld seam
. . of HFW,
Pipe body of seamless and welded pipes SAW and
COW pipes
. Yield strength @ Tensile strength @ Ratio & ¢ | Elongation Tensile
Pipe grade (on 50 mm | strengthd
or 2in)
Rio,5 Rm Rt0,5/Rm A Rm
MPa (psi) MPa (psi) % MPa (psi)
- FREDE - FREDE FREDE P min.
tggg ; o iggg 390 545 490 760 0.93 : 490
L390M or X56M (56 600) (79 000) (71 100) (110 200) (71 100)
b oo 415 565 520 760 065 . 520
L415M1 or X60M (60 200) (81 900) (75 400) (110 200) (75 400)
L4500 or X65Q 450 600 535 760 0'93 f 535
L450M or X65M (65 300) (87 000) (77 600) (110 200) ’ (77 600)
L485Q or X70Q 485 635 570 760 0.93 f 570
L485M or X70M (70 300) (92 100) (82 700) (110 200) ’ (82 700)
L5550 or X80Q 555 705 625 825 0.93 f 625
L555M or X80M (80 500) (102 300) (90 600) (119.700) ’ (90 600)
625 775 695 915 f 695
L625} or X90M (90 600) (112 400) (100 800) (132 700) 0.95 (100 800)
2  Fprintermediate grades, the difference between the specifiedimaximum yield strength and the specified minimum yield strength
shall e as given in the table for the next higher grade, and the-difference between the specified minimum tensile gtrength and the
specifled minimum yield strength shall be as given in the table for the next higher grade. For intermediate grades up to Grade L320
or X448, the tensile strength shall be <655 MPa (95 000 psi)/ For intermediate grades greater than Grade L320 or X44 and lower than
Gradd L555 or X80, the tensile strength shall be < 760-MPa (110 200 psi). For intermediate grades higher than Grade L555 or X80,
the maximum permissible tensile strength shall berobtained by interpolation. For Sl units, the calculated value shall bg¢ rounded to the
nearept 5 MPa. For USC units, the calculated value shall be rounded to the nearest 100 psi.
b Fpr grades > L625 or X90, Rpo,2 applies:
¢ This limit applies for pipe with D > 823,9 mm (12.750 in).
d  Fprintermediate grades, the spetified minimum tensile strength for the weld seam shall be the same value as wa$ determined for
the pipe body using footnote a.
€ Fpr pipe requiring longitudinal testing, the maximum yield strength shall be <495 MPa (71 800 psi).

Lower values of Rig,5/Rm may be specified by agreement.

For grades > L625 or X90, Rpo,2 /Rm applies. Lower values of Rp0,2 /Rm may be specified by agreement.

f The specified minimum elongation, 45, shall be as determined using the following equation:
0,2
A i
XG
/f =C
UO,Q
where¢]
C  is 1 940 for calculations using Sl units and 625 000 for calculations using USC units;
Axc is the applicable tensile test piece cross-sectional area, expressed in square millimetres (square inches), as follows:
— for circular cross-section test pieces, 130 mm?2 (0.20 in2) for 12,7 mm (0.500 in) and 8,9 mm (0.350 in) diameter test
pieces; and 65 mmZ (0.10 in2) for 6,4 mm (0.250 in) diameter test pieces;
— for full-section test pieces, the lesser of 485 mmZ2 (0.75 in2) or the cross-sectional area of the test piece, derived using
the specified outside diameter and the specified wall thickness of the pipe, rounded to the nearest 10 mmZ2 (0.01 in2);
— for strip test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the
specified width of the test piece and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);
U s the specified minimum tensile strength, expressed in megapascals (pounds per square inch).
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Table 7 (continued)

Weld seam
. . of HFW,
Pipe body of seamless and welded pipes SAW and
COW pipes
. Yield strength @ Tensile strength 2 Ratio® ¢ | Elongation Tensile
Pipe grade (on 50 mm | strength d
or2in)
Rio,5 Rm Ri0,5/Rm Af Rm
MPa (psi) MPa (psi) % MPa (psi)
A Frene FRHA- Frent e AR FRH).
625 775 695 915
g f 2
L625QorX90Q | 90600) | (112400) | (100800) | (132700) 0,97
690b 840b 760 990 . ; 76D
L69OMor X100M 1 150 100)b | (121 800)> | (110200) | (143 600) 0.7 (110 200)
690 840b 760 990 " .
L690Qor X100Q | 159 100)b | (121 800)5 | (110200) | (143 600) 0.97 7
830b 1050b 915 1145 N ; 91p
L830Mor X120M | (120 400)® | (152300) | (132700) | (166 100) | %9 (132 {00)

a  Forintermg

shall be as give
specified minim

Grade L555 or
the maximum p|
nearest 5 MPa.

b Forgrades

¢ This limit a|

d  Forintermg
the pipe body u

or X46, the tendile strength shall be <655 MPa (95 000 psi). For intermediate grades greater than Grade L320 or X46 and lowg

diate grades, the difference between the specified maximum yield strength and/the specified minimum yield st
n in the table for the next higher grade, and the difference between the specified minimum tensile strength a
um yield strength shall be as given in the table for the next higher grade."For intermediate grades up to Gradd

X80, the tensile strength shall be < 760 MPa (110 200 psi). For interfgediate grades higher than Grade L555 g
ermissible tensile strength shall be obtained by interpolation. For SPunits, the calculated value shall be rounded
For USC units, the calculated value shall be rounded to the nearest 100 psi.

> L1625 or X90, Rpo,2 applies.
pplies for pipe with D > 323,9 mm (12.750 in).

sing footnote a.

rength
hd the

L320
r than
r X80,
to the

diate grades, the specified minimum tensile strength:for the weld seam shall be the same value as was determined for

€ For pipe requiring longitudinal testing, the maximum yield'strength shall be <495 MPa (71 800 psi).
f The speciffed minimum elongation, 45, shall be as determined using the following equation:
0,2
Af = C[—‘j%
where
C is 1 940 for calculations@sing S| units and 625 000 for calculations using USC units;
Axc is the|applicable tensile.test piece cross-sectional area, expressed in square millimetres (square inches), as follows:
— fof circular cross-section test pieces, 130 mm?2 (0.20 in2) for 12,7 mm (0.500 in) and 8,9 mm (0.350 in) diameter tgst
piecep; and 85'mm?2 (0.10 in2) for 6,4 mm (0.250 in) diameter test pieces;
— fof full-Section test pieces, the lesser of 485 mmZ2 (0.75 in2) or the cross-sectional area of the test piece, derived {ising
the sgecified outside diameter and the specified wall thickness of the pipe, rounded to the nearest 10 mm2 (0.01 in2)
— for strip test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the
specified width of the test piece and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);
U s the specified minimum tensile strength, expressed in megapascals (pounds per square inch).
9 Lower values of Rig,5/Rm may be specified by agreement.
h For grades > L625 or X90, Rpo,2 /Rm applies. Lower values of Rpo,2 /Rm may be specified by agreement.
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9.4

9.4.1

9.4.2

9.5

ISO 3183:2012(E)

Hydrostatic test

Except as allowed by 9.4.2, the pipe shall withstand the hydrostatic test without leakage through the
weld seam or the pipe body.

It is not necessary that jointers be hydrostatically tested, provided that the portions of pipe used in
making the jointers were successfully hydrostatically tested prior to the joining operation.

Bend test

No crlacks shall occur in any portion of the test piece and no opening of the weld shall occur,

NOTE

9.6
Acceq
a) E
1

b) H

—_

NOTE
and 13

NOTE
outsid
outsid

Flattening test
tance criteria for flattening tests shall be as follows:
\W pipe in grades > 1210 or A and LW pipe with D < 323,9 mm (12.750 in):

For grades > L415 or X60 with 7 > 12,7 mm (0.500 in), thete)shall be no opening of th
the distance between the plates is less than 66 % of the original outside diameter.
combinations of pipe grade and specified wall thickngss;there shall be no opening of th
the distance between the plates is less than 50 % of the original outside diameter.

For pipe with a D/t > 10, there shall be no cracks'or breaks other than in the weld befor
between the plates is less than 33 % of the original outside diameter.

There shall be no evidence of laminatiofyor burnt metal during the entire test before op
the pipe meet.

W and CW pipes in Grade L175, L475P, A25 or A25P:

original outside diameter.

There shall be no.€racks or breaks other than in the weld before the distance betwee
less than 60 %.ofthe original outside diameter.

1 The weld,extends to a distance, on each side of the weld line, of 6,4 mm (0.25 in) for D < 60,
mm (0.5 in) far’\D > 60,3 mm (2.375 in).

2  For-EW pipe that is processed through a hot-stretch mill and is flattened prior to such treatms
b diameter is as designated by the manufacturer; for all other cases, the original outside diameter
e diameter.

For all bend tests, the weld extends to a distance of 6,4 mm (0.25 in) on each side of the fusiop line.

e weld before
For all other
e weld before

e the distance

bosite walls of

There shall be no openingef'the weld before the distance between the plates is less than 75 % of the

n the plates is

mm (2.375 in)

ent, the original
s the specified

NOTE

3  The term “opening of the weld” includes any cracks, breaks or tears that become visible durin

test but does not include slight incipient cracking at the test piece edges.

9.7

9.71

Guided-bend test

Except as allowed by 9.7.2, the test pieces shall not

a) fracture completely,

g the flattening

b) reveal any cracks or ruptures in the weld metal longer than 3,2 mm (0.125 in), regardless of depth, or

c) reveal any cracks or ruptures in the parent metal, HAZ or fusion line longer than 3,2 mm (0.125 in) or
deeper than 12,5 % of the specified wall thickness.
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9.7.2 Cracks that occur at the edges of the test piece during testing shall not be cause for rejection, provided
that they are not longer than 6,4 mm (0.250 in).

9.8 CVN impact test for PSL 2 pipe

9.8.1

9.8.1.1

General

If subsize test pieces are used, the required minimum average (set of three test pieces) absorbed

energy values shall be the required values for full-size test pieces times the ratio of the specified width of the
subsize test piece to the specified width of the full-size test piece, with such derived values rounded to the

nearest joule

9.8.1.2 Indi
three test pieq

9.8.1.3 Test
applicable req

9.8.2 Pipek

9.8.21 The
as given in Ta

test temperatlire.

NOTE Th

9.8.2.2 For
pieces) shear

or, if agreed, & lower test temperature.

NOTE Th

9.8.23 If 9.

£ + af AY
TUULPUUTNiu 1urvc .

idual test values for any test piece shall be = 75 % of the required minimum average-(of a
es) absorbed energy values.

s conducted at temperatures lower than the specified test temperature shall be acceptablg
uirements for energy absorption and shear fracture area are met at such\lower temperatur

ody tests

minimum average (of a set of three test pieces) absorbed energy for each pipe body test s
ble 8, based upon full-size test pieces and a test temperature of 0 °C (32 °F) or, if agreed, 3

e energy values specified in Table 8 provide sufficient fracture-initiation resistance for most pipeline d¢

welded pipe with D < 508 mm (20.000 in),"if agreed, the minimum average (set of thrg
fracture area for each test shall be at least-85 %, based upon a test temperature of 0 °C (

s percentage of shear fracture area ensures a sufficiently ductile fracture at or above the test tempg¢

8.2.2 does not apply for the_order item, the shear fracture area on the CVN specimen sk

set of

if the

hall be
lower

ESigns.

e test
32 °F)

rature.

all be

estimated ang reported for information‘purposes for all grades and sizes of pipe that have been CVN tested,

unless otherw

ise agreed.
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Table 8 — CVN absorbed energy requirements for pipe body of PSL 2 pipe

183:2012(E)

Full-size CVN absorbed energy,
minimum
- . Ky
Specified outside
diameter J (ft-Ibf)
D Grade
mm (in) > L415 or > 1450 or > 1485 or > L555 or > L1625 or > 1690 or
<1415 or X60 to X65 to X70 to X80 to X90 to X100 to
X60 <L4500r | <L4850r | <L5550r | <L6250r | <L690or | <L830or
X865 X760 X80 X990 X160 X120
<504 (20.000) 27 (20) 27 (20) 27 (20) 40 (30) 40 (30) 40 (30) 40 (30)
> 508 (20.000) to
762 (50.000) 27 (20) 27 (20) 27 (20) 40 (30) 40 (30) 40430) 40 (30)
> 762/(30.000) to
914 ($6.000) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 54 (40) 54 (40)
> 914/(36.000) to
1219 (48.000) 40 (30) 40 (30) 40 (30) 40 (30) 40730) 54 (40) 68 (50)
> 1219 (48.000) to
1424 (56.000) 40 (30) 54 (40) 54 (40) 54 (40) 54 (40) 68 (50) 81 (60)
> 1422 (56.000) to 40 (30)
2 134 (84.000) 54 (40) 68 (50) 6850) 81 (60) 95 (70) 108 (80)
9.8.3 | Pipe weld and HAZ tests

The n
upon
a) 2
b) 4

c) 4

9.9

9.9.1
test te
DWT

NOTE

inimum average (of a set of three test pieces)*absorbed energy for each pipe weld and HA
ull-size test pieces and a test temperature.of 0 °C (32 °F), or if agreed a lower test temper

7 J (20 ft-1bf) for pipe with D < 1 422 mm (56.000 in) in grades < L555 or X80;
D J (30 ft:Ibf) for pipe with D > 422 mm (56.000 in);
D J (30 ft-Ibf) for pipe in grades > L555 or X80.

DWT test for PSL.-2 welded pipe

For each test-(of a set of two test pieces), the average shear fracture area shall be > 85 %,
mperature-of 0 °C (32 °F) or, if agreed, a lower test temperature. For wall thickness > 25,4 1
est acceptance requirements shall be by agreement.

Z test, based
ature, shall be

based upon a
nm (1.000 in),

1 Such shear-fracture area ensures a sufficiently ductile fracture at or above the test temperatur|e.

NOTE

2

A combination of sufficient shear-fracture area and sufficient CVN absorbed energy is an essential pipe-body

property to ensure the avoidance of brittle fracture propagation and the control of ductile fracture propagation in gas

pipelin

es (see Annex G and Table 20).

9.9.2 Tests conducted at temperatures lower than the specified test temperature shall be acceptable if the
applicable requirements for shear fracture area are met at such lower temperatures.

9.10

9.10.1

9.10.1

Surface conditions, imperfections and defects
General

.1 All pipes shall be free from defects in the finished condition.
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9.10.1.2 All pipes shall be free from cracks, sweats and leaks.

9.10.1.3 The acceptance criteria for imperfections found by non-destructive inspection shall be in accordance
with Annex E.

9.10.2 Undercuts

Undercuts in SAW and COW pipes shall be investigated, classified, and treated as follows.

a) Undercuts that have a depth < 0,4 mm (0.016 in) are acceptable, regardless of length, and shall be treated
in accordance with Clause C.1.
b) Undercuts that have a depth > 0,4 mm (0.016 in) but < 0,8 mm (0.031 in) are acceptable provided they are
treated inp accordance with Clause C.2 and provided that
1) their|individual lengths are < 0,5 ¢,
2) theirlindividual depths are < 0,1 ¢, and
3) therg are no more than two such undercuts in any 300 mm (12.0 in) length.ofweld.
c) Undercuis that exceed the limits specified in item b) shall be classified as defects and shall be tregted in
accordar|ce with Clause C.3.
NOTE Unfercuts can best be located visually.
9.10.3 Arc buyirns
9.10.3.1 Arc purns shall be classified as defects.
NOTE 1 Arg¢ burns are localized points of surface melting.eaused by arcing between the electrode or ground gnd the
pipe surface.
NOTE 2  Coptact marks, which are intermittent marks adjacent to the weld line of EW pipe resulting from elgctrical
contact betwegn the electrodes supplying the welding current and the pipe surface, are treated in accordance with{9.10.7.
9.10.3.2 Arc|burns shall be treated in accordance with Clause C.2, C.3 b) or C.3 c), except that they may
be removed By grinding, chipping ar machining, provided that the resultant cavity is thoroughly cleangdd and
checked for cpmplete removal of.damaged material by etching with a 10 % solution of ammonium persuljate or
a 5 % solution of nital.
9.10.4 Laminations
Laminations qr inclusions extending into the face or bevel of the pipe and having a visually determined lefpgth in

9.10.5 Geom

etric deviations

9.10.5.1 For other than dents, geometric deviations from the normal cylindrical contour of the pipe (e.g. flat
spots and peaks) that occur as a result of the pipe forming process or manufacturing operations and that
exceed 3,2 mm (0.125 in) in depth, measured as the gap between the extreme point of the deviation and the
prolongation of the normal contour of the pipe, shall be considered defects and shall be treated in accordance
with Clause C.3 b) or C.3 c).
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9.10.5.2 For dents, the length in any direction shall be < 0,5 D and the depth, measured as the gap between the
extreme point of the dent and the prolongation of the normal contour of the pipe, shall not exceed the following:

a)

b)

35
61

2 mm (0.125 in) for cold-formed dents with sharp-bottom gouges;

4 mm (0.250 in) for other dents.

Dents that exceed the specified limits shall be considered defects and shall be treated in accordance with
Clause C.3 b) or C.3 c).

9.10.6 Hard spots

Any h
35 HR
treate

9.10.7

Other

a) In

n

b)

i

o

c) In

S

NOTE
thickng

9.11
9.11.1

9.11.1
applic

9.11.1
given

9.11.1

ard spot larger than 50 mm (2.0 in) in any direction shall be classified as a defect if its hard
C, 345 HV10 or 327 HBW, based upon individual indentations. Pipes that contain stich dg
H in accordance with Clause C.3 b) or C.3 c).

Other surface imperfections
surface imperfections found by visual inspection shall be investigated, Classified and treat

nperfections that have a depth < 0,125 ¢ and do not encroach on the minimum permissible

nperfections that have a depth > 0,125 ¢ and do not encroach on the minimum permissible
nall be classified as defects, and shall be dressed-out by\grinding in accordance with Claus
b treated in accordance with Clause C.3.

nperfections that encroach on the minimum permissible wall thickness shall be classified g
nall be treated in accordance with Clause C.3,

“Imperfections that encroach on the minimum permissible wall thickness” implies that the po
ss that is beneath the surface imperfectionis less than the minimum permissible wall thickness.

Dimensions, mass and tolerances

Dimensions

g

3

.1 The pipe shall\be delivered to the dimensions specified in the purchase order,
able tolerances:

.2 The specified outside diameter and specified wall thickness shall be within the ap
in Table-9.

ness exceeds
fects shall be

ed as follows.

all thickness

nall be classified as acceptable imperfections and shall be treated in accordance with Clajise C.1.

all thickness
e C.2 or shall

s defects and

tion of the wall

ubject to the

blicable limits

irchase order.

.3 The pipe shall be delivered in random lengths or approximate length, as specified in the p
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Table 9 — Permissible specified outside diameter and specified wall thickness

Specified outside diameter
D

mm (in)

Specified wall thickness

Special light sizes 2

t

mm (in)

Regular sizes

> 10,3 (0.405) to 13,7 (0.540)

> 1,7 (0.068) to 2,4 (0.094)

> 13,7 (0.540) to 17,1 (0.675)

> 2,2 (0.088) to 3,0 (0.118)

> 17,1 (0.675) to 21,3 (0.840)

>2,3(0.091) to 3,2 (0.125)

> 21,3 (0,840) to 26 7 (1 050) — 21(0083)to 75 (0 294)
> 26,7 (1]050) to 33,4 (1.315) — >2,1(0.083) to 7,8 (0.308)
> 33,4 (11315) to 48,3 (1.900) — >2,1(0.083) to 10,0+0.894

> 48,3 (1]900) to 60,3 (2.375)

> 2.1 (0.083) to.12:5'(0.492

> 60,3 (2[375) to 73,0 (2.875) >21(0.083) to 3,6 (0.141) > 3,6 (0.141),{0.14,2 (0.559
> 73,0 (2[875) to 88,9 (3.500) >21(0.083) to 3,6 (0.141) > 3,6 (0/121)To 20,0 (0.787)
> 88,9 (3.500) to 101,6 (4.000) >2.1(0.083) to 4,0 (0.156) > 4,0(0156) to 22,0 (0.866
> 101,6 (4J000) to 168,3 (6.625) >2.1(0.083) to 4,0 (0.156) > &0 (0.156) to 25,0 (0.984
> 168,3 (6|625) to 219,1 (8.625) >2,1(0.083) to 4,0 (0.156) > 4,0 (0.156) to 40,0 (1.575
> 2191 (8.525) to 273,1 (10.750) > 3,2 (0.125) to 4,0 (0.156) > 4,0 (0.156) to 40,0 (1.575
> 2731 (10[750) to 323,9 (12.750) > 3,6 (0.141) to 5,2 (0.203) > 5,2 (0.203) to 45,0 (1.771
> 323,9 (12[750) to 355,6 (14.000) > 4,0 (0.156) to 5,6 (0.219) > 5,6 (0.219) to 45,0 (1.771
> 355,6 (14.000) to 457 (18.000) > 4,5 (0.177) to 7,1 (0.284) > 71 (0.281) to 45,0 (1.771)
> 457 (18J000) to 559 (22.000) > 4,8 (0.188) to 7,1 (0.281) > 71 (0.281) to 45,0 (1.771)
> 559 (22[000) to 711 (28.000) > 5,6 (0.219) to.7;1 (0.281) >71(0.281) to 45,0 (1.771)
> 711 (28.p00) to 864 (34.000) > 5,6 (0.219) to 7,1 (0.281) > 71 (0.281) to 52,0 (2.050

> 864 (34

000) to 965 (38.000)

> 5,6 (0.219) to 52,0 (2.050

> 965 (38.(

00) to 1 422 (56.000)

> 6,4 (0.250) to 52,0 (2.050

> 1422 (56.p00) to 1 829 (72.000)

> 9,5 (0.375) to 52,0 (2.050

> 1829 (72

000) to 2 134 (84.000)

> 10,3 (0.406) to 52,0 (2.050

)

NOTE St4
ASME B36.10M

(8],

ndardized values for specified outside diameter and specified wall thickness of pipe are given in ISO 4200

71 and

a8  Pipe havin
Other combinat
specified wall t
value is for spe

p the combination of-specified outside diameter and specified wall thickness is defined as special light sizs
ons given in this table are defined as regular size pipe. Pipe that has a combination of specified outside diamet
ickness that is intermediate to the tabulated values is considered to be special light size if the next lower tab
Lial light size-pipe€; other intermediate combinations are considered to be regular size pipe.

pipe.
er and
ulated

9.11.2 Mass

peryunit length

The mass per unit length, p;, expressed in kilograms per metre (pounds per foot), shall be calculated using

Equation (4):

py=1D -

where

t)xC

D is the specified outside diameter, expressed in millimetres (inches);

t s the specified wall thickness, expressed in millimetres (inches);

C is 0,024 66 for calculations in Sl units and 10.69 for calculations in USC units.

38
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For threaded-and-coupled pipe, the masses determined as described above shall conform to the calculated
masses or adjusted calculated masses within the tolerances specified in 9.14.

NOTE The nominal mass of a pipe is the product of its length and its mass per unit length.
9.11.3 Tolerances for diameter, wall thickness, length and straightness

9.11.3.1 Except as allowed by C.2.3, the diameter and out-of-roundness shall be within the tolerances given in
Table 10 (see 10.2.8.2).

Table 10 — Tolerances for diameter and out-of-roundness

Specified Diameter tolerances ¢ Out-of-roundness tolerances
qutside .
djameter mm (in) mm (i)
Pi h a Pi a,b,c
D ipe except the end ipe end Pipe.éxcept Pipe
fhm (in) SMLS pipe | Welded pipe | SMLS pipe | Welded pipe the end @ end abc
< 6(b,3 (2.375) -0,8 (0.031) to + 0,4 (0.016) 1,2 (0.048) 0,9 (0.036)
0,020 D for 0,015 D for
b <75 b <75
> 6(,3 (2.375) 4 !
to +0,0075D - 0,4 (0.016) to+ 1,6 (0.063) Bv agreement | By agreement
16,3 (6.625) yag yag
D for D for
—>75 —>75
t t
> 16B,3 (6.625) iO’OSJtSD’ + 00050
to +0,0075D . L ' 0,020 D 0,015 D
610 (24.000) maximum of but maximum of + 1,6 (0.063)
’ + 3,2 (0.125)
0,015 D, 0,01 D,
but maximum | put maximum
of 15 (0.6) of 13 (0.5)
+ 0,005 D,
> 610 (24.000) oot for 2<75 | |for 2 <75
to + 0,01 D maximum of +2,0 (0.079) +1,6 (0.063) t t
1422 (56.000) + 4,0 (0.160) By a%eement By agDreement
for —>75 for — >75
t t
> 1 4p2 (56.000) as agreed
2  The pipe-end includes a length of 100 mm (4.0 in) at each of the pipe extremities.
b Fpr,SMLS pipe, the tolerances apply for ¢ < 25,0 mm (0.984 in), and the tolerances for thicker pipe shall be as agreed.
¢ Forexpanded pipe with D = Z19,T mm (8.625 in) and for non-expanded pipe, the diameter tolerance and the out-of-roundness
tolerance may be determined using the calculated inside diameter (the specified outside diameter minus two times the specified wall
thickness) or measured inside diameter rather than the specified outside diameter (see 10.2.8.3).
d  For determining compliance to diameter tolerances, the pipe diameter is defined as the circumference of the pipe in any
circumferential plane divided by Pi.
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9.11.3.2 The tolerances for wall thickness shall be as given in Table 11.

Table 11 — Tolerances for wall thickness

Wall thickness Tolerances @
t
mm (in) mm (in)
SMLS pipe P
+ 0,6 (0.024)
< 4.0(0-157)

-0,5(0.020)

+ 0,150 ¢

> 4,0 (0.157) to < 25,0 (0.984)
-0,125¢

25,0 (0.984) + 3,7 (0.146) or + 0,1 ¢, whichevenis.the greater]
> 25,0 (0.
- 3,0 (0.120) or — 0,1 ¢, whichever is the greater]

Welded pipe ¢d

<5,0(0.197) +0,5(0.020)
>5,0(0.197) to < 15,0 (0.591) +0,1¢
> 15,0 (0.591) ¥'1,5 (0.060)
a  If the purcjase order specifies a minus tolerance for wall thickness smaller than theapplicable value given in this table, tHe plus
tolerance for will thickness shall be increased by an amount sufficient to maintain the applicable tolerance range.
b For pipe wjth D > 355,6 mm (14.000 in) and ¢ > 25,0 mm (0.984 in), the \Wall‘thickness tolerance locally may exceed thle plus
tolerance for wgll thickness by an additional 0,05 ¢, provided that the plus tolerance for mass (see 9.14) is not exceeded.
¢ The plus tdlerance for wall thickness does not apply to the weld ared,
d  See 9.13.2|for additional restrictions.
9.11.3.3 The|tolerances for length shall be as follows.
a) Unless ojherwise agreed, random lengths shall be delivered within the tolerances given in Table 12.
b) Approximate lengths shall be delivered within a tolerance of £ 500 mm (20 in).
c) Ifthe supply of jointers is agreed, jointers comprising two pieces welded together to make a length shorter
than 15,J m (49.2 ft) may-be/furnished to a maximum of 5 % of the order item, or as agreed.
d) If the supply of jointets-is agreed, jointers comprising two pieces welded together to make a length 15,0 m
(49.2 ft) gr longermay be furnished for the entire order item or any portion thereof.
e) If the supply/fyjointers is agreed, jointers comprising three pieces welded together to make a length 15,0
m (49.2 f})‘enlonger may be furnished to a maximum of 5 % of the order item, or as agreed.
40 © 1S0 2012 — All rights reserved
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for random length pipe
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Randf)m Ie_ngth Minimum length Minimum average_length Maximum length
designation for each order item
m (ft) m (ft) m (ft) m (ft)
Threaded-and-coupled pipe
6 (20) 4,88 (16.0) 5,33 (17.5) 6,86 (22.5)
9 (30) 411 (13.5) 8,00 (26.2) 10,29 (33.8)
12 (40) 6,71 (22.0) 10,67 (35.0) 13,72 (45.0)
Plain-end pipe

6 (20) 2,74 (9.0) 5,33 (17.5) 6,86 (22.5)
9 (30) 411 (13.5) 8,00 (26.2) 10,29|(33.8)
12 (40) 4,27 (14.0) 10,67 (35.0) 13,72|(45.0)
15 (50) 5,33 (17.5) 13,35 (43.8) 16,76((55.0)
18 (60) 6,40 (21.0) 16,00 (52.5) 19,81|(65.0)
24 (80) 8,53 (28.0) 21,34 (70.0) 25,91((85.0)

9.11.3.4 The tolerances for straightness shall be as follows.

a) The total deviation from a straight line, over the entire pipeiength, shall be < 0,2 % of the gipe length, as

[72]

nown in Figure 1.

b) Thelocal deviation from a straightline inthe 1,0 m (3.0'ft) portion at each pipe end shall be <4,0lmm (0.156 in),

ap shown in Figure 2.

0,002 L

1 2

Key
1 taIt string or wite

2 pipe

Figure 1 — Measuring full-length straightness
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Dimensions in millimetres (inches)

1)
<
= >1 200 (48)
W
|
2
1000 (36)
Key
1 straight ling
2 pipe

Figure 2 — Measuring end straightness

9.12 Finish|of pipe ends
9.12.1 Genernal

9.12.1.1 Gragle L175P or A25P PSL 1 pipe shall be furnishedwith threaded ends; other grades of PSL 1
pipe shall be [furnished with plain ends, unless another acceptable end finish (see Table 2) is specified|in the
purchase ordgr.

9.12.1.2 PSU 2 pipe shall be furnished with plain ends!
9.12.1.3 Pipeg ends shall be free from burrs.

9.12.1.4 The|out-of-squareness, measured as shown in Figure 3, shall be < 1,6 mm (0.063 in).

N

N4

o

Key
1 out-of-squareness

Figure 3 — Out-of-squareness

9.12.2 Threaded ends (PSL 1 only)

9.12.2.1 Threaded ends shall conform to the threading, thread inspection and gauging requirements of APl Spec 5B.
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9.12.2.2 Oneend of eachlength of threaded pipe shall be provided with a coupling conforming to the requirements
of Annex F and the other end shall be provided with thread protection conforming to the requirements of 12.2.

9.12.2.3 Couplings shall be screwed onto the pipe handling-tight or, if agreed, power-tight.

NOTE Handling-tight means sufficiently tight that the coupling cannot be removed without using a wrench. The
purpose of making up couplings handling-tight is to facilitate removal of the couplings for cleaning and inspecting threads
and applying fresh thread compound before laying the pipe. This procedure has been found necessary to prevent thread
leakage, especially in gas pipelines, because manufacturer-applied couplings that are made up power-tight, although leak
proof at the time of make-up, might not always remain so after transportation, handling and laying.

€expos
othery
used,

9.12.3

9.12.3
dimen

9.12.3

9.12.4

9.12.4
the cd

9.12.4
200 m

9.12.5

9.12.5

9.12.5

RP 5A3 shall be
ed threads shall be coated with this thread compound or a storage compound of distinct

Vise agreed, the choice of thread compound is at the option of the manufacturer. \Whicheve
it shall be applied to a surface that is clean and reasonably free of moisture and)cutting flui

Belled ends (PSL 1 only)

.1 Belled-end pipe shall be furnished with one end belled in accordance with the con
sions specified in the purchase order.

.2 Belled ends shall be visually inspected for conformance with 9.10.
Ends prepared for special couplings (PSL 1 only)

.1 Where applicable, pipe shall be furnished with both ends prepared for use with special g
nfiguration and dimensions as specified in the purchase order.

.2 The pipe shall be sufficiently free.frem indentations, projections and roll marks for a dista
m (8.0 in) from each pipe end in ordér to permit proper make-up of the couplings.

Plain ends

.1 Unless otherwise-agreed, the end faces of plain-end pipe with ¢ < 3,2 mm (0.125 in) shall

applied to cover the full surface of either the coupling or the pipe engagg

in ISO 13678
d threads. All
tolour. Unless
compound is
ds.

iguration and

ouplings, with

nce of at least

be square cut.

.2 Unless othérwise agreed, the end faces of plain-end pipe with ¢ > 3,2 mm (0.125 in) shall be bevelled

for wellding. Except as allowed by 9.12.5.3, the angle of the bevel, measured from a line drawn pdrpendicular to
the ajis of the\pipe, shall be 30° with a tolerance of +gz, and the width of the root face of the bevel shall be

1,6 m

M (0,063 in), with a tolerance of £ 0,8 mm (0.031 in).

9.12.5.3 If agreed, other bevel preparations may be furnished, for example on the basis of ISO 6761 [l

9.12.5.4 Where internal machining or grinding is carried out in SMLS pipe, the angle of the internal taper,
measured from the longitudinal axis, shall not exceed the applicable value given in Table 13.

9.12.5.5 For the removal of an internal burr on welded pipe D > 114,3 mm (4.500 in), the internal taper as
measured from the longitudinal axis, shall be no greater than 7,0°.
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9.13 Tolera

9.13.1 Radia

For EW and L
wall thicknesg

For SAW and

applicable] sh

Key
1 remaining

Key

1 outside rad
2 heightofo
3 height of in

Table 13 — Maximum angle of internal taper for SMLS pipe

Specified wall thickness Maximum angle of taper
t
mm (in) degrees
< 10,5 (0.413) 7,0
10,5 (0.413) to < 14,0 (0.551) 9,5
14,0 (0.551) to < 17,0 (0.669) 11,0
> 17,0 (0.669) 14,0

nces for the weld seam

offset of strip/plate edges

W pipes, the radial offset of the strip/plate edges [see Figure 4 a)] shall not cause the rempaining
at the weld to be less than the minimum permissible wall thickness.

COW pipes, the radial offset of the strip/plate edges [see Figure 4 by or Figure 4 c), whichgver is
all not exceed the applicable value given in Table 14.

T

vall thickness at the weld

a) Radial offset of strip/plate.edges of EW and LW pipes

2y

N

ial offset
Itside Weld bead
side, weld bead

. <

q—

4 inside radialrofiset

44

b) Radial offset of strip/plate edges and height of weld beads of SAW pipe

Figure 4 — Dimensional deviations of the weld seam (continued overleaf)
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(ap)
Key
1 outside radial offset
2 height of outside weld bead
3 hgight of inside weld bead
4 ingide radial offset

c) Radial offset of strip/plate edges and height of weld beads of COW pipe
My

1 misalignment distance, which is the distance between.two lines through points M1 and M2 but perpendicular
to the tangent of the pipe surface

M1, M3 midpoints of two parallel lines across the weld bead that are parallel to the tangent of the pipe surface and
cross the intersections of the internal and external weld bead fusion lines

d) Misalignment of weld beads of SAW pipe

Key
1 misalignment

e) Misalignment of weld beads of COW pipe

Figure 4 — Dimensional deviations of the weld seam
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Table 14 — Maximum permissible radial offset for SAW and COW pipes

Specified wall thickness Maximum permissible radial offset @
t
mm (in) mm (in)
< 15,0 (0.590) 1,5 (0.060)
> 15,0 (0.590) to 25,0 (0.984) 011¢
> 25,0 (0.984) 2,5 (0.098)
2@  These limits apply also to strip/plate end welds.

9.13.2 Height of the flash or weld bead/reinforcement

9.13.2.1 For EW and LW pipes, the following shall apply.

a) The outs|de flash shall be trimmed to an essentially flush condition.

b) The inside flash shall not extend above the contour of the pipe by more than 4,5.mm (0.060 in).

c) The wall thickness at the trim shall not be less than the minimum permissible wall thickness.

d) The depth of groove resulting from trimming the internal flash shall not exceed the applicable|value
given in Table 15.

Table 15 — Maximum permissible depth of groove for EW and LW pipes
Specified wall thickness Maximum permissible depth of groove 2
t
mm (in) mm (in)
<4,0 (0.156) 0,10 ¢
> 4,0 (0.156) to 8,0 (0.312) 0,40 (0.016)
> 8,0 (0.312) 0,05 ¢
8  The depth of groove is the difference between the wall thickness approximately 25 mm (1 in)
from the weld line and the/minimum wall thickness at the trim.

9.13.2.2 For [SAW and COW\.pipes, the following shall apply.

a) Except af undercuts) the crown surfaces of the as-deposited inside and outside weld beads shall pot be
below th¢ adjacent pipe surface.

b) Weld begds shall blend in smoothly with the adjacent pipe surface.

c) For a distance of at least 100 mm (4.0 in) from each pipe end, the inside weld bead shall be removed by
grinding such that it does not extend above the adjacent pipe surface by more than 0,5 mm (0.020 in). For
the remainder of the pipe, the inside weld bead shall not extend above the adjacent pipe surface by more
than the applicable value given in Table 16.

d) The outside weld bead shall not extend above the adjacent pipe surface by more than the applicable value
given in Table 16.

e) |If agreed, for a distance of at least 150 mm (6.0 in) from each pipe end, the outside weld bead shall
be removed by grinding such that it does not extend above the adjacent pipe surface by more than
0,5 mm (0.020 in).
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Table 16 — Maximum permissible weld bead height for SAW and COW pipes (except at pipe ends)

Specified wall thickness

Weld bead height 2

mm (in)
' ) maximum
mm (in) Internal bead External bead
<13,0 (0.512) 3,5(0.138) 3,5(0.138)
> 13,0 (0.512) 3,5(0.138) 4,5 (0.177)

a2 At the option of the manufacturer, weld beads higher than permitted may be ground to acceptable heights.

9.13.3

Misali
cause
fusion

Misalignment of the weld beads of SAW and COW pipes

gnment of the weld beads of SAW pipe [see Figure 4 d)] and COW pipe [see-Figure 4 e
for rejection if it is within the limits which follow and provided that completeipenetration
have been achieved, as indicated by non-destructive inspection. The maximum misalig

] shall not be
and complete
jnment of the

weld eads shall not exceed 3 mm (0.1 in) for pipe with specified wall thickness ¢ < 20 mm (0.8 in) or 4 mm
(0.16 in) for pipe with specified wall thickness > 20 mm (0.8 in).

9.14 [Tolerances for mass

9.14.1 Except as allowed by 9.14.2, the mass of each individual pipe shall not deviate from its pominal mass,
as defermined by multiplying its length by its mass per unit length (see 9.11.2), by more than the[following:

a) fof special light size pipe (see Table 9): +10,0 %
-50% .

b) fof pipe in Grade L175, L175P, A25 and A25P: +10,0 %
-50% .

c) for all other pipes: +10,0 %
-3,5%

9.14.2 If the purchase order specifies a minus tolerance for wall thickness smaller than the applicable value
given |in Table 11, theplus tolerance for mass shall be increased by a percentage equivalent to the applicable
perceptage reductigh._of the minus tolerance for wall thickness.

9.14.3 For each’order item with a mass of 18 tonnes (20 ton) or more, the mass of the order fitem shall not
deviate fromyits nominal mass, determined by multiplying the total length of pipe in the order item by its mass
per unitdength (see 9.11.2), by more than the following:

a) for Grades L175, L175P, A25 and A25P: - 3,5 %;

b) for all other grades:— 1,75 %.

9.15 Weldability of PSL 2 pipe

If agreed, the manufacturer shall supply weldability data for the type of steel concerned or perform weldability
tests, for which the details for carrying out the tests and the acceptance criteria shall be as specified in the
purchase order.

The requirements for the chemical composition of the steels and, in particular, the limiting values of CEpcm
and CEjw (see Table 5, Table H.1, Table J.1 or Table M.1, whichever is applicable) have been selected to
facilitate weldability; however, account should be taken of the fact that the behaviour of the steel during and
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after welding is dependent not only upon the steel composition, but also upon the welding consumables used
and the conditions of preparing for, and carrying out, welding.

10 Inspect

10.1 Types

ion

of inspection and inspection documents

10.1.1 General

10.1.1.1 Co

plinnr‘p with the rpqnirnmnnfe of the pnrr‘hncn arder shall be checked hy anpr‘ifir‘ incppr‘

ion in

accordance w

NOTE 1 In
NOTE2 Fo
NOTE3 Th

with, the term °

10.1.1.2 Insp
conforms to a

10.1.2 Inspe

10.1.2.1 If ag
Inspection Ce

ith ISO 10474.
SO 10474, “specific inspection” is referred to as “specific inspection and testing”.
the purpose of this provision, EN 10204 is equivalent to ISO 10474.

e term “Inspection Documents” as used in section 10.1.2 and 10.1.3 is equivalentto, and interchan
Material Test Reports”.

ection documents shall be in printed form or in electronic forn as an EDI transmissio)
ny EDI agreement between the purchaser and the manufacturér,

Ction documents for PSL 1 pipe

reed, an Inspection Certificate 3.1.A, 3.1.B or 3.1.€ in accordance with ISO 10474:1991
rtificate 3.1 or 3.2 in accordance with EN 102042004 shall be issued.

10.1.2.2 If sdipply of an inspection document is agreed, the following information, as applicable, sh

provided for €

ach order item:

outside diameter, specified wall thickness, PSL, type of pipe, pipe grade and the delivery con
composition (heat and progduct),

St results and the type,size, location and orientation of the test pieces,

minimum hydrostatic-test pressure and specified test duration,

d pipe, the method of non-destructive weld inspection (radiological, ultrasonic or electromag
| the type and- size of reference indicator or image quality indicator used,

pipe,the'method of non-destructive inspection (ultrasonic, electromagnetic or magnetic pa
| thé.type and size of the reference indicator used,

peable

n that

or an

all be

dition,

jnetic)

rticle)

d LVV pipes, the minimum temperature 1or heat treatment of the weld seam or NO neatirea

if no heat treatment was performed,

a) specified
b) chemical
c) tensile te
d) specified
e) forwelde
used; an
f)  for SMLS
used; an
g forEWa
h)
i)

results of any supplementary testing specified in the purchase order,

the requirements of Annexes A, F and/or |, as applicable, and

)

name and location of facilities used for pipe manufacturing, plate/coil rolling and steelmaking.

10.1.3 Inspection documents for PSL 2 pipe

ment”

for pipe with welded jointer, coupled and/or Through the Flowline pipe, certification that the product meets

10.1.3.1 The manufacturer shall issue an Inspection Certificate 3.1.B in accordance with ISO 10474:1991 or
an Inspection Certificate 3.1 in accordance with EN 10204:2004. Alternatively, if specified in the purchase order,
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an Inspection Certificate 3.1.A or 3.1.C in accordance with ISO 10474:1991 or an Inspection Certificate 3.2 in
accordance with EN 10204:2004 shall be issued.

10.1

a)

e)
f)
g)

h) fqr SMLS pipe, the method of non-destructive inspection (ultrasonic, eglectromagnetic or mag

i) for HFW pipe, the minimum temperature for heat treatment of\the weld seam,

.3.2 The following information, as applicable, shall be provided for each order item:

specified outside diameter, specified wall thickness, pipe grade, PSL, type of pipe and the delivery condition,

chemical composition (heat and product) and carbon equivalent (product analysis and acceptance criterion),

tensile test results and the type, size, location and orientation of the test pieces,

CVN impact test results; the size, orientation and location of the test pieces; the test temper

ature; and the

afpceptance criteria for the specific test piece sizes used,

—h

qr welded pipe, DWT test results (individual and average test results for each test),

n

becified minimum hydrostatic test pressure and specified test duration,

—h
P

r welded pipe, the method of non-destructive weld inspection (radiological,.ultrasonic or ele
uged; and the type and size of reference indicator or image quality indicatorused,

uped; and the type and size of the reference indicator used,

ctromagnetic)

netic particle)

j)  fqr pipe with welded jointer and/or Through the Flowline. ' pipe, certification that the prodlict meets the

k) npme and location of facilities used for pipe manufacturing, plate/coil rolling and steelmakin

=
=

10.2

10.2.1 Inspection frequency
10.2.4.1 For PSL 1 pipe, the-inspection frequency shall be as given in Table 17.

10.2.14.2 For PSL 2 pipe;jithe inspection frequency shall be as given in Table 18.

© 18O

—

g¢quirements of Annex A and/or Annex |, as applicable,

gsults of any supplementary testing specified in the purchase order.

Specific inspection

g; and

2012 — All rights reserved
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Table 17 — Inspection frequency for PSL 1 pipe

No Type of inspection Type of pipe Frequency of inspection®
1 Heat analysis All pipe One analysis per heat of steel
. SMLS, CW, LFW, HFW, LW, SAW, Two analyses per heat of steel (taken from
2 Product analysis

or COW

separate product items)

Tensile testing of the pipe body
3 of welded pipe with D < 48,3 mm
(1.900 in), in Grade L175 or A25

CW, LFW or HFW

Tensile testing of the pipe body
4 of welded pipe with D <48,3 mm

Cw

Once per test unit © of not more than
25 tonnes (28 tons) of pipe

(1.90Qin), in Grade L175P or A25P

Tensilg testing of the pipe body
5 of welfled pipe with D > 48,3 mm
(1.90Qin), in Grade L175 or A25

CW, LFW or HFW

Tensilg testing of the pipe body

Once per test unit of not more-than
50 tonnes (55 tons) of pipe

6 of welfled pipe with D > 48,3 mm CwW
(1.90Qin), in Grade L175P or A25P
7 Tensilg testing of the pipe body of SMLS

seamless pipe

Gradg L175 or A25

Tensilg testing of the pipe body of
8 weldefl pipe in grades higher than

LFW, HFW, LW, SAW, or COW

Once per test unit of pipe with the sam
cold-eXpansion ratio 2

with Jf>219,1 mm (8.625 in)

Tensilg testing of the longitudinal or
9 helica| seam weld of welded pipe

LFW, HFW, LW, SAW, or COW

Once per test unit of pipe with the sam
cold-expansion ratio &b,

Tensilg testing of the coil/plate
10 end wgld of welded pipe with
D >219,1 mm (8.625 in)

SAWH or COWH

At least once per 50 coil/plate end wel
from pipe with the same cold-expansid
ratio .¢.d

=}

Bend festing of the longitudinal
seam weld of welded pipe

" with < 48,3 mm (1.900 in), in

Gradg L175, L175P, A25 or A25P

CW, LFW, or HEW

Once per test unit of not more than
25 tonnes (28 tons) of pipe

Bend festing of the longitudinal
seam weld of welded pipe with

12 48,3 mm (1.900 in) < D < 60,3 mm

(2.379in), in Grade L175, L175P,
A25 of A25P

CWHNLFW, or HFW

Once per test unit of not more than
50 tonnes (55 tons) of pipe

Guide[-bend testing of the

Once per test unit of not more than

13 longit dlnal or helical-seamyweld’of | SAW, or COW 50 lengths of pipe of the same grade
weldefl pipe
ol . . At least once per 50 coil/plate end welfls
14 Guidep-bend testingrafthe coil/plate SAWH or COWH from pipe with the same cold expansion

end wgld of welded pipe

ratio a.c.d

Guide[-bend testing of the

15 longitydinahseam weld of welded
pipe V\Iith D> 323,9 mm (12.750 in)

LW

Once per test unit of not more than
50 lengths of pipe of the same grade

16 Flattening test of welded pipe

CW, LFW, HFW or LW

As shown in Figure 6

v cold-formed welded pipe

Hardness testing of hard spots in

LFW, HFW, LW, SAW, or COW

Any hard spot exceeding 50 mm (2.0 in) in

any direction

18 Hydrostatic testing

SMLS, CW, LFW, HFW, LW, SAW,

or COW

Each pipe

a

b

[

d

e

The cold-expansion ratio (if applicable) is designated by the manufacturer, and is derived using the designated before-expansion outside diameter
or circumference and the after-expansion outside diameter or circumference. An increase or decrease in the cold-expansion ratio of more than 0,002
requires the creation of a new test unit.

For double-seam pipe, both longitudinal weld seams in the pipe selected to represent the test unit shall be tested.

Pipe produced by each welding machine shall be tested at least once per week.

Applies only to finished helical-seam pipe containing coil/plate end welds.

“Test unit” is as defined in 4.62.
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No Type of inspection Type of pipe Frequency of inspection®
At least once per operating shift plus
. . whenever any change of pipe size occurs
Macrogr_aphlc test_lng of the during the operating shift; or, if 10.2.5.2
19 longitudinal or helical-seam weld of | SAW, or COW . S .
welded pipe applies, at the beginning of the production
of each combination of specified outside
diameter and specified wall thickness
At least once per operating shift plus
. . whenever changes of grade, specified
Metgllographlc testing of the LFW or HFW excluding full body outside diameter or specified wall thickness
20 longitudinal seam weld of welded ; . . S
. normalized pipe are made; plus whenever significant
i excursions from operating-hdat treatment
conditions are encountered
21 Visual inspection Z!\ACI:'SWCW‘ LFW, HEW, LW, SAW, Each pipe, except as jallowed by 10.2.7.2
. ' SMLS, CW, LFW, HFW, LW, SAW, At least onceppér#4 h per o.pe‘at'lng shift plus
22 Pipe diameter and out-of-roundness or COW whenever any change of pipg size occurs
during the,operating shift
23 Wall thickness measurement All pipes Each-pipe (see 10.2.8.5)
o4 Other dimensional testin SMLS, CW, LFW, HFW, LW, SAW, Random testing, with the detils left to
9 or COW the discretion of the manufagturer
A . . Each pipe or each convenient group of
Weighing of pipe with SMLS, CW, LFW, HFW, LW, SAW, ) . . . . .
25 D < 141,3 mm (5.563 in) or COW pipes, with the choice being at the discretion
of the manufacturer
Weighing of pipe with SMLS, CW, LFW, HFW, LW, SAW, .
261 | p>141,3 mm (5.563 in) or COW Each pipe
Each length of pipe shall be easured,
except that pipe made in lengths that are
27 Lenath SMLS, CW, LFW, HFW, LW, SAW, uniform within 30 mm (0.1 ft) heed not
9 or COW be individually measured, prqvided the
accuracy of the length is verified at least
once per 4 hours per operating shift.
28 Non-destructive inspection SNILS, CW, LFW, HFW, LW, SAW, In accordance with Annex E
or COW
a The cold-expansion ratio (if applicable) is designated by the manufacturer, and is derived using the designated before-expansion outside diameter
or circymference and the after-expansion outside' diameter or circumference. An increase or decrease in the cold-expansion ratio of more than 0,002
requirgs the creation of a new test unit.
b Fpr double-seam pipe, both longditudinal weld seams in the pipe selected to represent the test unit shall be tested.
¢ P|pe produced by each weldin@umachine shall be tested at least once per week.
d  Applies only to finishedelieal-seam pipe containing coil/plate end welds.
e “Yest unit” is as defingd+in 4.62.

© 18O
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Table 18 — Inspection frequency for PSL 2 pipe

No Type of inspection Type of pipe Frequency of inspection®
1 Heat analysis All pipe One analysis per heat of steel
2 Product analysis SMLS, HFW, SAW, or COW Two analyses per'heat of steel (taken from
separate product items)
Tensile testing of the pipe body Once per test unit of not more than
3 D < 141,3 mm (5.563 in) SMLS, HFW, SAW, or COW faot?oglpes with the same cold-expansion
Tensile testing of the pipe body Once per test unit of not more than
4 D <141,3 mm (5.563 in) and SMLS, HFW, SAW, or COW 200 pipes with the same cold-expansion
<3239 mm (12.750 in) ratio?
Tensilp testing of the pipe body Once per test unit of not more than
5 D > 333.9 mm (12.750 in) SMLS, HFW, SAW, or COW :e(l)t?oglpes with the same coldsexpansign
;-eri]s: ast:::'lnn\?veolf dﬂ;? J‘?er:gggd;?:el or Once per test unit of notumore than
6 with 72 2191 mm (8.625 in) and HFW, SAW, or COW ?a(i?oﬁ;?sg with the same cold-expansion
<3239 mm (12.750 in)
Tensilg testing of the longitudinal or Once per tést unit of not more than 100
7 helica] seam weld of welded pipe HFW, SAW, or COW pipes withithe same cold-expansion
with > 323,9 mm (12.750 in) ratioa e
Tensilg testing of the coil/plate . . .
8 | end whld of welded pipe with D> | SAWH or COWH g}g?ef(e;;essigr‘ﬂgt‘i’;ap'pe with the same
219,1 [nm (8.625 in) P
CVN ifmpact testing of the pipe
9 bgdy f pipe with sP.eC|f|ed outside SMLS, HFW, SAW, or COW, Once per tegt unit gf pipe with the same
diame}er and specified wall cold-expansion ratio?
thicknpss as given in Table 22
If agrded, CVN impact testing of the
longitydinal seam weld of welded Once per test unit of pipe with the samle
10 pipe With specified outside diameter | HFW P . : pbp
. . cold-expansion ratio?
and specified wall thickness as
given |n Table 22
CVN ifnpact testing of the
longitydinal or helical seam weld Once per test unit of pipe with the same
11 | of welfled pipe with specified SAW, or COW per tes ol PP
) ) o cold-expansion ratio?:°.¢
outside diameter and specified wall
thicknpss as given in Table 22
CVN ifnpact testing of the coill
plate ¢nd weld of welded pipewith At least once per 50 coil/plate end welfls
12 specifled outside diametéer and SAWH or COWH from pipe with the same cold-expansign
specifled wall thickness/as given in ratio®0.d
Table p2
If agrded, DWT.testing of the . . .
13 | pipe bpdy of welded pipe with HFW, SAW, or COW (?Onlgfe‘)’(e;;essigﬁ”rgt?;ap'pe with the same
D > 548 M. (20.000 in) P
Guided=hend testing af the Qnce per test unit of nat more than
14 longitudinal or helical seam weld of SAW, or COW 50 lengths of pipe with the same cold-
welded pipe expansion ratio?
. . . At least once per 50 coil/plate end welds
15 Guided-bend testing 9f the coil/plate SAWH or COWH from pipe with the same cold-expansion
end weld of welded pipe ratiod.b.d
16 Flattening test of welded pipe HFW As shown in Figure 6

a

b

Cc

d

e

The cold-expansion ratio (if applicable) is designated by the manufacturer, and is derived using the designated before-expansion outside diameter
or circumference and the after-expansion outside diameter or circumference. An increase or decrease in the cold-expansion ratio of more than 0,002
requires the creation of a new test unit.

Pipe produced by each welding machine shall be tested at least once per week.

For double-seam pipe, both longitudinal weld seams in the pipe selected to represent the test unit shall be tested.

Applies only to finished helical seam pipe containing coil/plate end welds.

“Test unit” is as defined in 4.62.
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No Type of inspection Type of pipe Frequency of inspection®
17 Hardness testing of hgrd spots in HEW, SAW, or COW Any h_ard _spot exceeding 50 mm (2.0 in) in
cold-formed welded pipe any direction
18 Hydrostatic testing SMLS, HFW, SAW, or COW Each pipe
At least once per operating shift plus
whenever any change of pipe size occurs
Macrographic testing of the during the operating shift; or, if 10.2.5.3
19 longitudinal or helical seam weld of SAW, or COW or 10.2.5.4 applies, at the beginning of
welded pipe the production of each combination of
specified outside diameter and specified
At least once per operating shift plus
Metallographic testing (or whenever changes of(grade, [specified
20 optional hardness test in lieu of HFW excluding full body normalized | outside diameter or,'specified|wall thickness
metallography) of the longitudinal pipe are made; plus whenever sigpificant
seam weld of welded pipe excursions from.operating hdat treatment
conditions @re encountered
21 Visual inspection SMLS, HFW, SAW, or COW Each pipe) except as allowed by 10.2.7.2
At least'once per 4 h per opefating shift plus
22 Pipe diameter and out-of-roundness | SMLS, HFW, SAW, or COW whenever any change of pipg size occurs
during the operating shift
23 Wall thickness measurement All pipes Each pipe (see 10.2.8.5)
24 | | Other dimensional testing SMLS, HFW, SAW, or COW. Random testing, with the detgils left to the
discretion of the manufacturdr
o . . Each pipe or each convenient group of
25 Weighing of pipe W'th. SMLS, HFW, SAW,0r COW pipes, with the choice being at the discretion
D <141,3 mm (5.563 in)
of the manufacturer
Weighing of pipe with D > .
26 141,3 mm (5.563 in) SMLS, HFW\SAW, or COW Each pipe
Each length of pipe shall be easured,
except that pipe made in lengths that are
27 | | Length SMLS, HFW, SAW, or COW uniform within 30 mm (0.1 t) need not
be individually measured, prgvided the
accuracy of the length is verified at least
once per 4 hours per operating shift.
28 Non-destructive inspection SMLS, HFW, SAW, or COW In accordance with Annex E
a The cold-expansion ratio (if applicable) is designated by the manufacturer, and is derived using the designated before-expansion outside diameter
or circymference and the after-expansion outside diameter or circumference. An increase or decrease in the cold-expansion ratio of more than 0,002
requirgs the creation of a new testunit.
b P|pe produced by eachWelding machine shall be tested at least once per week.
¢ Fpr double-seam pipég, both longitudinal weld seams in the pipe selected to represent the test unit shall be tested.
d Applies only tafinished helical seam pipe containing coil/plate end welds.
€ “Yest unit’ is\as'defined in 4.62.

10.2.2 Samples and test pieces for product analysis

Samples shall be taken, and test pieces prepared, in accordance with ISO 14284 or ASTM E1806. Such
samples shall be taken from the pipe, plate or coil.

10.2.3 Samples and test pieces for mechanical tests

10.2.3.1 General

For tensile tests, CVN impact tests, DWT tests, bend tests, guided-bend tests and flattening tests, the samples
shall be taken, and the corresponding test pieces prepared, in accordance with the applicable reference standard.

© 1SO 2012 — All rights reserved
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Samples and test pieces for the various test types shall be taken from locations as shown in Figure

5 and

Figure 6 and as given in Table 19 or Table 20, whichever is applicable, taking into account the supplementary

details in 10.2.3.2 t0 10.2.3.7 and in 10.2.4.

For any of the mechanical tests specified in Clause 9, any test piece that shows defective preparat

ion or

material imperfections unrelated to the intent of the particular mechanical test, whether observed before or

after testing, may be discarded and replaced by another test piece from the same length of pipe.

10.2.3.2 Test pieces for the tensile test

Rectangular test pieces, representlng the fuII waII thlckness of the pipe, shaII be taken in accordance with

ISO 6892-1 g
length shall b

Flattening of fest pieces shall be carried out according to documented procedures.

For transversg tensile tests using round cross-section test pieces, the diameéter of such test pieces sh
as given in Tgble 21, except that the next larger diameter may be used:at the option of the manufacturs
longitudinal tepsile tests of pipe with 7> 19,0 mm (0.748 in), such test pieces'shall be 12,7 mm (0.500 in) in dia

For testing pime with D < 219,1 mm (8.625 in), full-section longitudinal test pieces may be used at the op
the manufactirer.

If agreed, ring expansion test pieces may be used for the determination of transverse yield strength.

Weld beads may be ground flush and local imperfegtions may be removed.

Key
1 L — longitydinaksample

plate

ign and

hgular

all be
er. For
meter.

tion of

2 T — transvierse sample

a) SMLS pipe

Figure 5 — Sample and test piece orientations and locations (continued overleafr)
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Key

1 W|— transverse weld sample, centred on the weld

2 T180 — transverse sample, centred = 180° from the longitudinal weld
3 T90 — transverse sample, centred ~ 90° from the longitudinal weld

4 L90 — longitudinal sample, centred ~ 90° from the longitudinal weld

b) CW, LFW, HFW, LW, SAWL and COWL pipes

Key

1 W|— transverse weld sample, centred on the helical seam weld

2 L1 longitudinal sample, centred-atieast a/4 in the longitudinal direction from the helical seam weld

3 T 1 transverse sample, centréd at least a/4 in the longitudinal direction from the helical seam weld

4 cojl/plate end weld, with length’a

5 WP — transverse weld 'sample, centred at least a/4 from the junctions of the helical seam weld and the|coil/plate end

weld

c) SAWH and COWH pipes

Figure 5 — Sample and test piece orientations and locations
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‘ . O < O ¢ O T D

°y 2 ) 2
r r
[N
89 8 8 4.9

Key
1 welding 4  weld stop
2  coilend 5 two test pieces, one from each-side of the weld stop

3  two test pipces from each coil end

a) EW pipe in grades > L245 or B and LW with D < 323,9 mm (12.750 in) — Non-expanded,
produced in multiple lengths

/ - L. C @)
P 2

Key
1 welding
2 two test pigces, one fromreach pipe end

b) EW pipe in grades > L245 or B — Non-expanded, produced in single lengths

Figure 6 — Flattening tests (continued overleaf)
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2= ( S

1 2

Key
1 test unit of < 50 tonnes (55 tons) of pipe
2 one test piece, from one pipe end

c) CW pipe or EW pipe in grades L175, L175P, A 25 or A 25P with D > 73,0 mm (2.875 in)

2
W C ()—>§2

1 2

Key
1 test unit of < 100 lengths of pipe
2 one test piece, from one pipe end

d) EW pipe in grades > L245 or B and LW pipe with D <:323,9 mm (12.750 in) — Cold expanded

Figure 6 — Flattening tests
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Table 19 — Number, orientation and location of test pieces per sample

for mechanical tests for PSL 1 pipe

Number, orientation and location of test pieces per sample @

Specified outside diameter

Type of pipe |§i':t?tl)?l Type of test b
mm (in)
219,1 (8.625) to 323,9 (12.750) to
<2191(8625) | _3539(12750) | <508 (20.000) | > °08(20.000)

SMLS, not
cold-expanded Pipe body Tensile 1LP 1L 1L 1L
[see Figure 5 a
SMLS, cold-
expanded Pipe body Tensile 1Lb 1mTe 1mTe 1mTe
[see Figure 5 a

Pipe body Tensile 1L90°P — — —
cw \IIDVZ)IZ body and Bend 1e _ - _
[see Figure 5b

Pipe body and Flattening as shown in Figure 6

weld

Pipe body Tensile 1L90b 1T180°¢ 1T180°¢ 1T180[°
LW Seam weld Tensile — 1w 1w 1w
[see Figure 5 b Seam weld Guided-bend — — 2W 2W

Pipe body and Flattening as shown in Figure 6

weld

Pipe body Tensile 1L90b 1T180°¢ 1T180°¢ 1T180[¢

Seam weld Tensile — 1w 1w 1w
LFW or HFW Pipe body and
[see Figure 5 b weld Y Bend 18 - - -

Pipe body and Flattening as shown in Figure 6

weld

Pipe body Tensile 1L90b 1T180°¢ 1T180°¢ 1T180[°
SAWL or COWE - I'go i weld | Tensile — 1w W 1w d
[see Figure 5b

Seam weld Guided=bend 2W 2W 2W 2wd

Pipe body Tensile 1Lb 1Te 1Te 1Te

Seam weld Tensile — 1w 1w 1w
SAWH or COWH -
[see Figure 5 ¢ Seam weld Guided-bend 2W 2W 2W 2W

\fvcé'l'gp'ate end | Gided-bend 2WS 2WS 2WS 2WS
a See Figure % for an éxptanation of the symbols used to designate orientation and location of samples and test pieces.
b Full-section Jofgitudinal test pieces may be used at the option of the manufacturer.

ASTM A370.

e Testing limited to pipes of D < 60,3 mm (2.375 in).

d For double-seam pipe, both longitudinal weld seams in the pipe selected to represent the test unit shall be tested.

¢ If agreed, annular test pieces may be used for the determination of transverse yield strength by the hydraulic ring expansion test in accordance with
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Table 20 — Number, orientation and location of test pieces per sample

for mechanical tests for PSL 2 pipe
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Number, orientation and location of test pieces per sample @
Specified outside diameter
Sample b
Type of pipe location Type of test mm (in)
219,1 (8.625)
<219,1 (8.625) to 333538(1(307(5)8)0;0 > 508 (20.000)
< 323,9 (12.750) ’
SMLS, not Tensile 1Lb 1Lcd 1Lcd 1L cd
cold-gxpanded Pipe body
[see Figure 5 a)] CVN 3T 3T 3T 3T
SMLS] cold- Tensile 1Lb 1Td 1Td 1Td
expanded Pipe body
[see Figure 5 a)] CVN 3T 3T 3T 3T
Tensile 1L90°P 1T1804d 17180 d 1T1804d
Pipe body CVN 3T90 3T90 3790 3T90
DWT — — — 2790
HFW -
[see Figure 5 b)] Seam weld Tensile — 1w 1w 1w
CVN 3w 3W 3W 3W
Pipe body . A
and weld Flattening as shown in Figure 6
Tensile 1L90°P 1T1804d 1T1804d 1T1804d
Pipe body CVN 3T90 3T90 3T90 3790
SAWL or COWL DWT — — — 2790
[see Fjgure 5 b)] Tensile O 1w 1w 1w e
Seam weld CVN 3W and 3HAZ 3W and 3HAZ 3W and 3HAZ [Veand 3HAZ®
Guided-bend 2w 2w 2w 2w ef
Tensile 1Lb 1Td 1Td 1Td
Pipe body CVN 3T 3T 3T 3T
DWAT —_ — — 2T
Tensile — 1w 1w 1w
SAWH or COWH Seam weld CVN 3W and 3HAZ 3W and 3HAZ 3W and 3HAZ BW and 3HAZ
[see Fgure 5 c)]
Guided-bend 2w f 2w 2w 2w f
Tensile — 1WS 1WS 1WS
copateend oy 3WSand 3HAZ | 3WSand3HAZ | 3WSand3HAZ | 3WS and 3HAZ
Guided-bend 2ws f 2ws 2ws 2ws f
a Ske Figuge 5for an explanation of the symbols used to designate orientation and location.
b Ftllssection longitudinal test pieces may be used at the option of the manufacturer.
Cc lngr\ A, 1 tact r' Mny ba e rl'
d If agreed, annular test pieces may be used for the determination of transverse yield strength by the hydraulic ring expansion test in accordance with
ASTM A370.
e For double-seam pipe, both longitudinal-weld seams in the pipe selected to represent the test unit shall be tested.
f For pipe with 7> 19,0 mm (0.748 in), the test pieces may be machined to provide a rectangular cross-section having a thickness of 18,0 mm (0.709 in).
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Table 21 — Relationship between pipe dimensions and round bar test piece diameter
for transverse tensile tests

Specified outside diameter

Specified wall thickness

t

b mm (in)
Specified diameter of test piece within the gauge length
mm (in)
mm (in)
12,7 (0.500) 8,9 (0.350) 6,4 (0.250) @

219,1 (8.625) to < 273,1 (10.750)

> 28,1 (1.106)

<281 (1.106)

2731 (10.75

0) to < 323,9 (12.750)

> 36,1 (1.421)

25,5 (1.004) to < 36,1 (1.421)

< 25,5 (1.004)

323,9 (12.75

0) to < 355,6 (14.000)

> 33,5 (1.319)

23,9 (0.941) to < 33,5 (1.319)

<23,9110.941)

355,6 (14.00

0) to < 406,4 (16.000)

> 32,3 (1.272)

23,2 (0.913) to < 32,3 (1.272)

<53,20.913)

406,4 (16.000) to < 457 (18.000) >30,9 (1.217) 22,2 (0.874) to < 30,9 (1.217) <222 (0.814)
457 (18.0q0) to < 508 (20.000) > 29,7 (1.169) 21,5 (0.846) to < 29,7 (1.169) <21,5(0.846)
508 (20.040) to < 559 (22.000) > 28,8 (1.134) 21,0 (0.827) to < 28,8 (1.134) <21,0 (0.847)
559 (22.0(0) to < 610 (24.000) > 28,1 (1.106) 20,5 (0.807) to < 28,1 (1.106). <20,5 (0.847)
610 (24.040) to < 660 (26.000) > 27,5 (1.083) 20,1 (0.791) to < 27,5 (1.083) <201 (0.741)
660 (26.000) to < 711 (28.000) > 27,0 (1.063) 19,8 (0.780) to < 27-01.063) <19,8(0.740)
711 (28.040) to < 762 (30.000) > 26,5 (1.043) 19,5 (0.768) to £26,5 (1.043) <19,5 (0.768)
762 (30.040) to < 813 (32.000) > 26,2 (1.031) 19,3 (0.760) t9'< 26,2 (1.031) <19,3 (0.760)
813 (32.040) to < 864 (34.000) > 25,8 (1.016) 19,1 (0.753) to < 25,8 (1.016) <19,1(0.753)
864 (34.040) to < 914 (36.000) > 25,5 (1.004) 18,9%0:744) to < 25,5 (1.004) < 18,9 (0.744)
914 (36.040) to < 965 (38.000) > 25,3 (0.996) 18,7 (0.736) to < 25,3 (0.996) < 18,7 (0.736)

965 (38.009) to < 1 016 (40.000) > 251 (0.988) 18,6 (0.732) to < 25,1 (0.988) <18,6 (0.792)

1016 (40.040) to < 1 067 (42.000) > 24,9 (0.980) 18,5 (0.728) to < 24,9 (0.980) <18,5(0.748)

1067 (42.0Q0) to < 1 118 (44.000) > 24,7 (0.972) 18,3 (0.720) to < 24,7 (0.972) <18,3(0.740)

1118 (44.040) to < 1 168 (46.000) > 24,5 (0.965) 18,2 (0.717) to < 24,5 (0.965) <18,2 (0.717)

1168 (46.00) to < 1 219 (48.000) > 24,440.961) 18,1 (0.713) to < 24,4 (0.961) < 18,1 (0.718)
1219 (48.040) to < 1 321 (52.000) >(04)2 (0.953) 18,1 (0.713) to < 24,2 (0.953) < 18,1 (0.713)
1321 (52.040) to < 1 422 (56.000) >24,0 (0.945) 17,9 (0.705) to < 24,0 (0.945) < 17,9 (0.705)
1422 (56.040) to < 1 524 (60.000) > 23,8 (0.937) 17,8 (0.701) to < 23,8 (0.937) <17,8 (0.7d1)
1524 (60.0q0) to < 1 626 (64.000} > 23,6 (0.929) 17,6 (0.693) to < 23,6 (0.929) < 17,6 (0.693)
1626 (64.040) to < 1 727 (68:000) > 23,4 (0.921) 17,5 (0.689) to < 23,4 (0.921) < 17,5 (0.649)
1727 (68.040) to < 1 829 (72:000) > 23,3 (0.917) 17,4 (0.685) to < 23,3 (0.917) < 17,4 (0.685)
1829 (72.040) to < 1.930.(76.000) >231(0.909) 17,4 (0.685) to < 23,1 (0.909) < 17,4 (0.685)

1930 (76.0(

0) tor<'2"134 (84.000)

> 23,0 (0.906)

17,3 (0.681) to < 23,0 (0.906)

< 17,3 (0.641)

>2

184+84.000)

>22,9 (0.902)

17,2 (0.677) to < 22,9 (0.902)

< 17,2 (0.677)

a For pipe sizes too small to obtain 6,4 mm (0.250 in) diameter test pieces, round bar tensile-test pieces shall not be used.

10.2.3.3 Test pieces for the CVN impact test

The test pieces shall be prepared in accordance with ASTM A370 unless ISO 148-1 and the required striker
radius (either 2 mm or 8 mm) are specified in the purchase order. The axis of the notch shall be perpendicular
to the pipe surface.

For pipe weld and HAZ tests, each test piece shall be etched prior to notching in order to enable proper
placement of the notch.
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For test pieces taken in the weld of SAW and COW pipes, the axis of the notch shall be located on, or as close
as practicable to, the centreline of the outside weld bead as shown in Figure 7. The specimen shall be taken as
close as practicable to the OD surface of the pipe.

For test pieces taken in the HAZ of SAW and COW pipes, the axis of the notch shall be located as close as
practicable to the fusion line of the outside weld bead as shown in Figure 7. The specimen shall be taken as
close as practicable to the OD surface of the pipe.

For test pieces taken in the weld of HFW pipe, the axis of the notch shall be located on, or as close as
practicable to, the weld line.

The size, orientation and source of the test pieces shall be as given in Table 22, except that the next smaller

test piece size may be used It the absorbed energy IS expected to exceed 60 Y of the Tull-scalg d

impagt testing machine.

NOTE
not co

10.2.3

The tq

10.2.3

The tg

10.2.3
The te

For pi

having a thickness of 18,0 mm (0.709 in). Forlpipe with # < 19,0 mm (0.748 in), the test pieces sh

thickn

For S

10.2.3

The te
piece

Minor

Itis not necessary to CVN impact-test combinations of specified outside diameter and-spécifie
ered by Table 22.

.4 Test pieces for the DWT test

st pieces shall be prepared in accordance with APl RP 5L3.

.5 Test pieces for the (full section) bend test

st pieces shall be prepared in accordance with ISO 8491.or ASTM A370.

.6 Test pieces for the guided-bend test

st pieces shall be prepared in accordance withASO 7438 or ASTM A370 and Figure 8.

be with 7 > 19,0 mm (0.748 in), the test pieces may be machined to provide a rectangular
ess curved-section test pieces.

AW and COW pipes, the weld reinforcement shall be removed from both faces.

.7 Test pieces for the flattening test

st pieces shall be taken in accordance with ISO 8492 or ASTM A370, except that the leng
shall be > 60 mm2.5 in).

surface imperfections may be removed by grinding.

a) HAZ specimen

Figure 7 — Location of Charpy test specimens (continued overleaf)

© 1SO 2012 — All rights reserved
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b) Weld specimen

Key

1 material sgmpled by Charpy test piece notch in HAZ of seam weld — close to fusion line

2 centreline ¢f Charpy test-piece notch

3 material sgmpled by Charpy test piece notch in weld seam — on or close to centreline of the putside weld bead

Figure 7 — Location of Charpy test specimens
Table 22 —+ Relationship between pipe dimensions and required.impact test piece for PSL 2 plipe
Specified wall thickness
Specified opitside
diameter f
D mm (in)
. CVN test piece'size, source and orientation
mm (in
Full @ Y8 %8 Ve
114,3 (4.5d0) to > 12,6 (0.496) 11,740:461) to 10,9 (0.429) to 10,1 (0.398) tp
<141,3 (5563) = 1en <M2.6 (0.496) <11,7 (0.461) <10,9 (0.429
141,3 (5.563) to > 11,9 (0.469) 10,2 (0.402) to 9,4 (0.370) to 8,6 (0.339) td
< 168,3 (6)625) = e <11,9 (0.469) <10,2 (0.402) < 9,4 (0.370
168,3 (6.645) to > 117 (0.461) 9,3 (0.366) to 8,6 (0.339) to 7,6 (0.299) tq
<219,1 (825) = ThLOA <11,7 (0.461) <9,3(0.366) < 8,6 (0.339
219,1 (8.645) to > 1.4 (Q229) 8,9 (0.350) to 8,1 (0.319) to 6,5 (0.256) td
<2731 (10/750) =& < 11,4 (0.449) <8,9(0.350) <8,1(0.319)
273,1 (10.7§0) to S 41°370.445) 8,7 (0.343) to 7,9 (0.311) to 6,2 (0.244) td
<323,9 (121750) AN < 11,3 (0.445) < 8,7 (0.343) <7,9(0.311)
323,9 (12.750) to S 14 (0.437) 8,6 (0.339) to 7,8 (0.307) to 6,1 (0.240) tg
< 355,6 (14000) T < 11,1 (0.437) < 8,6 (0.339) <7,8(0.307
355,6 (14.0p0) to > 114 (0.437) 8,6 (0.339) to 7,8 (0.307) to 6,1 (0.240) tq
<406,4 (16/000) T <111 (0.437) < 8,6 (0.339) <7,8(0.307
> 406.4 (16008 S— 85 (0 335)tn Z7.(0 303) ta 6.0 (0 23A) tq
= 406,4 (16.000) = LU 0239 <11,0 (0.433) <8,5(0.335) <7,7 (0.303)
NOTE The size limits for transverse specimens shown are based upon the use of non-flattened, tapered end, test specimens.

See Clause P.8

a Test pieces, from non-flattened sample, transverse to pipe or weld axis, whichever is applicable.
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Dimensions in millimetres (inches)

38 (15)

=150 (6.0)

Key
1 lopg edges machined or oxygen cut, or both
2 wdgld

3 wall thickness
a8  THe radius, r, shall be less than or equal to 1,6 (0.063).
a) SAW and COW pipes

Dimensions in milli

1
!
| in
| w
! mMm
|
!
| /2 :
H o
=150 (6.0)
Key
1 lopg edges-mdchined or oxygen cut, or both
weld

Mmetres (inches)

3 wall'thickness

a8  The radius, r, shall be less than or equal to 1,6 (0.063).
b) LW pipe with D > 323,9 mm (12.750 in)

Figure 8 — Guided-bend test pieces (continued overleaf)
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Dimensions in millimetres (inches)

Key
1 face-bend fest piece

2 reduced th|ckness

3 material removed before or after flattening
4 root-bend test piece

Jig dimensiors for pipe with ¢t = 19,0 mm (0.748 in) shall be used.

c) Reducgd-thickness test pieces [optional for SAW and COW pipes with 7 > 19,0 mm (0.748 in)]

Dimensions in millimetres (inches)

Key

1 face-bend test piece

2 reduced thickness

3 material removed before or after flattening
4 root-bend test piece

Jig dimensions for pipe with £ = 19,0 mm (0.748 in) shall be used.
d) Reduced-thickness test pieces [optional for LW pipe with > 19,0 mm (0.748 in)]

Figure 8 — Guided-bend test pieces
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10.2.4 Test methods

10.2.4.1 Product analysis

Unless otherwise agreed upon when ordering, the choice of a suitable physical or chemical meth
to determine the product analysis is at the discretion of the manufacturer. In cases of dispute, the

183:2012(E)

od of analysis
analysis shall

be carried out by a laboratory approved by the two parties. In these cases, the reference method of analysis

shall be agreed upon, where possible, with reference to ISO/TR 9769 or ASTM A751.

NOTE ISO/TR 9769 covers a list of available International Standards for chemical analysis, with information on the

application and precision of the various methods.

10.2.4.2 Tensile test
The tensile test shall be carried out in accordance with ISO 6892-1 or ASTM A370.

For pipe body tests, the yield strength, the tensile strength, the yield ratio (as appropriate), and th
elongation after fracture shall be determined. For pipe weld tests, the tensile strength shall be df

The percentage elongation after fracture shall be reported with reference to“a gauge length of
For teft pieces having a gauge length less than 50 mm (2 in), the measured elongation after frg
convefrted to a percentage elongation in 50 mm (2 in) in accordance with ISO 2566-1 or ASTM 4

10.2.4.3 CVN impact test

e percentage
btermined.

50 mm (2 in).
cture shall be
370.

The Gharpy test shall be carried out in accordance with ASTM A370 unless ISO 148-1 and the re¢quired striker

radiug (2 mm or 8 mm) are specified in the purchase order.

10.2.4.4 Drop-weight tear test

The drop-weight tear test shall be carried out in‘accordance with APl RP 5L3.

10.2.4.5 Full section bend test
The bend test shall be carried out-in;accordance with ISO 8491 or ASTM A370.

ch test unit, one full-section test piece of appropriate length shall be bent cold through
mandfel having a diameter-no’/larger than 12 D.

10.2.4.6 Guided-bend)test

The ghided-bend, test shall be carried out in accordance with ISO 7438 or ASTM A370.

90° around a

The mandréb-dimension, 4gp, expressed in millimetres (inches), shall not be larger than that detgrmined using

Equatjon (5), with the result rounded to the nearest 1 mm (0.1 in):

Agy =22 ®)
(8 7 -2 — 1)
where
D is the specified outside diameter, expressed in millimetres (inches);
t is the specified wall thickness when using full-thickness pieces, expressed in millimetres (inches);
itis 18 mm (0.709 in) when using reduced-thickness test pieces;
£ is the strain, as given in Table 23;

1,15 is the peaking factor.

© 1SO 2012 — All rights reserved
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Both test pieces shall be bent 180° in a jig as shown in Figure 9. One test piece shall have the root of the weld directly
in contact with the mandrel; the other test piece shall have the face of the weld directly in contact with the mandrel.

Dimensions in millimetres (inches)

b b
T ! T 1 1 T ! T
T — s
\i/ \i/
i — i T31039)
50 (2.0) ;* A @
— qb 3
6.4 (0.250)] | - 2 | 4
| S | \
| | (e 8
. Ml
| B S
————— < S @
~N ] | E | e
3,2 (0.125 | - : e
| Al | + [N
i | .
___:i:__ 1:9
I R —— \
| 2t !
| |
| & |
; |
| l
5¢ + 50 (2.0) 20¢
24¢
Key
1 tapped mopnting hole
2 shoulders, hardened and greased;,.or hardened rollers
B Agp +2t+3,2mm (0.125 in)
ra radius of tHe mandrel for the-guided-bend test
o radius of the die for thexguided-bend test
@ These symbols,ave been retained on the basis of their long-standing use by APl in API 5L and API Spec 5C[T[2"]in
spite of the facf that\they are not in accordance with the ISO system of symbols.
b Asneede

a) Plunger type

Figure 9 — Jigs for guided-bend test (continued overleaf)
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Dimensions in millimetres (inches)

Key
1 roller
B Agh+2t+3,2mm (0.125in)

b) Adjustable type

c) Wrap-~around type

a  THese symbols have been retained.on the basis of their long-standing use by APl in API 5L and API Spec 5CT[21in
spite of the fact that they are not in accprdance with the ISO system of symbols.

Figure 9 — Jigs for guided-bend test
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Table 23 — Strain values for guided-bend test

Pipe grade Strain value @
€
L210 or A 0,165 0
L245 or B 0,137 5
L290 or X42 0,137 5
L320 or X46 01325
L360 or X52 01250
L390 or X56 0117 5
L415 or X60 01125
L450 or X65 01100
L485 or X70 0,102 5
L555 or X80 0,095 0
L625 or X90 0,0850
L690 or X100 0,0800
L830 or X120 0,067 5
a2  For intermediate grades, the strain values shall be obtaified
by interpolation, based upon the specified minimum;tensile
strength, with the interpolated value rounded to the<nearest
multiple of 0,002 5.

10.2.4.7 Flat{ening test
The flattening test shall be carried out in accordance with 1SO 8492 or ASTM A370.

As shown in kigure 6, one of the two test pieces taken-from both end-of-coil locations shall be tested wjth the
weld at the 6|o’clock position or 12 o’clock position, whereas the remaining two test pieces shall be tegted at
the 3 o’clock position or 9 o’clock position.

Test pieces taken from crop ends at weld stops shall be tested at the 3 o'clock position or 9 o’clock positiop only.

10.2.4.8 Hardiness test

When suspected hard spots aré-detected by visual inspection, hardness tests shall be carried out in accorgance
with 1ISO 650, ISO 6507,4SO 6508 or ASTM A370 using portable hardness test equipment and methods
complying with ASTM A956; ASTM A1038 or ASTM E110, respectively, depending on the method used.

10.2.5 Macrdgraphic-and metallographic tests

10.2.5.1 Exceptas e 25:2; atg Aters re-exte A pipes
[see Figure 4 d) and Figure 4 e)] shall be verified by macrographic testing.

10.2.5.2 Alternative methods, such as ultrasonic inspection, may be used if agreed, provided that the ability of
such equipment to detect misalignment is demonstrated. If such an alternative method is used, a macrographic
test shall be carried out at the beginning of the production of each combination of specified outside diameter and
specified wall thickness.

10.2.5.3 For pipe that is required to be seam-heat-treated (see 8.8.1 or 8.8.2, whichever is applicable), it shall
be verified by metallographic testing that the entire HAZ has been appropriately heat treated over the full wall
thickness. For pipe that is not required to be seam-heat-treated (see 8.8.1), it shall be verified by metallographic
testing that no untempered martensite remains.

In addition, a hardness test and maximum hardness may be agreed.
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10.2.5.4 For SAW pipe seams made with tack welds, the melting and coalescence of the tack weld into the final
weld seam shall be verified by macrographic testing [see 8.4.2 a)].

10.2.6 Hydrostatic test

10.2.6.1 Test pressures for all sizes of SMLS pipe, and for welded pipe with D <457 mm (18.000 in), shall be
held for not less than 5 s. Test pressures for welded pipe with D > 457 mm (18.000 in) shall be held for not less
than 10 s. For threaded-and-coupled pipe, the test shall be applied with the couplings made up power-tight if
agreed, except that pipe with D > 323.9 mm (12.375 in) may be tested in the plain-end condition. For threaded
pipe furnished with couplings made up handling-tight, the hydrostatic test shall be made on the pipe in the plain-
end, threads-only or coupled condition unless a specific condition is specified in the purchase order.

10.2..2 In order to ensure that every length of pipe is tested to the required test pressureeach|tester, except
those|on which only continuous welded pipe is tested, shall be equipped with a recording gauge that can
record the test pressure and the test duration for each length of pipe, or shall be equipped with some positive
and aptomatic or interlocking device to prevent pipe from being classified as tested until the test{requirements
(presqure and duration) have been met. Such records or charts shall be ayailable for examjnation at the
manufacturer’s facility by the purchaser’s inspector, if applicable. The test-préssure measuring device shall be
calibrated by means of a dead-weight tester, or equivalent, no more than four months prior to each use. At the
option of the manufacturer, test pressures that are higher than required may be used.

NOTE In all cases, the specified test pressure represents the gauge pressure value below which the|pressure is not
permitfed to fall during the specified test duration.

10.2.4.3 Test pressures for light-wall threaded pipe shall be@s given in Table 24.

10.2.4.4 Test pressures for heavy-wall threaded pipe’shall be as given in Table 25.
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Table 24 — Test pressures for light-wall threaded pipe

Specified outside

Specified wall

Test pressure

diameter thickness MPa (psi)
b ) minimum
Grade
mm (in) mm (in) L175 or A25 L175P or A25P L210 or A L245 or B
10,3 (0.405) 1,7 (0.068) 4,8 (700) 4,8 (700) 4,8 (700) 4,8 (700)
13,7 (0.540) 2,2 (0.088) 4,8 (700) 4,8 (700) 4,8 (700) 4,8 (700)
171 (0.675) 2,3 (0.091) 4,8 (700) 4,8 (700) 4,8 (700) 4,8 (700)
21,3 (0.84@Qy 2-8-(5-169Y 487563 487063 487063 4-8-(7649)
26,7 (1.05d) 2,9 (0.113) 4,8 (700) 4,8 (700) 4,8 (700) 4,8(704)
33,4 (1.319) 3,4 (0.133) 4,8 (700) 4,8 (700) 4,8 (700) 4,8)(70()
42,2 (1.66() 3,6 (0.140) 6,9 (1 000) 6,9 (1 000) 6,9 (1 000) 6,9 (1 00P)
48,3 (1.904) 3,7 (0.145) 6,9 (1 000) 6,9 (1 000) 6,9 (1 000) 6,9 (1 00P)
60,3 (2.374) 3,9 (0.154) 6,9 (1 000) 6,9 (1 000) 6,9 (1 000) 6,9 (1 00p)
73,0 (2.879) 5,2 (0.203) 6,9 (1 000) 6,9 (1 000) 6,9 (1,000) 6,9 (1 00P)
88,9 (3.50Q) 5,5 (0.216) 6,9 (1 000) 6,9 (1 000) 6,9-(1.000) 6,9 (1 00P)
101,6 (4.00) 5,7 (0.226) 8,3 (1.200) 8,3 (1.200) 8,3 (1 200) 9,0 (1 30p)
114,3 (4.500) 6,0 (0.237) 8,3 (1.200) 8,3 (1.200) 8,3 (1 200) 9,0 (1 30p)
141,3 (5.568) 6,6 (0.258) 8,3 (1 200) 8,3 (1200) 8,3 (1 200) 9,0 (1 30Pp)
168,3 (6.62p) 7,1 (0.280) a a 8,3 (1.200) 9,0 (1 30p)
2191 (8.625) 7,0 (0.277) a a 7,9 (1 160) 9,2 (1 35D)
219,1 (8.62%) 8,2 (0.258) a a 9,3 (1 340) 10,8 (1 5710)
273,1 (10.750) 7,1 (0.280) a a 6,5 (940) 7,5 (109D)
273,1 (10.750) 7,8 (0.307) a a 7,1 (1 030) 8,3 (120p)
273,1 (10.790) 9,3 (0.365) a a 8,5 (1220) 9,8 (1 43pP)
323,9 (12.790) 8,4 (0.330) a a 6,4 (930) 7,5 (1 09D)
323,9 (12.790) 9,5 (0.375) a a 7,3 (1 060) 8,5 (1 24p)
355,6 (14.040) 9,5 (0.375) a a 6,6 (960) 7,7 (113p)
406,4 (16.040) 9,5 (0.375) a a 5,8 (840) 6,8 (98(Q)
457 (18.000) 9,5 (0.375) a a 5,2 (750) 6,0 (88()
508 (20.000) 9,5 (0.375) a a 4,6 (680) 5,4 (794)
a Not applicalfle.
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Table 25 — Test pressures for heavy-wall threaded pipe
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. . . Test pressure
Specified outside Specified wall
diameter thickness MPa (psi)
minimum
D t
Grade
mm (in) mm (in)

L175 or A25 L175P or A25P L210 or A L245or B

10,3 (0.405) 2,4 (0.095) 5,9 (850) 5,9 (850) 5,9 (850) 5,9 (850)

13,7 (0.540) 3,0 (0.119) 5,9 (850) 5,9 (850) 5,9 (850) 5,9 (850)

17,1 (0.675) 3,2 (0.126) 5,9 (850) 5,9 (850) 5,9 (850) 5,9 (850)

2{=3+6-8463 3 FO-H4Y 5-9-(856Y 5-5-856) 5:9-(856} 5,9 (850)

2p,7 (1.050) 3,9 (0.154) 5,9 (850) 5,9 (850) 5,9 (850) 5,9 (850)

3B.4 (1.315) 4,5 (0.179) 5,9 (850) 5,9 (850) 5,9 (850) 5,9 (850)
4p,2 (1.660) 4,9 (0.191) 9,0 (1 300) 9,0 (1 300) 10,3 (1 500) 11,0 (1 600)
48,3 (1.900) 5,1 (0.200) 9,0 (1 300) 9,0 (1 300) 10,3(1°500) 11,0 (1 600)
6,3 (2.375) 5,5(0.218) 9,0 (1 300) 9,0 (1 300) 17,0 (2 470) 17,0 (2 470)
78,0 (2.875) 7,0 (0.276) 9,0 (1 300) 9,0 (1 300) 17,0 (2 470) 17,0 (2 470)
88,9 (3.500) 7,6 (0.300) 9,0 (1 300) 9,0 (1 300) 17,0 (2 470) 17,0 (2 470)
11,6 (4.000) 8,1 (0.318) 11,7 (1 700) 11,7 (1 700) 19,0 (2 760) 19,0 (2 760)
114,3 (4.500) 8,6 (0.337) 11,7 (1 700) 11,7 (1£700) 18,7 (2 700) 19,0 (2 760)
141,3 (5.563) 9,5 (0.375) 11,7 (1 700) 11,7¢\700) 16,7 (2 430) 19,0 (2 760)
168,3 (6.625) 11,0 (0.432) a a 16,2 (2 350) 18,9 (2 740)
219,1 (8.625) 12,7 (0.500) a a 14,4 (2 090) 16,8 (2 430)
27B,1 (10.750) 12,7 (0.500) a a 11,6 (1 670) 13,4 (1 950)
32B,9 (12.375) 12,7 (0.500) a a 9,7 (1410) 11,3 (1 650)

a Npt applicable.

10.2.6.5 Except as allowed by 10.2.6.6, 10.2.6.7 and the footnotes to Table 26, the hydrostatic te

5t pressure, P,

expressed in megapascals (pounds.per square inch), for plain-end pipe shall be determined using Equation (6),

with the results rounded to the nearest 0,1 MPa (10 psi):

PE=>

wherse

t | “is the specified wall thickness, expressed in millimetres (inches);

(6)

S| is thethgop stress, expressed in megapascals (pounds per square inch), equal to a pergentage of
the.specified minimum yield strength of the pipe, as given in Table 26;

D is the specified outside diameter, expressed in millimetres (inches).

© 1SO 2012 — All rights reserved
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Table 26 — Percentage of specified minimum yield strength for determination of §

Specified outside diameter Percentage of specified minimum yield strength for
. determination of S
Pipe grade D
mm (in) Standard test pressure Alternative test pressure
L175 or A25 <141,3 (5.563) 602 752a
L175P or A25P <141,3 (5.563) 602 752a
L210 or A Any 602 758
L2450rB Any 602 752a
<141,3 (5.563) 60P 75¢
> 141,3 (5.563) to 219,1 (8.625) 75b 75¢
L290 or X42 to |.830 or X120

>219,1 (8.625) to < 508 (20.000) 85b 858
> 508 (20.000) 90b 90 ¢

a For D < 88,9 mm (3.500 in), it is not necessary that the test pressure exceed 17,0 MPa (2 470 psi); for D > 88,9 mm (3.50@ jr)it is not neqessary
that the test presqure exceed 19,0 MPa (2 760 psi).

b It is not necgssary that the test pressure exceed 20,5 MPa (2 970 psi).

¢ For D < 4064,4 mm (16.000 in), it is not necessary that the test pressure exceed 50,0 MPa (7 260 psi); for 2.>7%406,4 mm (16.000 in), it is not
necessary that thg test pressure exceed 25,0 MPa (3 630 psi).

10.2.6.6 If pressure testing involves an end-sealing ram that produces a campressive longitudinal stregs, the
hydrostatic tept pressure, P, expressed in megapascals (pounds per square’inch), may be determined| using
Equation (7), with the result rounded to the nearest 0,1 MPa (10 psi), provided that the required test pressure
produces a hgop stress in excess of 90 % of the specified minimum yield strength:

R X AR

i (7)

S is the¢ hoop stress, expressed in megapascals (pounds per square inch), equal to a percentagg of
the gpecified minimum yield streéngth of the pipe (see Table 26);

PRr is the internal pressure on@nd-sealing ram, expressed in megapascals (pounds per square ingh);
AR is the cross-sectional@rea of end-sealing ram, expressed in square millimetres (square inches);
Ap is the cross-sectional area of pipe wall, expressed in square millimetres (square inches);

Ay is the internal.eross-sectional area of pipe, expressed in square millimetres (square inches);

D is the specified outside diameter, expressed in millimetres (inches);

t is the specified wall thickness, expressed in millimetres (inches).

10.2.6.7 If agreed, the minimum permissible wall thickness, tmin, may be used in place of the specified wall
thickness, ¢, for the determination of the required test pressure (see 10.2.6.5 or 10.2.6.6, whichever is applicable),
provided that a hoop stress of at least 95 % of the specified minimum yield strength of the pipe is used.

10.2.7 Visual inspection

10.2.7.1 Except as allowed by 10.2.7.2, each pipe shall be visually inspected to detect surface defects, with an
illuminance of at least 300 Ix (28 fc). Such inspection shall be over the entire external surface and shall cover as
much of the internal surface as is practical.

NOTE Generally, the entire inside surface of large diameter SAW and COW pipes is visually inspected from inside the pipe.
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10.2.7.2 Visual inspection may be replaced by other inspection methods that have a demonstrated capability

of detecting surface defects.

10.2.7.3 Visual inspection shall be conducted by personnel who
a) are trained to detect and evaluate surface imperfections;

b) have visual acuity that meets the applicable requirements of ISO 11484 or ASNT SNT-TC-1A

or equivalent.

10.2.7.4 The surface of cold-formed welded pipe shall be inspected to detect geometric deviations in the
contour of the pipe. If this inspection fails to disclose mechanical damage as the cause of the irregular surface,

but in ;
necessary its hardness, shall be determined. The choice of the test method for hardness testingli
of the|manufacturer. If the dimensions and hardness exceed the acceptance criteria given.in 9.

p area, and if
5 at the option
10.6, the hard

conformance

gauge
agreefl, for D> 508 mm (20.000 in.), measurements made by circimferential tape shall governin c

NOTE
pipe s
constr
handlg
ring g4
have &g
tolerari
gauge
over (g

1 Ring gauges used to measure pipe diameter are usually manufactured to specified dimen
ze from dimensionally stable material such as steel, aliminium or other approved material, and {
iction but sufficiently light to permit manipulation by<one inspector. The ring gauge design usual

uges is usually 3,2 mm (0.125 in) less than the nominal internal diameter of the pipe. External ring
bore diameter not exceeding the sum of the'specified outside diameter of the pipe plus the allo
ce. For inspection of submerged arc welded-pipe, ring gauges can be slotted or notched to permit
over the weld reinforcement. It is necessary that the pipe permit the passage of the ring gauge wit
xternal) each end of the pipe for a minipium distance of 100 mm (4.0 in).

NOTE[2  Coordinate measuring maghines are mechanical systems designed to track a mobile meaq
deternjine the coordinates of points-on/a work surface.

10.2.8
as allq
diame

.2 The out-of-roundness of pipes shall be determined at least once per 4 h per operating
wed by 10.2.8.3,dhe out-of-roundness shall be determined as the difference between the |
ter and the smallest outside diameter, as measured in the same cross-sectional plane.

NOTE
exerte

Out-efsroundness measurements taken in stacks are invalid due to the elastic deformations c3
[ by pipessadjacent to those being measured.

der, diameter

rements shall be made with a circumferential tape, or appropriaté uses of micrometer, ring gauge, snap
, calliper, ovality gauge, coordinate measuring machine, or@ptical measuring device. Unless otherwise

se of dispute.

sions for each
hall be of rigid
y incorporates

s to allow the inspector to position the gauge accutately and safely within or over the pipe. The dianpeter of internal

gauges usually
vable diameter
passage of the
hin (internal) or

uring probe to

) shift. Except
brgest outside

used by forces

10.2.4.3-If agreed, for expanded pipe with D >219,1 mm (8.625 in) and for non-expanded pipe, in

side diameter

measurements shall be used to determine conformance with the diameter tolerances. 1he out-of-roundness
may be determined as the difference between the largest inside diameter and the smallest inside diameter, as
measured in the same cross-sectional plane.

10.2.8.4 For SAW and COW pipe, the greatest deviation of flat spots or peaks from the normal contour of the
pipe at the weld at a pipe end shall be measured with respect to a template that is oriented transverse to the
pipe axis and has a length of 0,25 D or 200 mm (8.0 in), whichever is the lesser.

10.2.8.5 Each length of pipe shall be measured for conformance to the specified wall thickness requirements.
The wall thickness at any location shall be within the tolerances specified in Table 11, except that the weld area
shall not be limited by the plus tolerance. Wall thickness measurements shall be made with a mechanical calliper
or with a properly calibrated non-destructive inspection device of appropriate accuracy. In case of dispute, the
measurement determined by use of the mechanical calliper shall govern. The mechanical calliper shall be fitted
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with contact pins. The end of the pin contacting the inside surface of the pipe shall be rounded to a maximum
radius of 38,1 mm (1.50 in) for pipe of size 168,3 mm (6.625 in) or larger, and up to a radius of D/4 for pipe
smaller than size 168,3 mm (6.625 in) with a minimum radius of 3,2 mm (0.125 in). The end of the pin contacting
the outside surface of the pipe shall be either flat or rounded to a minimum radius of 31,2 mm (1.25 in).

10.2.8.6 For threaded-and-coupled pipe, the length shall be measured to the outer face of the coupling. The
length of threaded-and-coupled pipe may be determined before the couplings are attached, provided the proper
allowance is made for the length of the couplings.

10.2.8.7 For the verification of conformance with the dimensional and geometrical requirements specified in
9.11 to 9.13, suitable methods shall be used. Unless particular methods are specified in the purchase order, the
methods used shall be at the discretion of the manufacturer.

10.2.9 Weighing

elded

For pipe with
jointers, it shg
with D < 1411
of pipes seleq

Threaded-and-coupled pipe shall be weighed either

with the g
(20 tons)

a)

b) before th

10.2.10 Non-

Non-destruct

10.2.11 Repr

If any mecha
the manufact
consideritan
the order item

D > 141,3 mm (5.563 in), the lengths of pipe shall be weighed individually, except that for y
Il be permissible to weigh the individual lengths comprising the jointer or the jointer itself. Fg

mm (5.563 in), the lengths of pipe shall be weighed either individually-or-in a convenient
ted by the manufacturer.

ouplings screwed on but without thread protectors, except forérder items with a mass of 18
or more for which proper allowance shall be made for the\xweight of the thread protectors,

e couplings are attached, provided that allowance iscmade for the weight of the couplings.

Hestructive inspection

ve inspection shall be in accordance with<Ahnex E.

bcessing

hical property test result for a test unit of pipe fails to conform to the applicable requirer
irer may elect to heat treat(the test unit of pipe in accordance with the requirements of T4

, and proceed in accordance with the applicable requirements of this International Standard

r pipe
group

pnnes
or

nents,
ble 3,

ew test unit, test it in accordance with all requirements of 10.2.12 and 10.2.4 that are applicable to

. After

one reprocesking heat treatment, -any additional reprocessing heat treatment shall be subject to agregement
with the purchaser.
For non-heat [treated pipé;-any reprocessing heat treatment shall be subject to agreement with the purchaser.

For heat treatf]
agreement wi

ed pipe,-any reprocessing with a different type of heat treatment (see Table 3) shall be sub
th the-purchaser.

10.2.12 Retesting

10.2.12.1

ject to

Recheck analyses

If the product analyses of both samples representing the heat fail to conform to the specified requirements,
at the manufacturer’s option either the heat shall be rejected or the remainder of the heat shall be tested
individually for conformance to the specified requirements. If the product analysis of only one of the samples
representing the heat fails to conform to the specified requirements, at the manufacturer’s option, either the
heat shall be rejected or two recheck analyses shall be made using two additional samples from the heat. If
both recheck analyses conform to the specified requirements, the heat shall be accepted, except for the pipe,
plate, or coil from which the initial sample that failed was taken. If one or both recheck analyses fail to conform
to the specified requirements, at the manufacturer’s option either the heat shall be rejected or the remainder of
the heat shall be tested individually for conformance to the specified requirements.

For such individual testing, it is necessary to determine analyses for only the rejecting element or elements.

74 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=d731a8aadb73857a81dda329502d67b2

ISO 3183:2012(E)

Samples for recheck analyses shall be taken in the same location as specified for product analyses samples.

10.2.12.2

Tensile retests

Tensile retest provisions are as follows.

a)

b)

If applicable, reprocessingshall be defined as in 10.2.11.

10.2.12.3

Flatteping retestvprovisions are as follows:

a)

b)

© 1SO 2012 — All rights reserved

For all PSL1 products, PSL 2 products with R, N and Q delivery conditions, and PSL 2 products with M
delivery conditions of grades less than L450 or X65 (see Tables 2 and 3).

If the tensile test specimen representing the test unit of pipe fails to conform to the specified requirements,
the manufacturer may elect to retest two additional lengths from the same test unit. If both retested
specimens conform to the specified requirements, all the lengths in the test unit shall be accepted, except
the length from which the initial specimen was taken. If one or both of the retested specimens fail to conform
tq the specified requirements, the manufacturer may elect to individually test the remaining|lengths in the
tgst unit. Specimens for retest shall be taken in the same manner as the specimen thatfailgd to meet the
minimum requirements. If applicable, reprocessing shall be as defined in 10.2.11.

Fpr all PSL 2 products, and for PSL 1 M delivery conditions of grades L450 or X685, or greater

If| the tensile specimen representing the test unit fails to conform to“the specified requ
manufacturer may elect to retest two additional lengths from the sameest unit. Specimens

be taken in the same manner as the original specimen that failedto meet the minimum req
should be from two different mother coils or plates, as applicablé.\If one or both of the retest
gil to conform to the specified requirements, the manufacturerimay elect to individually test

(see Table 3).

irements, the
or retest shall
uirements but
bd specimens
the remaining

Igngths in the test unit. If both retest specimens conform,to.the specified requirements, the|test unit shall
be accepted except the lengths from the mother coil or plate from which the initial specimgn was taken.
These lengths shall have one of the following dispositions.

1) all pipes shall be rejected, or
2) each pipe in the test unit shall be tested-with the pipe with satisfactory test results accepted, or

3) provided individual pipe traceability(to mother coil/plate location, the manufacturer shall fest additional
lengths adjacent to (before, aftér and beside, as applicable) the initial failure within the mother coil or
plate considering adjacent daughter coil(s) or plate(s) as applicable. Pipe testing shall|continue until
satisfactory results surround the non-conforming section of the mother coil/plate. The pipes from the
non-conforming section‘of mother coil/plate shall be rejected and the remainder of the|pipe from the
test unit accepted.

Flattening retests

Nop-éxpanded electric welded pipe in grades higher than L175 or A25 and non-expanded laser welded
plpe-smaller than 3239 mm (12.750 in) produced in single lengths:

The manufacturer may elect to retest any failed end until the requirements are met, providing the finished
pipe is not less than 80 % of its length after initial cropping.

Non-expanded electric welded pipe in grades higher than L175 or A25 and non-expanded laser welded
pipe smaller than 323,9 mm (12.750 in) produced in multiple lengths:

Where one or more of the flattening tests fail to conform to the specified requirements, the manufacturer
may retest the pipe end after cropping the defective pipe end. Alternatively, the manufacturer may reject
the defective pipe(s) and retest the adjacent end of the next pipe. The retest shall consist of two specimens,
one tested with the seam weld at 0° and one tested with the seam weld at 90°. If the retest fails to conform
to the specified requirements, the manufacturer may either reject the pipes produced from the affected
multiple length or retest each end of each remaining individual length produced from the coil with the weld
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alternatively at 0° and 90°. If the retest conforms to the specified requirements, the remaining portion of
the multiple lengths shall be accepted.

Cold-expanded electric welded pipe in grades higher than L175 or A25, all welded Grade L175 or A25 in sizes

60,3 mm (2.875 in) and larger; and cold-expanded laser welded pipe smaller than size 323,9 mm (12.750 in):

The manufacturer may elect to retest one end of each of two additional lengths of the same test unit. If
both retests are acceptable, all lengths in the test unit shall be accepted, except the original failed length.
If one or both retests fail, the manufacturer may elect to repeat the test on specimens cut from one end of
each of the remaining individual lengths in the test unit.

If applicable, reprocessing shall be as defined in 10.2.11.

10.2.12.4

If the specim
on specimeng
specified reqy
specimen wa
manufacturer

If applicable,

10.2.12.5

If one or both

Bend retests

cut from two additional lengths from the same test unit. If all retest specimens) conform
irements, all the lengths in the test unit shall be accepted, except the length‘from which the
5 taken. If one or more of the retest specimens fail to conform to the specified requiremen
may elect to repeat the test on specimens cut from the individual lengthsTemaining in the te

feprocessing shall be as defined in 10.2.11.

Guided-bend retests

of the guided-bend specimens fail to conform to the.-specified requirements, the manufz

may elect to fepeat the tests on specimens cut from two additionaltengths of pipe from the same test

such specimgq

the length iniﬂiJaIIy selected for test. If any of the retested spéctimens fails to pass the specified requirer

the manufac
manufacturer
two additiona
additional tes
retest shall bg

If applicable,

10.2.12.6

In the event t
elect to repla
If both of the
original selec
tests shall red

rer may elect to test specimens cut from™individual lengths remaining in the test uni
may also elect to retest any length that has failed to pass the test by cropping back and ¢
specimens from the same end. If the-requirements of the original test are met by both of
s, that length shall be acceptable./No*further cropping and retesting is permitted. Specims
taken in the same manner as specified in Tables 19 and 20 and 10.2.3.6.

feprocessing shall be as defined in 10.2.11.

Charpy retests

hat a set of Charpy’test specimens fails to meet the acceptance criteria, the manufacturg
ce the test unit.of material involved or alternatively to test two more lengths from that tesg
new tests_meet the acceptance criteria, then all pipe in that test unit, with the exception
fed length, /shall be considered to meet the requirement. Failure of either of the two add
uire testing of each length in the test unit for acceptance.

bn fails to conform to the specified requirements, the manufacturer may elect o, make fetests

to the

initial
s, the
5t unit.

cturer
Lnit. If

ns conform to the specified requirements, all lengths in the test unit shall be accepted, éxcept

nents,
. The
utting
these
ns for

r may
t unit.
of the
itional

If applicable,

reprocessing shall be as defined in 10.2.11.

10.2.12.7

Hardness retests

If the hardness test specimen representing a test unit of pipe fails to conform to the specified requirements,
the manufacturer may elect to retest two additional lengths from the same test unit. If both retested specimens
conform to the specified requirements, all the lengths in a test unit shall be accepted, except the length from
which the initial specimen was taken. If one or both of the retested specimens fail to conform to the specified
requirements, the manufacturer may elect to individually test the remaining lengths in the test unit. Specimens
for retest shall be taken in the same manner as the specimen that failed to meet the minimum requirements
(see H.7 or J.8, as applicable).

If applicable, reprocessing shall be as defined in 10.2.11.
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10.2.12.8 DWT retests

In the event that a set of DWT test specimens fails to meet the acceptance criteria, the manufacturer may elect
to replace the test unit of material involved or alternatively to test two more lengths from that test unit. If both
of the new tests meet the acceptance criteria, then all pipe in that test unit, with the exception of the original
selected length, shall be accepted. Failure of either of the two additional tests shall require testing of each
length in the test unit for acceptance. Specimens for retest shall be taken in the same manner as the specimen
that failed to meet the minimum requirements (see 10.2.3).

If applicable, reprocessing shall be as defined in 10.2.11.

11 Marking

11.1 |General

11.1.1 Pipe and pipe couplings manufactured in accordance with this International, Standard shiall be marked
by thg manufacturer in the same sequence as they appear in 11.2.1 a) to j) as applicable.

NOTE While the required markings are generally applied in a single straight line; the markings are pgrmitted to wrap
around on to multiple lines provided the sequence of information is maintained as.read from left to right and from top to bottom.

11.1.2 The required markings on couplings shall be die-stamped @, if agreed, paint-stencilled.

11.1.3 If the purchase order requires 1ISO 3183 pipe to be supplied, markings identifying 13O 3183 pipe
shall e required.

but shiall not interrupt the sequence of the requiredymarkings as they appear in 11.2.1 a) to j) as applicable. Such
additipnal markings shall be located after the end of the required marking sequence or as a sepprate marking
at some other location on the pipe.

1.1 % Additional markings, as desired by the manufacturer or as specified in the purchase order, may be applied
i

11.2 [Pipe markings

11.2.1 Pipe markings shall include the following information, as applicable:
a) npme or mark of the‘manufacturer of the pipe (X);

b) 1$0 3183 shallbe/marked when the product is in complete compliance with this Internatignal Standard,
appropriate apaexes and this section. Products in compliance with multiple compatible standards may be
marked with the name of each standard;

becified outside diameter;

(¢
~
[2)

d) specifired-wattthickmess;

e) pipe steel grade (steel name) (see Table 1, Table H.1 or Table J.1, whichever is applicable) and if agreed,
both corresponding Sl and USC steel grades may be marked on the pipe with the corresponding steel
grade marked immediately after the order item steel grade;

f)  product specification level designation followed by the letter G if Annex G is applicable (see G.5.1);
g) type of pipe (see Table 2);
h) mark of the customer’s inspection representative (Y), if applicable;

i) anidentification number (Z), which permits the correlation of the product or delivery unit (e.g. bundled pipe)
with the related inspection document, if applicable;
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j)  if the specified hydrostatic test pressure is higher than the test pressure specified in Tables 24 or 25 as
applicable, or exceeding the pressures stated in notes a, b, or ¢ of Table 26 if applicable, the word TESTED
shall be marked at the end of the marking immediately followed by the specified test pressure in psi if
ordered to USC units or MPa if ordered to Sl units.

EXAMPLE 1
EXAMPLE 2

EXAMPLE 3

(For Sl units) X'1SO 3183 508 12,7 L360M PSL 2 SAWL Y Z
(For USC units) X1SO 3183 20 0.500 X52M PSL 2 SAWL Y Z
If pipe also meets the requirements of compatible standard ABC.

(For Sl units) X'1SO 3183/ABC 508 12,7 L360M PSL 2 SAWL Y Z

EXAMPLE 4

EXAMPLE 5

EXAMPLE 6

EXAMPLE 7

EXAMPLE 8

NOTE Fo
the right of the

11.2.2 Excef
a) For pipe
1) ona
2) onth
3) ono
4) cont

b) For pipe

If pipe also meets the requirements of compatible standard ABC.

(For USC units) X 1SO 3183/ABC 20 0.500 X52M PSL 2 SAWL Y Z

If hydrotest pressure differs from the standard pressure.

(For Sl units tested to 17,5 MPa) X 1SO 3183 508 12,7 L360M PSL 2 SAWL Y Z TESTED 1
If hydrotest pressure differs from the standard pressure.

(For USC units tested to 2 540 psi) X SO 3183 20 0.500 X52M PSL'2SAWL Y Z TESTED 25
For USC units with both corresponding steel grades marked and“application of Annex G indicat
X1SO 3183 20 0.500 X52M L360M PSL2G SAWL Y Z

For Sl units with both corresponding steel grades markéd and application of Annex G indicated
X 1SO 3183 508 12,7 L360M X52M PSL2G SAWLY Z

specified outside diameter markings in USC units, it is not necessary to include the ending zero d
decimal sign.

t as allowed by 11.2.3 and 11.2.4, the required markings shall be applied durably and legibly, as f
ith D < 48,3 mm (1.900 jn), the markings shall be in one or more of the following location
tag fixed to the bundlé,

e straps or banding clips used to tie the bundle,

ne end of each pipe,

nuousalerg the length;

with™D > 48,3 mm (1.900 in), unless a specific surface is specified in the purchase ord

igits to

bllows:

h-
D.

br, the

marking

shall he

1) on the outside surface of the pipe, in the sequence listed in 11.2.1, starting at a point between 450 mm
and 760 mm (1.5 ft and 2.5 ft) from one of the pipe ends, or

2) onthe inside surface of the pipe, starting at a point at least 150 mm (6.0 in) from one of the pipe ends;

11.2.3 If agreed, low-stress die-stamping or vibro-etching on the pipe surface may be used, subject to the
following limitations.

a) Such ma

b) Such ma

78

rks shall be on the pipe bevel face or within 150 mm (6.0 in) of one of the pipe ends.

rks shall be at least 25 mm (1.0 in) from any weld.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=d731a8aadb73857a81dda329502d67b2

ISO 3

183:2012(E)

c) Cold die-stamping [at temperatures < 100 °C (210 °F)] of plate, coil or pipe not subsequently heat treated
shall be done only if rounded or blunt dies are used.

d) Unless otherwise agreed and specified on the purchase order, cold die stamping shall not be used on all
pipe with a specified wall thickness of 4,0 mm (0.156 in) or less and all pipe of grade higher than L175 or

A

25 not subsequently heat treated.

11.2.4 For pipe intended for subsequent coating, if agreed, marking may be done at the coater’s facility rather
than at the pipe mill. In such cases, traceability shall be ensured, e.g. by application of a unique number (by
individual pipe or heat of steel).

11.2.

11.2.
two d

a) F
o

b U
i

N

c) F

11.2.7,
the in

applic

It a temporary protective coating (see 12.1.2) Is applied, the markings shall be legible aiten

In addition to the markings specified in 11.2.1, the pipe length shall be marked as fotlows
cimal places (feet to tenths of a foot) or, if agreed, in a different format.

br pipe with D < 48,3 mm (1.900 in), the total length of pipe in the bundle shalhbe marked g
 banding clip attached to the bundle.

nless a specific surface is specified on the purchase order for pipé, with D > 48,3 mm
dividual pipe length (as measured on the finished pipe) shall besnarked

at a convenient location on the outside surface of the pipe, or
at a convenient location on the inside surface of the ‘pipe.

br pipe furnished with couplings, the length as measured to the outer face of the coupling sh

If agreed, the manufacturer shall apply a.daub of paint, approximately 50 mm (2 in) ir
side surface of each length of pipe. The paint colour shall be as given in Table 27 if the
able; for all other grades, the paint colour shall be as specified in the purchase order.

Table 27 — Paint colour

Pipe grade Paint colour
L320 or X46 Black
L360 or X52 Green
L390 or X56 Blue
L415 or X60 Red
L450 or X65 White
L485 or X70 Purple-violet
L555 or X80 Yellow

such coating.

5, in metres to

n a tag, strap

1.900 in), the

all be marked.

diameter, on
pipe grade is

11.3

Coupling markings

All couplings in sizes 60,3 mm (2.375 in) and larger shall be identified with the manufacturer’s name or mark
together with ISO 3183 and/or APl Spec 5L.
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11.4 Marking of pipe to multiple grades

11.4.1 Marking of pipe to multiple grades is permitted only by agreement between the purchaser and the

manufacturer within the following limits:
a) Pipe may have multiple markings within the following grade ranges:

1) < L290 (X42); or

2) >1290 (X42) to < L415 (X60).

Multiple grade markings for L415 (X60) and above are not allowed.
b) Pipe shall be marked to only one PSL level.
11.4.2 The manufacturer is responsible for ensuring that the pipe conforms to all requirements of each|of the
certified gradg¢s. This allows pipe to be used as any of the grades individually.
11.4.3 If pip¢ is marked to multiple grades, a single inspection document shall be”issued referencing the
grade combingtion as marked on the pipe. The inspection document may contain@specific statement that pipe
conforms to each grade individually.
11.4.4 After glelivery of the pipe, no re-marking or re-certification of the pipe to a different grade or different PSL
level (PSL 1 tp PSL 2) shall be permitted.
11.5 Thread identification and certification
11.5.1 At thg manufacturer’s option, threaded-end pipe may be identified by stamping or stencilling the pipe
adjacent to the threaded ends, with the manufacturers’ name or mark, Spec 5B (to indicate the applicable
threading sp€cification), the specified outside diaméter of the pipe and the letters “LP” (to indicate the type of
thread). The thread marking may be applied to products that do or do not bear the APl monogram.
EXAMPLE Size 168,3 mm (6.625 in) threaded-end pipe is marked as follows, using the value that is appropr|ate for
the pipe outsidg diameter specified on the purchase order:
X API Spec 5B|6.625 LP (for USC units)
or
X API Spec 5B|168,3 LP (for Sl units)
11.5.2 The upse of the letters “Spec 5B” as provided by 11.5.1 shall constitute a certification by the manufgcturer
that the thredds-s0 marked comply with the requirements in APl Spec 5B but should not be constrded by
the purchaseras a representation that the product So marked IS, in its entirety, in accordance with any API

Specification. Manufacturers who use the letters “Spec 5B” for thread identification are required to have access

to properly ce

rtified APl master pipe gauges in accordance with APl Spec 5B.

11.6 Pipe processor markings

Pipe heat treated by a processor other that the original pipe manufacturer shall be marked as stipulated in the
applicable subclauses of Clause 11. The processor shall remove any marking that does not indicate the new
condition of the product as a result of heat treating (such as prior grade identity and original pipe manufacturer’s
name or logo).

If a processor is subcontracted by the pipe manufacturer and performs operations that unavoidably remove or
obliterate the marking, the subcontractor may reapply the marking provided the reapplication is controlled by
the pipe manufacturer.
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12 Coatings and thread protectors

12.1 Coatings and linings

12.1.1 Except as allowed by 12.1.2 to 12.1.4, pipe shall be delivered bare (not coated).

12.1.2 |If agreed, pipe shall be delivered with a temporary external coating to provide protection from rusting in
storage and transit. Such coating shall be hard to the touch and smooth, without excessive sags.

12.1.3 If agreed, pipe shall be delivered with a special coating.

12.1.4 |If agreed, pipe shall be delivered with a lining.

12.2 [Thread protectors

12.2.1 For threaded pipe with D < 60,3 mm (2.375 in), the thread protectors shall be suitable fak
or shgll be suitable metal, fibre or plastic protectors.

12.2.4 For threaded pipe with D > 60,3 mm (2.375 in), the thread pretéctors shall be of such dg
and npechanical strength as to protect the thread and pipe end frem damage under normal
transgortation conditions.

12.2.3 Thread protectors shall cover the full length of the thread on the pipe, and shall exclude wate
the thiiead during transportation and the period of normal storage, which is considered to be approxim

12.2.4 The thread forms in thread protectors shall'be such that they do not damage the pipe thr

12.2.8 Protector material shall contain ne‘{compounds that are capable of causing corrosion
adhergnce of the protectors to the threads, and shall be suitable for service at temperatures
+ 65 °IC (- 50 °F to + 150 °F).

13

Reco
availaple to the purchaser, upon request, for a period of three years after the date of purch
manufacturer:

a)

b)

I'\]:tention of records

s of the following ‘inspections, if applicable, shall be retained by the manufacturer and s

0

bat and product analyses;

tensile tests;

ric wrappings

sign, material
handling and

r and dirt from
htely one year.

pads.

or promoting
of — 45 °C to

hall be made
ase from the

guided-bend tests;

CVN tests;

DWT tests;

hydrostatic-tester recorder charts or electronic methods of record storage;
radiographic images for pipe inspection;

non-destructive inspection by other methods where applicable;
qualifications of non-destructive inspection personnel;

radiographic images for jointer welds;
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k) repair welding procedure tests;

I) records of any other test as specified in the annexes or the purchase order, including all welding-procedure
specifications (WPS) and welding-procedure qualification test records (WPQT/PQR) (see Annexes A and D).

14 Pipe loading

If the manufacturer is responsible for the shipment of pipe, the manufacturer shall prepare and follow loading
diagrams that detail how the pipe is to be arranged, protected and secured on trucks, railcars, barges or
ocean-going vessels, whichever is applicable. The loading shall be designed to prevent end damage, abrasion,
peening and fatigue cracking. The loading shall comply with any rules, codes, standards or recommended
practices whi¢h are applicable.

NOTE Fot additional information refer to API RP 5L1 [8] and API RP 5LW [19],
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Specification for welded jointers

Method

183:2012(E)

A11
shall k

A.1.2
qualifi

A13
the pu

A.2

A.21
proce

A.2.2
straig

A.2.3
At no
rise a
than 1

A.24
betwel

A.2.5
coil/pl

A3

Welding of any type that uses deposited filler metal and is generally considered to be|s
e permitted unless the purchaser specifies a particular method.

ed in accordance with a standard approved by the purchaser.

Copies of the welding procedure specification and procedure qualification record shall k
rchaser upon request.

Workmanship

The ends of the pipe to be welded together shall be‘prepared in accordance with the qu
Hure specification.

The completed jointers shall be straight within the limits of 9.11.3.4. Completed jointer
htened by bending at the jointer welds.

Each weld shall have a substantially uniform cross-section around the entire circumferen
point shall its as-deposited crowned surface be below the outside surface of the parent me
pbove the parent metal by more-than the limits specified in Table 16 if submerged-arc weld
,6 mm (0.063 in) if welded-by/another process.

Unless otherwise agreed, there shall be 50 mm to 200 mm (2.0 in to 8.0 in) of circumferen
en longitudinal-seéant welds at jointer welds.

hte end welds at jointer welds.

ound practice

Welding procedures, welders and welding machine operators (hereafter called operafors) shall be

e provided to

hlified welding

5 shall not be

ce of the pipe.
tal, nor shall it
ed or by more

ial separation

There shall-be at least 50 mm (2.0 in) of circumferential separation between helical-seam welds and

Marking

Each jointer shall be legibly marked to identify the welder or operator.

A4

Non-destructive inspection

The full length (100 %) of jointer welds shall be non-destructively inspected in accordance with Annex E or
Annex K, whichever is applicable, using radiographic or ultrasonic methods or a combination thereof.
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Annex B
(normative)

Manufacturing procedure qualification for PSL 2 pipe

B.1 General

B.1.1 This gnnex specifies additional provisions that apply if manufacturing procedure qualification is ofdered
for PSL 2 pipg¢ [see 7.2 ¢) 42)] or if Annex H, if Annex J, and/or if Annex M applies.

B.1.2 In sp4gcial cases (e.g. first supply or new steel grade) the purchaser may, when orderinglarge quantities,
ask for data demonstrating that the requirements specified in this International Standard can be met usipg the
proposed manufacturing route.

B.1.3 Verifi¢gation of the manufacturing procedure shall be by the provision of acceptable data from previous

production or

B.2 Addi

The purchassd
a) qualificat

b) frequenc

B.3 Characteristics of the manufacturing procedure specification

Before produ

shall supply the purchaser with summary~information or identification of the control documents, as appli

on the mainc

tional information to be supplied by the purchaser

by qualification in accordance with Clauses B.3, B.4, B.5, or anyportion or combination thg

order shall indicate which of the following provisions apply for the specific order item:
on in accordance with Clauses B.3, B.4, B.5 or.any portion or any combination thereof (see

y and amount of testing (see B.5.2).

Ction commences or at the manufacturer’s risk from the initial production run, the manufs

naracteristics of the manufacturing procedure. This information shall include at least the foll

reof.

B.1.3);

cturer
cable,
bWing:

a) steelmakjng and casting —faor-all pipe:
1) nameg/location of manufacturing facility,
2) equipment arid process description including steelmaking method, heat size, deoxidation practice,
inclusion shape control practices (where applicable) and casting method,
3) cherical composition ranges including all elements intentionally added and those listed in Table 5,
4) steelmaking and casting process control,
5) hydrogen control practices for slabs used to make plate/coil greater than 20 mm (0.78 in) thick,
6) product identification and traceability practices,
7) product rework/retest/release controls for non-conformances to manufacturer’s documented practices
including grade intermixes/transitions and process/chemistry deviations,
8) centreline segregation controls and acceptance criteria, as applicable;
b) pipe manufacturing — for all pipe:
1) name/location of manufacturing facility,
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equipment and process description,

hydrostatic testing practices including calibration/verification of equipment,

non-destructive inspection methods and practices including instrument standardization practices,
chemical/mechanical property test and retest sample location(s) and specimen specification,
dimensional control methods including methods to straighten pipe or correct dimensions,

for full body normalized and quenched and tempered pipe, the aim and control tolerances for the

austenitizing and tempering times and temperatures and a description of the temperature monitoring

and control mnfhnrlc,

1p)

—_—

)

=

c)

-_—

g bW N

-_—

D)

(o}
~
— 2]

bt rolling — for welded pipe:

pcondary processing (if applicable) — for welded pipe:

pipe marking process and details,
product traceability practices from plate/coil/billet receipt to pipe release,

product rework/retest/release controls for non-conformances from manufacturer’s| documented
practices, and

pipe storage, handling, loading and shipping practices;

name/location of manufacturing facility,
equipment and process description, including heat-treatment method (N or Q) if applicable,
applicable rolling practice control temperature tolerances (reheating, rolling and cooling),
applicable time tolerances (reheating, rolling; and cooling),

applicable non-destructive inspection methods and practices for the coil/plate includipg instrument
standardization practices,

dimensional and mechanical property control limits,
end cropping practices,
product traceability practices from slab receipt to plate/coil delivery,

product rework/retest/release controls for non-conformances to manufacturer’s documepted practices
(including pfocess, chemical/ mechanical, and dimensional deviations), and

storage; handling, loading and shipping practices;

name/location of manufacturing facility,

5)

equipment and process description,
product identification and traceability practices from plate/coil receipt to plate/coil delivery,

product rework/recoil/retest/release controls for non-conformances from manufacturer’s documented
practices (including process, chemical/ mechanical, and dimensional deviations), and

storage, handling, loading and shipping practices;

e) pipe manufacture — for welded pipe:

1)
2)

pipe-forming procedures, including preparation of edges, control of alignment and shape,

pipe heat-treatment procedure, where applicable, including in-line heat treatment of the weld seam,
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f)

3) weld
This

ing procedure specification with previous qualification records for this procedure, if available.

shall include sufficient information of the following kind:

i) for HFW seam welding:

I) confirmation of adequate weld seam heat treatment through metallography,

II) description and controls of welding process;

i) for SAW and COW seam, repair, coil/plate end, and jointer welding, as applicable:

I)  wire/flux consumable manufacturer(s), classification and wire diameter(s),

4) forg
i)

ii)
ii)
iv)
pipe mary
1) pipe
i)
ii)
2) pipe

[) welding parameters and ranges including current, voltage, travel speed, heat input;
AW and COW pipes:

seam welding bevel dimensional tolerances,

mmethod of tack welding and spacing of tack welds (if applicable),

procedures for wire and flux storage and handling including moisturescontrol and practid
recycling flux, as applicable,

weld defect removal methods;

ufacture — for SMLS pipe:

forming process for as-rolled pipe:

ppplicable rolling practice control temperature tolerances (reheating, rolling and cooling),
ppplicable time tolerances (reheating, rolling and cooling);

heat-treatment practice.

B.4 Charnacteristics of the inspection and test plan

Before produ

bf the control documents; as applicable, on the main characteristics of the inspection ar
h shall include at leasbthe following:

h activity;

organizafion or individuals responsible for performing the inspection activity (including manufa

pctor, purchaser or third party representative);

h/test and calibration practices, as applicable;

es for

Ction commences, the manufacturer shall supply the purchaser with summary informatjon or

d test

Cturer,

frequency of inspection;

ce criteria;

actions to non-conformances;

result recording, as applicable;

identification of processes requiring validation;

witness and hold points.

identification
plan. This pla
a) inspectig
b)

subcontr.
c) inspectio
d)
e) acceptan
f)
9)
h)
i)
86
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B.5 Manufacturing procedure qualification tests

B.5.1

For the qualification of the manufacturing procedure, the mandatory tests specified

183:2012(E)

in Table 18,

Table H.3, Table J.7, and/or Table M.7, whichever are applicable, shall be carried out prior to or at the beginning
of the production.

B.5.2 The frequency and amount of qualification testing shall be as specified in the purchase order, while
requalification testing shall be approved by the purchaser. The manufacturer may offer prequalification data
from previous production if noted in the purchase order.

B.5.3 Forwetdedpiperataminimurrthe-fottowing-welding-procedureguatificationinformationshall be provided:
a) fqr HFW pipes:

1) welding process control parameters,

2) weld mechanical test results in accordance with Table 18, H.3 and J.7 (ds appropriate),

3) confirmation of adequate heat treatment through metallography, and

4) weld region hardness test results where required in accerdance with H.7.2.4 and H.7.3.3, or

J.8.2.3 and J.8.3.2;

b) fgr SAW and COW pipes:

1) bevel dimensions,

2) wire/flux consumable manufacturer(s), classifi¢ation and wire diameter(s),

3) welding parameters including current, voltage, travel speed, heat input, and number of prcs,

4) weld mechanical test results in accerdance with Table 18, H.3 and J.7 (as appropriate),

5) weld region hardness test results where required in accordance with H.7.2.4 and H.7.8.3, or J.8.2.3

and J.8.3.2, and

6) weld metal chemical analysis of each deposited bead.
B.5.4| The purchaser may-ask for characteristic data on other properties (e.g. weldability) of thg product.
NOTE Purchaser requésts for weldability data on particular steel grades can require specific weldabiljty testing to be
condugted. In such instarces, it is the responsibility of the purchaser to supply the manufacturer with detail$ of the welding
procegses and parameters for which weldability data are required. It is important to consider weldability festing of newly
develogped steehgrades such as L690 or X100 and L830 or X120 where data are otherwise unavailable.
B.5.5| (This qualification shall consider an assessment of coil/plate tensile property variability and coil/plate to
pipe strergth-ehanges:

B.5.6 Prior to release of pipe, the purchaser shall be notified of all plate/coil/pipe that does not meet the initial
defined rolling practices control parameters, but have been requalified (see 8.3.9).
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Annex C
(normative)

Treatment of surface imperfections and defects

C.1 Treatment of surface imperfections

rfections not classified as defects may remain in the pipe without repair or may be cosmatically

y grinding.

Surface impe|
dressed-out f

C.2 Treatment of dressable surface defects

C.2.1 All drg¢ssable surface defects shall be dressed-out by grinding.

C.2.2 Grind

contour of the pipe.

ng shall be carried out in such a way that the dressed area blends in smoothly wi

th the

C.2.3 Complete removal of defects shall be verified by local visual inspection, aided, where necessary, by
suitable non-destructive inspection methods. To be acceptable, the wall'thickness in the ground area shall be in
accordance with 9.11.3.2; however, the minus tolerances for diamégter and out-of-roundness (see 9.11.3.1|) shall
not apply in the ground area.

C.3 Treatment of non-dressable surface defects

Pipes that coptain non-dressable surface defects'shall be given one or more of the following dispositior]s.

a) Weld defects in SAW and COW pipes shall be repaired by welding in accordance with Clause C.4.

b) The sections of pipe containing the-surface defects shall be cut off, within the limits on length.

c) The entire pipe length shall be rejected.

C.4 Repgir of defects by welding

C.41 For PBL 1 pipe.only, repair of the pipe body by welding is permitted. For PSL 2 pipe, repair of the pipe
body by welding is hot permitted.

C.4.2 Except as allowed by C.4.7, repair by welding shall be confined to the weld of SAW and COW pipes.
The defect shall be completely removed and the resulting cavity shall be thoroughly cleaned. For PSL 2 pipe, the
rim of the resulting cavity shall not extend into the parent metal by more than 3,2 mm (0.125 in), as measured
along the pipe surface perpendicular to the weld (see Figure C.1). Unless otherwise agreed, repairs to welds in
cold-expanded PSL 2 pipe shall have been performed prior to cold expansion. Seam welds made without filler
metal shall not be repaired by welding.

C.4.3 The total length of repaired zones on each pipe weld shall be <5 % of the total weld length for SAW and
COW weld seams. For coil/plate end welds, the total length of the repaired zone shall not exceed 100 mm (4.0
in) and shall not be within 100 mm (4.0 in) of the junction between the end weld and the helical seam weld.
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C.4.4 Weld defects separated by less than 100 mm (4.0 in) shall be repaired as a continuous single weld
repair. Each single repair shall be carried out with a minimum of two layers/passes over a length of at least
50 mm (2.0 in).

C.4.5 Weld repairs shall be performed using a welding procedure that is qualified in accordance with Annex D.

C.4.6 After weld repair, the total area of the repair shall be ultrasonically or radiographically inspected in
accordance with Annex E and, if applicable, Annex K. Before expansion or hydrotest, the type of UT may be at
the option of the pipe manufacturer but, after expansion or hydrotest, inspection shall be by manual UT. It would
also be acceptable to carry out combined automatic and manual UT after expansion or hydrotest.

C.4.7
comp

C.4.8

10.2.4.

Key
1w

For SMLS pipe (PSL 1 only), prior to weld repair, MT or PT inspection shall be perfoin
ete removal of defect.

Pipe that has been repair welded shall be hydrostatically tested after repair welding in ac

22

0
=
Z
S

Id reinforcement

2 rim of resultant cavity

Figure C.1 — Resultant cavity of weld repair (PSL 2 only)

hed to ensure

cordance with
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Annex D
(normative)

Repair welding procedure

D.1 General

D.1.1 Repa

a) with the pipe axis being in the horizontal plane;

b) inaccord

c) by a welg
with Clay

D.1.2 Repa
a) automati
b) automati

c) manual s

D.1.3 Al w

recommendafions, so as to preclude moisture or other contamination.

D.1.4 Testy

r welds shall be made

ance with a qualified welding procedure;

ing machine operator (hereafter called operator) or repair welder who is'qualified in accor|
se D.3.

r welds shall be made by one or more of the following methods:
C submerged arc;
L or semi-automatic gas metal arc;

hielded metal arc using low-hydrogen electrodes.

plding materials shall be properly handled and stored in accordance with the manufac

elds shall be made on strip, plateorpipe.

D.1.5 The

anufacturer shall maintain arecord of the welding procedure and the procedure qualificatiq

dance

urer’s

n-test

results. Copigs of the welding-procedure)specification and the welding-procedure qualification record shall be

provided to the purchaser upon requéest.

D.2 Repair welding procedure qualification

D.2.1 General

D.2.1.1 Welfling procedures shall be qualified by preparing and testing welds in accordance with this

nnex,

except as allowed by D212

D.2.1.2 At the option of the manufacturer, the welding procedure qualification mechanical tests specified in
ISO 15614-1[23] API Spec 5L, 43 Edition [171 or ASME Section 1X[26] may be substituted for those specified in D.2.3.

D.2.1.3 For the purpose of this annex, the term automatic welding includes machine welding, mechanized
welding and automatic welding.
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D.2.2 Essential variables

An existing procedure shall not be applicable and a new procedure shall be qualified if any of the following
essential variables is changed beyond the stated limits:

a) welding process:
1) achange in the welding process, such as submerged-arc to gas metal arc,
2) achange in the method, such as manual to semi-automatic;

b) pipe material:

1) achange in pipe grade category; if different alloying systems are used within one pipe giade category,
each alloying composition shall be separately qualified, wherein pipe grade categories are as follows:

i) pipe grade <L290 or X42,

i) pipe grade > L290 or X42, and pipe grade < L450 or X65,

iiiy each pipe grade > Grade L450 or X65;

2) within each pipe grade category, a thicker material than the matebial qualified,

3) within the pipe grade category and thickness range, a carbon equivalent (CE,y if the|carbon mass
fraction is greater than 0,12 % and CEpcny, if the carbon:mass fraction is less than or eqpal to 0,12 %),
based upon product analysis for the material to be repaired, that is more than 0,03 % greater than the
carbon equivalent of the material qualified,

4) change in delivery condition (see Table 3);

c) Welding materials:

1) change in the filler metal classification,

when impact tests are required; a change in the consumable brand name,
change in the electrode dianeter,

change in the composition, X, of the shielding gas of more than (X + 5 %),

change in the flew’rate, ¢, of the shielding gas of more than (¢ + 10 %),

D W N

change in stibmerged-arc welding flux from one designation to another;

2
s

elding parameters:

—_

change in the type of current (such as from alternating current to direct current),

2) -ehange in polarity

3) for automatic and semi-automatic welding, the ranges of welding current, voltage, speed and heat
input may be established to cover ranges of wall thickness. Within the range, appropriately selected
points shall be tested to qualify the entire range. Thereafter, a new qualification is required if there is
a deviation from the qualified range greater than one or more of the following:

i) 10 % in amperage,
i) 7 % in voltage,
i) 10 % in travel speed for automatic welding,

iv) 10 % in heat input;
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unless otherwise agreed,;

d: for manual and semi-automatic welding, a change in bead width greater than 50 %;

preheat and post-weld heat treatment:

ir welding at a pipe temperature lower than the pipe temperature of the qualification test,

the addition or deletion of post-weld heat treatment.

Mechanical testing

any increase in groove depth, a, over that qualified. The depth of groove shall be set by the manufacturer,

4)
e) weld bea
f)

1) repa

2)
D.2.3
D.2.3.1 Nun

Two test piec
procedure qu
(see D.2.3.4).

hber of test pieces

bs for each type of test (see D.2.3.2 and D.2.3.3) shall be prepared and tested-fop each w
plification test. For impact testing, three test pieces for each location shall be prepared and

D.2.3.2 Tranpsverse tensile test

D.2.3.21 TH
repair weld sh
removed from

NOTE Alt
is to be located

D.2.3.2.2 Th

e reduced width of transverse tensile test pieces shall be apptoximately 38 mm (1.5 in) a
all be at the mid-length of the test piece, as shown in Figure 8¢). The weld reinforcement s
both faces and the longitudinal edges shall be machine cuit.

nough Figure 8 a) shows a guided bend test specimen, it.isréferred to for guidance of where the repd
for a tensile specimen.

e tensile strength shall be at least equal to the minimum specified for the applicable pipe g

D.2.3.3 Tranpsverse guided-bend test

D.2.3.3.1 Th
made in a gro

D.2.3.3.2 Es
the weld in te

D.2.3.3.3 EX
defect exceed

D.2.3.3.4 Ci
provided that

e transverse guided-bend test pieces shall be as shown in Figure D.1, with the weld having
ove.

ch test piece shall be bent 180° in a jig (see Figure 9 and Table D.1), with the exposed surf
nsion.

cept as allowed by D.2.3.3.4, the bend test shall be considered acceptable if no crack of
ing 3,2 mm\(0.125 in) in any direction is present in the weld metal or base metal after beng

elding
tested

hd the
hall be

irweld

rade.

been

ace of

other
ing.

acks, that occur at the edges of the test piece during testing shall not be cause for rej
they are not longer than 6,4 mm (0.250 in).

Tction,

D.2.3.4 Charpy (CVN) impact test

D.2.3.4.1 Charpy impact test pieces shall be taken from weld-repaired areas of repair welding procedure
qualification tests (see D.2.1.1).

D.2.3.4.2 Charpy test pieces shall be prepared in accordance with the requirements of 10.2.3.3.

D.2.3.4.3 The CVN impact test shall be carried out in accordance with the requirements of 9.8 and 10.2.4.3.
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D.2.3.4.4 The minimum average absorbed energy (of a set of three test pieces) for each repaired pipe weld
and its associated HAZ, based on full size test pieces and a test temperature of 0 °C (32 °F), or if agreed, a
lower test temperature shall be not less than that specified in 9.8.3 for the pipe seam weld metal and HAZ.

Where pipe dimensions do not permit the preparation and testing of full size CVN test pieces from repair
welding procedure qualification tests and sub-size CVN test pieces are used, the requirements of 10.2.3.3 and
Table 22 shall apply.

D.2.4 NDT of weld repair procedure qualification test

The weld-repair-procedure qualification test piece shall be inspected in accordance with Clause E.3, by
using ither the mdingmphir incpprfinn h:mhniqm:- in accardance with Clause F 4 or the ultrasonic inspection
technique in accordance with Clause E.5 or a combination of both techniques. The weld-repaifed area shall
meet fhe same acceptance criteria specified in E.4.5 and/or E.5.5 as appropriate.

Dimensions in millimetres (inches)

4 o
A \Y\ 2
2150 (6.0) 3
=150 (6.0)
1

w
38 (15)

2 2 1 © ©
C o
2150 (6.0) 3
Key
A bgforegqepair welding — Section view
B affefrepair welding — Plan view
C after repair welding — Section view
1 longitudinal edges machined, cold sawn, thermally cut, or any combination thereof
2 repair weld metal with weld reinforcement removed
3 pre-existing SAW/COW weld (if applicable) with weld reinforcement removed
4 repair groove

[

Groove depth.
Wall thickness [see D.2.2 b) 2].
¢ The radius, r, shall be less than or equal to 1,6 mm (0.063 in).

o

Figure D.1 — Guided-bend test piece
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Table D.1 — Guided-bend test jig dimensions

Dimension @
Pipe grade mm (in)
ra P P Agbb Bb
<L290 or X42 3,0¢ 4,0¢+ 1,6 (0.063) 6,0 ¢ 8,0¢+3,2(0.125)
L320 or X46 35¢ 4,5¢t+ 1,6 (0.063) 7,0¢ 9,0 ¢+ 3,2(0.125)
L360 or X52 4,0¢ 5,07+ 1,6 (0.063) 8,0¢ 10,0 ¢ + 3,2 (0.125)
L390 or X56 4,0¢ 5,07+ 1,6 (0.063) 8,0¢ 10,0 7 + 3,2 (0.125)
L415 or X60 4,5¢ 55¢+ 1,6 (0.063) 9,0¢ 11,07+ 3,2 (0.125)
L450 or X6p 451 5,5¢+ 1,6 (0.063) 9,0 ¢ 11,0 ¢ + 3,2 (0.125
L485 or X7Pp 50¢ 6,07+ 1,6 (0.063) 10,0 ¢ 12,0 ¢ + 3,24(01125
L555 or X8D 50¢ 6,0+ 1,6 (0.063) 10,0 ¢ 12,0+ 3,2(0.125
L620 or X9p 551 6,57+ 1,6 (0.063) 11,0 ¢ 13,002+-3,2 (0.125
L690 or X140 6,0 ¢ 7,0 ¢+ 1,6 (0.063) 12,0¢ 14,0% + 3,2 (0.125
L830 or X130 7,0 ¢ 8,07+ 1,6 (0.063) 14,0 ¢ 16,0 7+ 3,2 (0.125

a For intermediate grades, the dimensions shall be as specified for the next lower grade, or shall be obtained byinterpolation.

b ra, I'b, Agb, @nd B are as shown in Figure 9.

D.3 Welding personnel performance qualification
D.3.1 Qualification

D.3.1.1 Gernleral

Each repair welder and operator shall be qualified according to the requirements of D.3. Alternatively, [at the
option of the manufacturer, welders and operatorsimay be qualified to ISO 9606-1[2%], ASME Section [IX[26],
API Spec 5L,|43r4 Edition ['7], Appendix C, or EN.287-1[24],

A repair weldgr or operator qualified on ongpipe grade category [see D.2.2 b)] is qualified for any lowsgr pipe
grade categofy, provided that the same-welding process is used.

D.3.1.2 Inspection
To qualify, a repair welder or‘operator shall produce welds that are acceptable by inspection as follows:
a) film radiggraphic inspéction in accordance with Annex E;

b) two trangverseiguided-bend tests (see D.2.3.3).

D.3.1.3 Inspectionfaitures

If one or more of the inspections in D.3.1.2 fail to meet the specified requirements, the welder or operator may
make one additional qualification weld. If that weld fails one or more of the inspections in D.3.1.2, the welder or
operator is disqualified. No further retests shall be permitted until the welder has completed additional training.

D.3.2 Re-qualification

Re-qualification in accordance with D.3.1 shall be required if one or more of the following applies.

a) One year has elapsed since the last prior applicable qualification.

b) The welder or operator has not been welding using qualified procedures for a period of three months or more.

c) There is reason to question the welder’s or operator’s ability.
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Annex E
(normative)

Non-destructive inspection for other than sour service or offshore service

E.1 Qualification of personnel

E.1.1]| ISO 9712, ISO 11484 or ASNT SNT-TC-1A or an equivalent, shall be the basis for the qualification of

non-dgstructive inspection personnel (excluding visual inspection). Such personnel shall bé.re-qyalified for any

methqd previously qualified, if they have not performed non-destructive inspection in that imethdd for a period

exceeding 12 months.

E.1.2| Non-destructive inspection shall be conducted by Level 1, 2 or 3 persofnel.

E.1.3| Evaluation of indications shall be performed by Level 2 or 3 personnel, or by Level 1 pefsonnel under

the supervision of Level 2 or 3 personnel.

E.2 | Standard practices for inspection

Exceqt as specifically modified in this annex, the required non-destructive inspection, other than for surface

inspegtion (see 10.2.7) and wall-thickness verificationy shall be performed in accordance with one of the

follow|ng standards or an equivalent:

a) electromagnetic (flux leakage): [SO 10893-3 or ASTM E570;

b) elgctromagnetic (eddy-current): ISO 10893-2 or ASTM E309;

c) ulfrasonic: ISO 10893-8, ISO 10893-9, ISO 10893-10, ASTM A435,
ASTM A578/A578M or ASTM E213;

d) adtomated ultrasonic (weld'seam): ISO 10893-11 or ASTM E273;

e) manual ultrasonic (weld-seam): ISO 10893-11, ASTM E164, ASTM E587

f) mdgnetic particle; ISO 10893-5,0or ASTM E709;

g) rafiographi€ (film): ISO 10893-6, or ASTM E94;

h) rafiographic (digital): ISO 10893-7, ASTM E2698, or ASTM E2033;

i) liquid-penetrant: 1ISQ 10893-4 or ASTM E165

E.3 Methods of inspection

E.3.1 General

E.3.1.1 For grades > L210 or A, the weld seams of welded pipe with D > 60,3 mm (2.375 in) shall be non-

destructively inspected, full length (100 %) for the entire thickness, as given in Table E.1. In addition, the
coil/plate end weld in finished helical-seam pipe shall be non-destructively inspected, full length (100 %) for the

entire

thickness, as given in Table E.1.
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Table E.1 — Pipe weld seam non-destructive inspection

Non-destructive inspection method 2

Weld seam type - - - -
Electromagnetic Ultrasonic Radiographic

EW one method or a combination of not applicable
methods is required PP

LW not applicable required not applicable
SAW not applicable required P if agreed
COow not applicable required not applicable

Coil/plate end not applicable required P if agreed

@  The weld seam at the pipe ends may require additional inspection (see E.3.2).

b Required unless the manufacturer and the purchaser have agreed to replace it by radiographic
inspection.

E.3.1.2 Al BSL 2 SMLS pipe and PSL 1 Grade L245 or B quenched and tempered SMLS pipe shall be non-
destructively {nspected full length (100 %), as given in Table E.2. If agreed, other RSL-1 SMLS pipe shall be
non-destructiyely inspected as given in Table E.2.

Table E.2 — SMLS pipe body non-destructive inspection

Non-destructive inspection method

Item Electromagnetic Ultrasonic M(a(g:l:l:::rpf?zrgle
PSL 2 pipe, any grade one method or a combination of methods is required
PSL 1 pipe, Grgde L245 or B, quenched and tempered one method or a combination of methods is required
PSL 1 pipe, othpr than above if agreed, one method or a combination of methods is required

E.3.1.3 The| location of equipment in the ‘manufacturer’s facility shall be at the discretion o¢f the
manufacturel, except that

a) the required non-destructive inspectien of weld seams of cold-expanded pipe shall take place aftgr cold
expansiop; the required non-destructive inspection of SMLS pipe shall take place after all heat treatifjg and
cold-expansion operations, ifjperformed, but may take place before cropping, bevelling and end sizZing;

b) by agreement, the weld seams in LFW and HFW pipes shall be inspected following hydrostatic test.

E.3.2 Pipp end inspéction — Welded pipe

E.3.2.1 If arjautomated ultrasonic or electromagnetic inspection system is applied to meet the requireménts of
E.3.1.1, the weldat any pipe end not covered by the automated inspection system shall be inspected for defects
by the manual or semi-automatic ultrasonic angle beam method or by the radiographic method, whichever is
appropriate, or such non-inspected pipe end shall be cut off. Records in accordance with E.5.4 shall be maintained.

E.3.2.2 For SAW and COW pipes, the weld at each pipe end for a minimum distance of 200 mm (8.0 in) shall
be inspected by the radiographic method. The results of such radiographic inspection shall be recorded on
either film or another imaging medium.

E.3.2.3 If agreed, ultrasonic inspection in accordance with the method described in ASTM A578/A578M and
ASTM A435 or ISO 10893-8 shall be used to verify that the 25 mm (1.0 in) wide zone at each pipe end is free of
laminar imperfections > 6,4 mm (0.25 in) in the circumferential direction.
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E.3.3 Pipe end inspection — SMLS pipe

E.3.3.1 If an automated ultrasonic or electromagnetic inspection system (combined equipment, operating
procedures and personnel) is applied to meet the requirements of E.3.1.2, the portion at the pipe end that is not
covered by the automated inspection system shall be inspected for defects by the manual or semi-automatic
ultrasonic angle beam method or the magnetic particle method, otherwise such non-inspected pipe ends shall
be cut off. Records in accordance with E.5.4 shall be maintained.

E.3.3.2 If agreed for pipe with > 5,0 mm (0.197 in), ultrasonic inspection in accordance with ISO 10893-8 or
ASTM A578/A578M and ASTM A435 shall be used to verify that the 25 mm (1.0 in) wide zone at each pipe end
is free_of laminar imperfections > 6.4 mm (0.25 in) in the circumferential direction

E.4 | Radiographic inspection of weld seams

E.4.1| Radiographic technique
When|applicable, radiographic inspection of the weld seam shall be conducted-in accordance witH the following:
— far film radiographic inspection: ISO 10893-6:2011 image quality clas$\A or B, or ASTM E94.
— fqr digital radiographic inspection: ISO 10893-7, ASTM E2698 or'ASTM E2033.

E.4.2] Radiographic inspection equipment

E.4.21 The homogeneity of weld seams examined by radiographic methods shall be determined by means
of X-rays directed through the weld material in order ta‘ereate a suitable image on a radiographig film or digital
imaging medium (i.e. CR, DDA), provided that the required sensitivity is demonstrated.

E.4.22 The radiographic films used shalkbe”in accordance with ISO 11699-1:2008, class|C4 or C5 or
ASTM E1815-08, class | or class I, and shall’be used with lead screens.

E.4.23 The density of the radiograph shall be not less than 2,0 (excluding the weld seam) and shall be
chosen such that

—

a) the density through the(thickest portion of the weld seam is not less than 1,5;

b) the maximum contfast for the type of film used is achieved.

E.4.3| Image guality indicators

E.4.3.1 Unless otherwise agreed, wire-type image quality indicators (IQls) shall be used. If dther standard
imagdg qguality indicators are used, equivalent or better sensitivity shall be achieved.

E.4.3.2 IfISO wire-type IQls are used, they shall be W 1 FE, W 6 FE or W 10 FE, in accordance with ISO 19232-
1:2004, and the essential wire diameters shall be as given in Table E.3 for the applicable weld thickness.

E.4.3.3 If ASTM wire-type |Qls are used, they shall be in accordance with ASTM E747 and the essential wire
diameters shall be as given in Table E.4 for the applicable weld thickness.

E.4.3.4 Except as allowed by E.4.3.5, the 1Ql used shall be placed across the weld at a location representative
of full weld reinforcement and shall contain both essential wire diameters, with one being determined based
upon the weld thickness with full reinforcement and the other being determined based upon the weld thickness
without reinforcement.

E.4.3.5 Two IQls may be used; one placed across the weld and the other placed on the parent metal.
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E.4.3.6 1QIl's shall be placed on the source side. When the source side is inaccessible, the 1Qls may be placed
on the film/detector side of the object. In these circumstances a letter “F” shall be placed near the IQls and this
procedural change shall be recorded in the test report.

NOTE A trial exposure with 1Qls on both source and detector sides of a piece of pipe is an effective means to assess
relative sensitivity.

Table E.3 — ISO 19232-1 wire-type IQl for radiographic inspection

Weld thickness @ Essential wire diameter FE wire set Wire number

mm (in) mm (in)

<8 (073 0,16 (0.000) WO 1o W6 %
>8(0.3) 1o 11 (0.4) 0,20 (0.008) W 10 to W 16 13
> 11 (0.4) o 14 (0.6) 0,25 (0.010) W 10 to W 16 or W 6 to W 12 12
> 14 (0.6)to 18 (0.7) 0,32 (0.013) W 10 to W 16 or W 6 to W 12 11
> 18 (0.7)[to 25 (1.0) 0,40 (0.016) W10 to W 16 or W 6 to W 12 10
> 25 (1.0)[to 32 (1.2) 0,50 (0.020) W6 toW 12 9
> 32 (1.2)|to 41 (1.6) 0,63 (0,025) W6 toW 12 8
> 41 (1.6) fo 50 (2.0) 0,80 (0.032) W6 toW 12 7

> 50((2.0) 1,00 (0.039) W6 toW 12 6

a The weld thipkness is the sum of the specified wall thickness and the estimated thickness of thedweld’reinforcement.
Table E.4 — ASTM E747-04 wire-type IQl forsradiographic inspection

Weld thickness @ Essential wire diameter Wire set Wire identity

mm (in) mm (in)

<810.3) 0,16 (0.006) A 4
>8(0.3) 1o 11 (0.4) 0,20 (0.008) A 5
> 11 (0.4)fo 14 (0.6) 0,25 (0.010) AorB 6
> 14 (0.6)to 18 (0.7) 0,33 (0.018) B 7
> 18 (0.7)[to 25 (1.0) 0,41 (0.016) B 8
>25(1.0)fto 32 (1.2) 0,51-(0.020) B 9
> 32 (1.2)[to 41 (1.6) 0,64 (0,025) B 10
>41(1.6) fo 50 (2.0) 0,81 (0.030) BorC 11

> 50/(2.0) 1,02 (0.040) C 12

a The weld thipkness is the sum’of the specified wall thickness and the estimated thickness of the weld reinforcement.
E.4.4 Verffication of instrument standardization

E.4.41 For dynamic methods at operational speeds, an image quality indicator shall be used to verify the
sensitivity and adequacy of the technique on one pipe in every test unit of not more than 50 pipes, but at least

once per 4 h per operating shift.

NOTE 1

used are clearly visible to the operator in the applicable area (weld or parent metal).

NOTE 2

used to denote the term “standardization” as used in this International Standard.

For initial adjustment of the technique using the image quality indicator, the pipe may be held in a stationary position.

Proper definition and sensitivity is attained when the essential wire diameters of the image quality indicator

In some of the referenced ISO International Standards for non-destructive inspection, the term “calibration” is

E.4.4.2 For film radiographic methods, an image quality indicator shall appear on each exposure.
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E.4.4.3 For stationary digital radiographic systems and processes it is sufficient to prove the
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image quality

twice per shift. This sensitivity check shall be carried out at least once in every four hour period and at the
start and end of each inspection shift, as long as pipe dimensions, material and testing parameters remain
unchanged between calibrations. Once the system achieves the requirements of Clause E.4.3, no alteration

to the testing parameters is allowed. The image quality check shall only be performed with sou
During initial system validation, the spatial resolution (SRb) of the detector shall be determined

rce-side IQls.
with a duplex

wire IQl in addition to the 1QIl in E.4.3. The duplex wire shall be positioned directly in front of the detector at
approximately 5° angle to avoid the aliasing effects. 1Ql placement for system validation shall be on the same

side as used during production testing.

If there are any required changes to the system testing parameters (e.g. voltage, current, exp

distance-between detector and subiect)-or changes to the nine dimensions - or material undert
J 77 J Ll ol

osure time or
est during the

inspegtion shift, then the sensitivity of the system shall be re-calculated by the re-application of al
accorling to the requirements of E.4.3.

Wher¢ the image quality fails to meet the requirements of E.4.3, then all pipes inspected sinced

successful sensitivity check shall undergo radiographic re-inspection at the new test parameterg.

E.4.5| Acceptance limits for imperfections found by radiographiciinspection

The sjze and distribution of slag-inclusion-type and/or gas-pocket-type-imperfections shall n
valuesg given in Table E.5 or Table E.6, with elongated inclusions defined as those with length
greatqr than or equal to 3:1.

NOTE(1 The important factors to be considered in determining whether imperfections are acceptab
and spacing of the imperfections and the sum of their diameters in.an established distance. For simplicity,
established as any 150 mm (6,0 in) length of weld. Imperfections.of this type usually occur in an aligned
distincfion is made between aligned and scattered patterns. Also, the distribution pattern can be of assort

NOTE|2 Unless the imperfections are elongated, it_cannot be determined with assurance whether f
indications represent slag inclusions or gas pockets. Fherefore, the same limits apply to all circular-type in

E.4.6| Defects found by radiographic inspection

Cracks, lack of complete penetration and lack of complete fusion found by radiographic inspe
classified as defects. Imperfectionsifound by radiographic inspection that are greater in size and
than the values given in Table E.5/or Table E.6, whichever is applicable, shall be classified as
containing such defects shal-be-given one or more of the dispositions specified in Clause E.10.

E.4.7) Traceability(of-radiographic images

Radiographic images-shall be traceable to the applicable pipe identity.

Table E.5 — Elongated slag-inclusion-type imperfections

required IQls

the previous

bt exceed the
width ratio of

le are the size
the distance is
pattern, but no
bd sizes.

he radiological
hperfections.

iction shall be
or distribution
defects. Pipe

Makimum dimensions Separation Number of imperfections in any Accumulated length of imperfections
150-mm-{6-0-in-ength-of-weld in-any-150-mm-{6-0-in-ergth of weld
mm (in) (minimum) (maximum) (maximum)
mm (in) mm (in)
1,6 (0.063) x 13 (0.50) 150 (6.0) 1 13 (0.50)
1,6 (0.063) x 6,4 (0.25) 75 (3.0) 2 13 (0.50)
1,6 (0.063) x 3,2 (0.125) 50 (2.0) 3 13 (0.50)
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Table E.6 — Circular slag-inclusion-type and gas-pocket-type imperfections

Size Adjacent Separation Number of imperfections in any Accumulated diameters of imperfections
size 150 mm (6.0 in) length of weld in any 150 mm (6.0 in) length of weld
mm (in) mm (in) (minimum) (maximum) (maximum)
mm (in) mm (in)

3,2(0.125)2 | 3,2(0.125)2 50 (2.0) 2 6,4 (0.25)

3,2 (0.125)2 1,6 (0.063) 25 (1.0) varies 6,4 (0.25)

3,2 (0.125)2 0,8 (0.031) 13 (0.5) varies 6,4 (0.25)

3,2(0.125)2 0,4 (0.016) 9,5(0.4) varies 6,4 (0.25)

1,6 (0.063) 1,6 (0.063) 13 (0.5) 4 6,4 (0.25)

1,6 (0.063) 0,8 (0.031) 9,5 (0.4) varies 6,4 (0.25)

1,6 (0.063) 0,4 (0.016) 6,4 (0.25) varies 6,4 (0.25)

0,8 (0.031) 0,8 (0.031) 6,4 (0.25)b 8 6,4 (0.25)

0,8 (0.031) 0,4 (0.016) 4,8 (0.188) varies 6,4 (0425)

0,4 (0.016) 0,4 (0.016) 3,2 (0.125) 16 6,4 (0)25)
a 2,4 mm (0.0p4 in) for pipe with < 6,4 mm (0.250 in).
b Two imperfgctions < 0,8 mm (0.031 in) in diameter may be as close as one diameter apart, provided that they are separated from any other
imperfection by af least 13 mm (0.5 in).

E.5 Ultrasonic and electromagnetic inspection
E.5.1 Equipment

E.5.1.1 Equjpment using ultrasonic or electromagnetic principles and capable of continuous and uninterfupted
inspection of the weld seam of welded pipe or the outsideand/or inside surface of SMLS pipe shall be|used,
as appropriatg.

E.5.1.2 For welded pipe, the equipment shall be ¢capable of inspecting through the entire thickness of the weld

seam as folloys:

a) for EW gnd LW seams, the weld lire)plus 1,6 mm (0.063 in) of adjacent parent metal on each dide of
the weld|line;

b) for SAW pnd COW seams, thie'weld metal plus 1,6 mm (0.063 in) of adjacent parent metal on each side of
the weld metal.

E.5.2 Ultqasonic and-electromagnetic inspection reference standards

E.5.2.1 Each reférence standard shall have its outside diameter and wall thickness within the tolefances
specified for the-production pipe being inspected.

NOTE In some of the referenced International Standards for non-destructive inspection, the term “tubular test piece”
or “reference tube” or “test piece” is used to denote the term “reference standard” as used in this International Standard.

E.5.2.2 Reference standards may be of any convenient length, as determined by the manufacturer.

E.5.2.3 Reference standards shall contain as reference indicators one or more machined notches or one or
more radially drilled holes as given in Table E.7.

E.5.2.4 Reference indicators shall be separated in the reference standard by an amount sufficient to enable
separate and distinguishable indications to be produced.

NOTE In some of the referenced International Standards for non-destructive inspection, the term “reference standard”
is used to denote the term “reference indicator” as used in this International Standard.
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E.5.2.5 Reference standards shall be identified. The dimensions and type of reference indicators shall be
verified by a documented procedure.

Table E.7 — Reference indicators

Reference indicators 2
Notch Notch orientation Notch dimensions Diameter of
location radially drilled
ltem hole b
oD ID Longitudinal Transverse Depth ¢ Lengthd Width
(maximum) | (maximum)
s ||||||(;||) ||||||\;||) mm (In)
EW sgam el el el f 10,0 50 (2.0) 1,0 (0.040) 3,2 (0.125)
LW seam e e e f 5,09 50 (2.0) 1,0 (0/040) 1,6 (0.063)9
SAW geam h e e e i 5,09 50 (2.0) 1,0 (0,040) 1,6 (0.063) 9
COW geamh e e e i 5,09 50 (2.0) 1$07(0.040) 1,6 (0.063)9
Coillplate end e e e i 5,09 50 (2.0) ) | 1,0 (0.040) | [1,6(0.063)9
seam
Jointef seam h e e e i 509 50 (2.0) 1,0 (0.040) 1,6 (0.063) 9
PSL 2|SMLS pipe e e j f 12,5 50 (2.0) 1,0 (0.040) 3,2 (0.125)
PSL 1|SMLS pipe, _
quenched and k k J f 12,5 50 (2.0) 1,0 (0.040) 3,2 (0.125)
tempered
Eti';: SMLS pipe, k f i f 12,5 50 (2.0) | 1,0 (0.040) 3,2 (0.125)

NOTH1 Notches are rectangular or U-shaped.

NOTH 2 For electromagnetic inspection, it can be necessaryfor the reference standard to contain OD notches, IID notches and a
radially drilled hole. (See E.5.3.4.)

a Itlis not necessary to locate reference indicators in the weld:

b Drilled hole diameters are based upon standard drill=bit sizes. A hole is not required if a notch is used to establish the reject thrgshold.

¢ DEpth is expressed as a percentage of the specified wall thickness. It is not necessary that the depth be less than 0,3 mm (0.912 in). The depth
toleranpe is + 15 % of the specified notch depth or + 0,056 mm (0.002 in), whichever is the greater.

d bngth at full depth.

e Equired if a notch is used to establish reject threshold.

L
R

f Npt required.
A] the option of the manufacturer, N10 notches or 3,2 mm (0.125 in) holes may be used (see Table E.8 for applicable acceptancg limits).
A

the option of the manufaCturer, for SAW and COW seams, the reject threshold may be established using weld-edge notches or weld-edge
radially drilled holes.

E|ther a transverse/miotch or a 1,6 mm (0.063 in) radially drilled hole is required.
i AJ the optiop.0f the manufacturer, the notches may be oriented at an angle that facilitates the detection of anticipated defects.
R]

pquir€d for pipe with D > 60,3 mm (2.375 in) if a notch is used to establish the reject threshold.

flagrééd, the reference standard shall contain OD and ID notches and a radially drilled hole.

E.5.3 Instrument standardization

E.5.3.1 The manufacturer shall use a documented procedure to establish the reject threshold for ultrasonic
or electromagnetic inspection whichever is applicable. The applicable reference indicators given in Table E.7
shall be capable of being detected under normal operating conditions. Such capability shall be demonstrated
dynamically, either on-line or off-line at the option of the manufacturer, using a speed of movement between the
pipe and the transducer that simulates the inspection to be used for the production pipe.

E.5.3.2 The instrument shall be standardized with an appropriate reference standard (see E.5.2) at least twice
per operating shift, with the second standardization being conducted 3 h to 4 h after the first to demonstrate its
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effectiveness and the effectiveness of the inspection procedures. Instrument standardization shall be confirmed
prior to turning the unit off at the end of the inspection cycle.

NOTE In one or more of the referenced International Standards for non-destructive inspection, the term “calibration”
is used to denote the term “standardization” as used in this International Standard.

E.5.3.3 The instrument shall be adjusted to produce well-defined indications from the applicable reference
indicators when the reference standard is inspected.

E.5.3.4 If adrilled hole is used to establish the reject threshold for electromagnetic inspection of pipe with D >
60,3 mm (2.375 in) and the intended application is either the inspection of the weld seam of welded pipe or the
concurrent ingpection of the UD and 1D suriaces ol SMLS pipe, it shall additionally be veriiied that the equipment
as so standarflized produces indications, from both ID and OD notches in the reference standard thatare| equal
to or greater than the reject threshold established using the drilled hole.

E.5.4 Regords verifying system capability

E.5.4.1 The|manufacturer shall maintain NDT system records verifying the system(s).eapabilities in defecting
the referencelindicators used to establish the equipment test sensitivity.

The verificatipn shall cover, as a minimum, the following criteria:
a) coveragq calculation (i.e. scan plan);

b) capability for the intended wall thickness;

c) repeatabjlity;

d) transducer orientation that provides detection of defects typical of the manufacturing process (see
Table E.1, Note j);

e) documerntation demonstrating that defects typical of the manufacturing process are detected using the
NDT methods described in Clause E.4 or Clause E.5 as appropriate;

f)  threshold-setting parameters.

E.5.4.2 In agldition, the manufacturer shall maintain documentation relating to
a) NDT sysfem operating procédures;

b) NDT equjpment description;

c) NDT personnel qualification information;

d) dynamic tesikdata demonstrating the NDT system/operation capabilities under production test condijtions.

E.5.5 Acceptance limits
E.5.5.1 The acceptance limit for indications produced by reference indicators shall be as given in Table E.8.

E.5.5.2 For ultrasonic inspection of welded pipe in the dynamic mode, any imperfection that produces an
indication greater than the applicable acceptance limit given in Table E.8 shall be classified as a defect unless
one of the following applies.

a) Ultrasonicinspection of the imperfection in the static mode produces an indication that is less than the applicable
acceptance limit given in Table E.8 and that it is ascertained that the maximum signal has been obtained.

b) Itis determined that the imperfection causing the indication is a surface imperfection that is not a defect
as described in 9.10.
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c) For SAW and COW pipes, it is determined by radiographic inspection that the imperfection causing the
indication is a slag-inclusion type or gas-pocket type of imperfection that meets the requirements of E.4.5.

E.5.5.3 Except as allowed by E.5.5.2 b) and c), defects found by ultrasonic inspection shall not be classified
as imperfections by subsequent radiographic testing.

E.5.5.4 For SMLS pipe, any surface imperfection that produces an indication greater than the applicable
acceptance limit given in Table E.8 shall be classified as a defect unless it is determined that the imperfection
causing the indication is not a defect as described in 9.10.

a) ,-‘ Seams ~la 7@..7!77.!77_!..?:? nan aWiaalan) !n n engain ardlessofthe
ion height, provided that it is greater than the background noise, shall be re-inspected by radiographic
methqds in accordance with Clause E.4 or, if agreed, other techniques.

—r

E.5.6] Disposition of defects found by ultrasonic and electromagnetic inspectiol
Pipe gontaining defects shall be given one or more of the dispositions specified-in €lause E.10.
E.5.7| Weld repair

For SAW and COW seams, defects found by ultrasonic inspection may.lBe repaired by welding and re-inspected

in acqordance with C.4. Inspection of the repair shall be performed using manual UT or a cpmbination or
automatic and manual UT.

Table E.8 — Acceptance limit

Item Notch type Hole size Acceptdnce limit?2
(maximum)
mm (in) %
) N5 1,6 (0.063) 100
SAW] COW, LW or repair weld
N10 3,2 (0.125) B3
Electfic weld N10 3,2 (0.125) 100
SML$ pipe N12,5 3,2 (0.125) 100

2  Bixpressed as a percentage of the.indication produced by the reference indicator. The reject threshold (see E.5.3) $hall not exceed
the applicable acceptance limit.

E.6 | Magnetic particle inspection

E.6.1| Magnetic particle inspection of SMLS pipe

E 6 1 al Il rmmacnatic nartinls tnonAantins 1o oA tn nonA~ + for |~
0. 1.7 oy re S pPartaCre o pCttom o UsSCUTOT S pCCTOT0

the pipe shall be so inspected.

e-eutside surface of

P

E.6.1.2 Surface imperfections revealed by magnetic particle inspection shall be investigated, classified and
treated as follows.

a) Imperfections that have a depth < 0,125 ¢ and do not encroach on the minimum permissible wall thickness
shall be classified as acceptable imperfections and shall be treated in accordance with Clause C.1.

b) Imperfections that have a depth > 0,125 7 and do not encroach on the minimum permissible wall thickness
shall be classified as defects and shall be dressed-out by grinding in accordance with Clause C.2 or shall
be treated in accordance with Clause C.3.

c) Imperfections that encroach on the minimum permissible wall thickness shall be classified as defects and
shall be treated in accordance with Clause C.3.
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NOTE “Imperfections that encroach on the minimum permissible wall thickness” implies that the portion of the wall
thickness that is beneath the surface imperfection is less than the minimum permissible wall thickness.

E.6.2 Equipment

The equipment used for magnetic particle inspection shall produce a magnetic field of sufficient intensity to
indicate imperfections of the following character in the external surface of the pipe: cracks, seams and slivers.

E.6.3 Magnetic particle inspection reference standard

If requested by the purchaser, arrangements shall be made by the manufacturer to perform a demonstration

for the purch

ser’s representative during production of the purchaser’s order. Such a demonstration s

all be

based upon
that exhibit ng

E.7 Resi

E.71

NOTE Va
affected by pro|

E.7.2 The Ipngitudinal magnetic field shall be measured on plain-end pipe with D > 168,3 mm (6.625 i

all smaller pla
prior to loadin

NOTE Me

E.7.3 Meas

however, in case of dispute, measurements made with_a Hall-effect gaussmeter shall govern. The gausd

shall be opera

The r¢quirements for residual magnetism shall apply only to testing within the pipe‘manufacturing f

ipe in process or sample lengths of similar pipe retained by the manufacturer for that pu
tural or artificially produced defects of the character stated in E.6.2.

dual magnetism

ues of the residual magnetism of the pipe, subsequent to leaving the pip€ymanufacturing facility,
cedures and conditions imposed on the pipe during and after shipment.

n-end pipe that is inspected full length by magnetic methads or is handled by magnetic equi
. Such measurements shall be taken on the root face érisquare cut face of finished plain-en

asurements made on pipe in stacks are not considered‘valid.

Lirements shall be made using a Hall-effect gaussmeter or other type of calibrated instru

ted in accordance with written instructiens demonstrated to produce accurate results.

rpose,

acility.

can be

n) and
pment
i pipe.

ment;
meter

E.7.4 Measprements shall be made on each end of a pipe, selected at least once per 4 h per operating shift.
E.7.5 Pipe magnetism shall be measured subsequent to any inspection that uses a magnetic field, grior to
loading for shipment from the manufacturer’s facility. For pipe handled with electromagnetic equipment after

measurement
magnetism in

E.7.6 Four
The average
measured wit

of magnetism, such\handling shall be performed in a manner demonstrated not to cause re
excess of the limits'in E.7.6.

f the fourreadings shall be <3,0 mT (30 Gs), and no one reading shall exceed 3,5 mT (35 Gs
n aAdall-effect gaussmeter or equivalent values when measured with another type of instrur

sidual

eadings shall be taken approximately 90° apart around the circumference of each end of the pipe.

when
nent.

E.7.7 Any pipe that does not meet the requirements of E.7.6 shall be considered defective. Except as allowed
by E.7.8, all pipe produced between the defective pipe and the last acceptable pipe shall be individually measured.

E.7.8 If the pipe production sequence is documented, pipe may be measured in reverse sequence, beginning
with the pipe produced prior to the defective pipe, until at least three consecutively produced pipes meet the
requirements.

NOTE It is not necessary to measure pipe produced prior to the three acceptable pipes.

E.7.9 Pipe produced after the defective pipe shall be measured individually until at least three consecutive
pipes meet the requirements.
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E.7.10 All defective pipe shall be de-magnetized full length and then their magnetism shall be re-measured
until at least three consecutive pipes meet the requirements of E.7.6.

E.8 Laminar imperfections in the pipe body of EW, SAW and COW pipes

E.8.1 For EW pipe, if agreed, ultrasonic inspection shall be used to verify that the pipe body is free of laminar
imperfections greater than those permitted by

a) IS0 10893-9:2011, acceptance level U2, if such inspection is done prior to pipe forming; or

b) ISO 10893-8-2011 _acceptance level U3 _if such inspection is done after seam wplding

E.8.2| For SAW and COW pipes, if agreed, ultrasonic inspection shall be used to verify thatthe stfip/plate or the
pipe bpdy is free of laminar imperfections greater than those permitted by, ISO 10893-9:2011 acceptance level U2.

E.9 | Laminar imperfections along the strip/plate edges or pipe weld seam|of EW,
SAW and COW pipes

For EW, SAW and COW pipes, if agreed, ultrasonic inspection shall,bé_used to verify that the 15 mm (0.6
in) wide zone along each of the strip/plate edges or along each side~0f the pipe weld seam is ffee of laminar
imperfections greater than those permitted by

a) 1$0 10893-9:2011 acceptance level U2, if such inspection s done prior to pipe forming; or

b)

$0 10893-8:2011 acceptance level U2, if such inspeetion is done after seam welding.

E.10| Disposition of pipes containing defects

Pipes|containing defects shall be given one or-more of the following dispositions.

a) The defects shall be removed by grinding in accordance with Annex C.

b) The defective areas shall be repaired by welding in accordance with Annex C.

c) The sections of pipe containing defects shall be cut off within the applicable limits for length.
T

d) he entire pipe shallNbe’rejected.
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Annex F
(normative)

Requirements for couplings (PSL 1 only)

F.1 Material

F.1.1 FinisH
annex with re

F1.2 Coup

ed couplings shall meet the applicable requirements of PSL 1 for the grades specified/n this
pard to chemical composition, mechanical properties, and non-destructive inspectiont

ings for Grade L175, L175P, A25 and A25P pipe shall be seamless or welded;

F.1.3 Except as allowed by F.1.4, couplings for Grades L210, L245, A and B pipe shall-be seamless andl shall

be made of a

grade of material with mechanical properties equal to or greater than, that of the pipe.

F.1.4 If agr¢ed, welded couplings may be supplied on pipe with D > 355,6'mm (14.000 in), provided that the

couplings are

properly marked.

F.2 DimInsions

Couplings shall conform to the dimensions and tolerances given in Table F.1 and as shown in Figure F.A[
NOTE Colpling sizes in Table F.1 are suitable for pipe having dimensions as given in Tables 24 and 25.
F.3 Inspection

Couplings shall be free from blisters, pits, cinder marks and other imperfections that can impair the efficiency

of the couplin

g or break the continuity ofthethread.
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Table F.1 — Coupling dimensions, masses and tolerances

Coupling dimensions
Specified outside
diameter of pipe mm (in) Calculated
D Specified outside Specified Specified diameter | Specified width of coupling mass
diameter 2 minimum length of recess bearing face kg (Ib)
mm (in)
wb NP ob b
10,3 (0.405) 14,3 (0.563) 27,0 (1.063) 11,9 (0.468) 0,8 (0.031) 0,02 (0.04)
13,7 (0.540) 18,3 (0.719) 41,3 (1.625) 15,3 (0.603) 0,8 (0.031) 0,04 (0.09)
17,1 (0.675) 22,2 (0.875) 41,3 (1.625) 18,8 (0.738) 0,8 (0.031) 0,06 (0.13)
215(6-846) 276(+663) 54,6(2-125) 2279(6-863) +6(6-663) 0,11 (0.24)
26,7 (1.050) 33,4 (1.313) 54,0 (2.125) 28,3 (1.113) 1,6 (0.063) 0,15 (0.34)
38,4 (1.315) 40,0 (1.576) 66,7 (2.625) 35,0 (1.378) 2,4 (0.093) 0,25 (0.54)
43,2 (1.660) 52,2 (2.054) 69,8 (2.750) 43,8 (1.723) 2,4 (0.093) 0,47 (1.03)
48,3 (1.900) 55,9 (2.200) 69,8 (2.750) 49,9 (1.963) 2,4 (0.093) 0,41 (0.90)
60,3 (2.375) 73,0 (2.875) 73,0 (2.875) 62,7 (2.469) 372,(0.125) 0,84 (1.86)
73,0 (2.875) 85,7 (3.375) 104,8 (4.125) 75,4 (2.969) 4,8 (0.188) 1,48 (3.27)
88,9 (3.500) 101,6 (4.000) 108,0 (4.250) 91,3 (3.594) 4,8 (0.188) 1,86 (4.09)
10[1,6 (4.000) 117,5 (4.625) 111,1 (4.375) 104,0 (4.094) 4,8 (0.188) 2,69 (5.92)
114,3 (4.500) 132,1 (5.200) 114,3 (4.500) 116,7 (4,594) 6,4 (0.250) 3,45 (7.60)
141,3 (5.563) 159,9 (6.296) 117,5 (4.625) 143,7 (5:657) 6,4 (0.250) 4,53 (9.99)
16B,3 (6.625) 187,7 (7.390) 123,8 (4.875) 170,7-(6.719) 6,4 (0.250) b,87 (12.93)
21p,1 (8.625) 2445 (9.625) 133,4 (5.250) 221,5 (8.719) 6,4 (0.250) 10,52 (23.20)
273,1 (10.750) 298,4 (11.750) 146,0 (5.750) 275,4 (10.844) 9,5 (0.375) 14,32 (31.58)
323,9 (12.750) 355,6 (14.000) 155,6 (6.125) 326,2 (12.844) 9,5 (0.375) 22,37 (49.32)
35%,6 (14.000) 381,0 (15.000) 161,9 (6:375) 358,0 (14.094) 9,5 (0.375) 20,81 (45.88)
404,4 (16.000) 431,8 (17.000) 171,4-(6-750) 408,8 (16.094) 9,5 (0.375) 23,35 (55.89)
447 (18.000) 482,6 (19.000) 18150 (7.125) 459,6 (18.094) 9,5 (0.375) 30,20 (66.61)
508 (20.000) 533,4 (21.000) 193,7 (7.625) 510,4 (20.094) 9,5 (0.375) 36,03 (79.45)
a Tolerances for outside diameter of couplings are + 0,01 .
b These symbols have been retained dn the basis of their long-standing use by API in APl Spec 5L'71 and API Spec 5CTI[21 in sgite of the fact that
they arp not in accordance with the IS@-system of symbols.
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a  These sympbols have been retained on the basis of their long-standing Uge by APl in API Spec 5L and API Spec $CTI21]
in spite of the fact that they are not in accordance with the ISO system ‘ef\symbols.

Figure F1 — Line pipe.and coupling
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Annex G
(normative)

PSL 2 pipe with resistance to ductile fracture propagatio

183:2012(E)

n

G.1 General

G.1.1| This annex specifies additional provisions that apply for PSL 2 pipe that can be CVN imp4ct tested (see
Table £2) and is ordered with resistance in the pipe body to ductile fracture propagation in gas pipélines [see 7.2 c) 54)].
This ahnex also provides guidance on determining of CVN impact values for the arrest of ductile’pipe fractures.
NOTE(1 A combination of sufficient shear-fracture area and sufficient CVN absorbed engergy is an essgntial pipe-body
properfty to ensure the avoidance of brittle fracture propagation and the control of ductile fracture progagation in gas
pipelines (see 9.8.2.2).

NOTE|2 It is important that the user take all reasonable steps to ensure thatthe operating parameters, including gas
compgdsition and pressure, of any gas pipeline to which the requirements of this;annex apply are comparabje or consistent
with the test condition on which the respective guidance method was established. Application of the guiglance methods
to pipdline conditions outside of the validity of the respective method candesult in a non-conservative asgessment of the
resistgnce of the material to running fracture.

G.1.2| The guidance methods described in Clauses G.7.10°G.10 for determining the pipe body ¢VN absorbed
energy values necessary to control ductile fracture propagation in buried onshore gas pipelines,| originate and
are sypported by extensive theoretical and test work)conducted mainly, or exclusively, on welded line pipe.
If use|is made of these methods to determine the*CVN absorbed energy values required to ¢ontrol ductile
fractufe in seamless pipe, the user should exer¢ise caution with respect to the calculated values| obtained and
verificption by full-scale burst testing (see Clause G.11) may be required.

G.2 | Additional information'to be supplied by the purchaser

G.2.1| The purchase order shali'specify which of the following provisions apply for the specific grder item:

a) QVN minimum average’absorbed energy value (based on full-size test pieces) for each tesf or

b) QVN minimum/average absorbed energy value (based on full-size test pieces) for the orderfitem.

G.2.2| The purehase order shall also specify

a) the CVN impact test temperature,

b) the DWT test temperature [for D> 508 mm (20.000 in) only].

G.3 Acceptance criteria

G.3.1

fracture area shall be > 85 %, based upon the test temperature specified in the purchase order.

G.3.2

For each CVN impact test of the pipe body of pipe with D < 508 mm (20.000 in), the average shear

If the purchase order specifies provision G.2.1 a), the average (of a set of three test pieces) absorbed

energy for each pipe body test shall not be less than specified in the purchase order based on full-size test
pieces and the test temperature specified in the purchase order.
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G.3.3 If the purchase order specifies provision G.2.1 b), the average (of all tests performed on the order item)
absorbed energy for the order item shall not be less than specified in the purchase order based on full-size test pieces.

G.3.4 For each DWT test of the pipe body, the average shear fracture area shall be > 85 %, based upon the
test temperature specified in the purchase order.

NOTE The DWT test is customarily specified by users when ordering pipe for gas pipeline service. When the shear
area in the DWT test is > 85 %, the test provides assurance that the steel fractures in a predominantly ductile manner at
the test temperature. In order to determine the resistance of the line pipe to running fracture under service conditions, it is
important that the steel be assessed further using one of the guidance methods described in this annex within the limits of
its validity.

G.4 Test |frequency

G.4.1 For welded pipe with D < 508 mm (20.000 in), CVN testing of the pipe body shall beccarried out|at the
frequency given in Table 18.

G.4.2 For welded pipe with D > 508 mm (20.000 in), CVN and DWT testing of the _pipe body shall be garried
out at the frequency given in Table 18.

G.5 Pipe|markings and inspection documents

G.5.1 In addition to the pipe markings required in 11.2, the product*specification level designation shall be
followed by the letter “G” to indicate that Annex G applies.

G.5.2 In addition to the requirements of 10.1.3.2, the inspection document shall include
— the DWT|and CVN (as applicable) test temperature(s);
— the mini:]:um average absorbed CVN energy value for each test;

— the minimium average absorbed CVN gfiergy value for the order item.

W

G.6 Guidance for determining CVN absorbed energy values in buried onshors
gas pipelines

G.6.1 Clauses G.7 to G.1l déscribe five approaches that may be adopted for determining the pipe body CVN
absorbed endrgy values-te’control ductile fracture propagation in buried onshore gas pipelines. For each|of the
approaches, dletails coneerning the range of applicability are given.

NOTE It ig not'intended that this annex exclude other approaches being adopted by the designer of the pipeline.

G.6.2 The CVN absorbed energy value derived by the approaches described in Clauses G.7 to G.11, or a higher
value, can be specified either as a minimum value for each test or as a minimum average value for the order item.

NOTE 1 The predicted length of fracture propagation is longer if the derived CVN value is specified as a minimum
average absorbed energy value for the order item rather than as a minimum average absorbed energy value for each test.
See Reference [12] for additional information.

NOTE 2  The requirements herein were developed for buried onshore pipelines transporting lean gas. These
requirements can be conservative for buried offshore pipelines.
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EPRG guidelines — Approach 1

This approach is based upon the European Pipeline Research Group (EPRG) guidelines for fracture
arrest in gas transmission pipelines [10l. The applicability of this approach is limited to welded pipe. The values
given in Tables G.1, G.2 and G.3 are the minimum average (of a set of three test pieces) absorbed energy values
and are applicable for gas pipelines with operating pressures up to 8,0 MPa (1 160 psi), D <1430 mm (56.000 in)
and ¢t < 25,4 mm (1.000 in), conveying fluids that exhibit single-phase behaviour during sudden decompression.
The minimum full-size CVN absorbed energy values, Ky, expressed in joules (footepounds force), in those
tables are the greater of 40 J (for pipe grades < L555 or X80) or 80 J (for Grade L555 or X80) and the values

d using whichever of Equations (G.1) to (G.3) is applicable for the pipe grade:

a d

K

g
g
NOTE

The vg
derive

G.7.2
from t

fade < L4200 or Abo:

= C4 ><0'r1{5 xD%®

rades > L450 or X65 but < Grade L485 or X70:

\/ = C2 XO'I:I]’S XDO'S

rades > L.485 or X70 but < Grade L555 or X80:

1/3
2 (Dt
/= C3 XOh X(?\J

L is the design hoop stress, expressed in megapascals (kilo pounds per square inch);
is the specified outside diameter, expressed in millimetres (inches);
is the specified wall thickness, expressed in millimetres (inches);
4 is 2,67 x 10~4 for calculations using Sl units and 1,79 x 102 for calculations using USQ
b is 3,21 x 1074 for calculations using Sl units and 2,16 x 1072 for calculations using USQ
s is 3,57 x 1075 for.claldulations using Sl units and 1,08 x 1072 for calculations using US(
The values derived using Equation (G.1) are 0,75 times the values derived using Equation (G.5

lues derived using/Equation (G.2) are 0,9 times the values derived using Equation (G.5) in Approac
 using Equation (G.3) are identical to the values derived using Equation (G.4) in Approach 2.

For:the application of this approach, safety margins and length of fracture propagation
he EPRG report [11],

(G.1)
(G.2)
(G.3)

units;

units;

units.

in Approach 4.

h 4. The values

can be taken
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Table G.1 — Minimum CVN absorbed energy requirements for a design factor of 0,625

Full-size CVN absorbed energy, minimum
Specified outside Ky
diameter J (ft-1bf)
D Pipe grade
mm (in) >L2450rB >L290 or > L360 or > L415 or > L450 or > L1485 or
<12450rB | 101290 or X42 to X52 to X60 to X65 to X70 to
X42 L360 or X52 | L415 or X60 | L450 or X65 | L485 or X70 | L555 or X80
<508 (20.000) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 80 (59)
> 508 (20.00pP) to
510 (24.000) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 41 (30) 80 (59)
> 610 (24.00p) to
711 (28.000) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 45 (33) 80 (69)
> 711 (28.00p) to
813 (32.000) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 48.(35) 80 (59)
> 813 (32.00p) to
914 (36.0d0) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 51 (38) 80 (59)
> 914 (36.00p) to
1016 (40.0p0) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30 53 (39) 80 (69)
> 1016 (40.000) to
1118 (44.0po) 40 (30) 40 (30) 40 (30) 40 (30) 12/31) 56 (41) 82 (p0)
>1 118 (44.000) to
1219 (48.0p0) 40 (30) 40 (30) 40 (30) 40 (30) 43 (32) 58 (43) 87 (p4)
> 1219 (48.000) to
1 422 (56.0p0) 40 (30) 42 (31) 42 (31) 42°31) 47 (35) 63 (46) 96 (71)

Table G.2 — Minimum CVN absorbed energy requirements for a design factor of 0,72

Full-size CVN absorbed energy, minimum
- . K
Specified oytside v
diameter J (ft-1bf)
D Pipe grade
mm (in) >1£245 or > 1290 or > L360 or > L1415 or > L1450 or > L1485 or
<1245 or B Bto X42 to X52 to X60 to X65 to X7Q to
L290 or X42 | L360 or X52 | L415 or X60 | L450 or X65 | L485 or X70 | L555 qr X80
<508 (20.0p0) 40+30) 40 (30) 40 (30) 40 (30) 40 (30) 46 (34) 80 (p9)
> 508 (20.00p) to
610 (24.000) 40 (30) 40 (30) 40 (30) 40 (30) 40 (30) 50 (37) 80 (p9)
> 610 (24.00D) 16
711 (28.000] 40 (30) 40 (30) 40 (30) 40 (30) 41 (30) 55 (41) 80 (59)
> 711 (28.000) to
813 (32.000) 40 (30) 40 (30) 40 (30) 40 (30) 43 (32) 58 (43) 83 (61)
> 813 (32.000) to
914 (36.000) 40 (30) 40 (30) 40 (30) 41 (30) 46 (34) 62 (46) 90 (66)
> 914 (36.000)
0 1016 (40.000) 40 (30) 40 (30) 40 (30) 44 (32) 48 (35) 65 (48) 96 (71)
>1 016 (40.000) to
1118 (44.000) 40 (30) 40 (30) 40 (30) 46 (34) 51 (38) 68 (50) 102 (75)
>1 118 (44.000) to
1219 (48.000) 40 (30) 40 (30) 40 (30) 48 (35) 53 (39) 71 (52) 108 (80)
> 1219 (48.000) to
1422 (56.000) 40 (30) 42 (31) 42 (31) 51 (38) 57 (42) 77 (57) 120 (89)

112 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=d731a8aadb73857a81dda329502d67b2

ISO 3183:2012(E)

Table G.3 — Minimum CVN absorbed energy requirements for a design factor of 0,80

Full-size CVN absorbed energy, minimum

- . K
Specified outside v
diameter J (ft-Ibf)
D Pipe grade
mm (in) > L245 or > 1290 or > L360 or > L415 or > L450 or > 1485 or
<1245 0r B Bto X42 to X52 to X60 to X85 to X70 to
L290 or X42 | L360 or X52 | L4150r X60 | L450 or X65 | L485 or X70 | L555 or X80
<508 (20.000) 40 (30) 40 (30) 40 (30) 40 (30) 41 (30) 55 (41) 80 (59)
> 5p8 (20.000) to
d10 (24.000) 40 (30) 40 (30) 40 (30) 40 (30) 45 (33) 60 (44Y 84 (62)
> 610 (24.000) to
11 (28.000) 40 (30) 40 (30) 40 (30) 43 (32) 49 (36) 65/(48) 93 (69)
> 7[11 (28.000) to
13 (32.000) 40 (30) 40 (30) 40 (30) 46 (34) 52 (38) 68 (50) 102 (75)
> 813 (32.000)to
d14 (36.000) 40 (30) 40 (30) 40 (30) 49 (36) 55744 73 (54) 110 (81)
> 9[14 (36.000) to
1b16 (40.000) 40 (30) 40 (30) 42 (31) 52 (38) 58 (43) 77 (57) 118 (87)
> 1 P16 (40.000)to
118 (44.000) 40 (30) 40 (30) 44 (32) 54 (40) 61 (45) 81 (60) 125 (92)
> 1 118 (44.000) to
119 (48.000) 40 (30) 40 (30) 46 (34) 56'(41) 64 (47) 84 (62) 133 (98)
> 1 P19 (48.000)to
1 k22 (56.000) 40 (30) 42 (31) 49 (36) 61 (45) 69 (51) 91 (67) 148 (109)

G.8

Battelle simplified equation =~Approach 2

This gpproach uses the Battelle simplified-equation, which is based upon the Battelle two-curve approach (see

Claus
exhibi
or X8
(foote

K

whers

D

t

C3

Dt )1/ 3

2
=(Cy XORK X
\ 3 h(z

b G.9). The applicability of this approach is limited to welded pipe. It is suited for natural gas
f single-phase decompressijon‘behaviour at operating pressures up to 7,0 MPa (1 015 psi), grades < L555
D and 40 < D/t < 115. The minimum full-size CVN absorbed energy values, Ky, expres
pounds force), can be calculated as given in Equation (G.4):

oh is.the design hoop stress, expressed in megapascals (kilo pounds per square inch);

is the specified outside diameter, expressed in millimetres (inches);

is the specified wall thickness, expressed in millimetres (inches);

mixtures that

sed in joules

(G.4)

is 3,57 x 107° for calculations using Sl units and 1,08 x 1072 for calculations using USC units.

If the CVN absorbed energy value derived by this approach exceeds 100 J (74 ftelbf), based upon full-size
test pieces, the arrest toughness value requires correction. Specialist advice should be obtained to determine
such corrections.

G.9 Battelle two-curve method — Approach 3

This approach is based upon the Battelle two-curve method, which matches the fracture-speed curve (the driving
force) with the pipe toughness or resistance curve. When these two curves are tangent, the minimum level of
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fracture toughness for fracture arrest is defined. The Battelle two-curve method is described in Pipeline Research
Committee International (PRCI) Report 208, PR-3-9113 ['2], which also gives the range of test data against
which it was calibrated. The applicability of this method is limited to welded pipe. It is suited for fluids that exhibit
single-phase decompression behaviour and for rich gases that decompress into the two-phase boundary [13],
for operating pressures up to 12,0 MPa (1 740 psi), grades < L555 or X80 and 40 < D/t < 115. If the CVN
absorbed energy value derived by this method exceeds 100 J (74 ftelbf), based upon full-size test pieces, the
arrest toughness value requires correction. Specialist advice should be obtained to determine such corrections.

G.10 AISI

method — Approach 4

This approach is based upon the following equation, which was statistically fitted to the full-scale burst test data

by AISI[14] an
this approach
grades < L48
heaviest speg
welded pipe.
can be calcul

KV = C4
where

on isth

D isth

Cq is 3,

If the CVN absorbed energy value derived by this approach exceeds 100 J (74 ftelbf), based upon fu

test pieces, th

such correctipns.

d is suited for fluids that exhibit single-phase behaviour during decompression. The applica

is limited to the range of test data against which it was originally calibrated, approximatel
b or X70 and D <1 219 mm (48.000 in). Although wall thickness is not a factor in the‘equatig
ified wall thickness tested was 18,3 mm (0.720 in). The applicability of this approach is lim
['he minimum full-size CVN absorbed energy values, Ky, expressed in joules (fectepounds
bted as given in Equation (G.5):

G;’s X DO'5

b design hoop stress, expressed in megapascals (thousand\of pounds per square inch);
b specified outside diameter, expressed in millimetres((inches);

57 x 10~4 for calculations using Sl units and 2,4Qw 1072 for calculations using USC units.

e arrest toughness value requires correction. Specialist advice should be obtained to detq

G.11 Full-

This approac

cale burst testing — Approach 5

is based upon full-scale purst testing to validate the arrest toughness for a specific pi

design and fluid. Typically, a rangé ‘of pipe toughness is installed in the burst test section, with thg
toughness ingreasing on each side)of the test section as the distance from the fracture origin increase
CVN absorbgd energy needed-for arrest is established based upon the actual CVN absorbed energy
pipe in which| arrest is observed to occur. The pipeline-specific gas composition, temperature and prdg
level are used for the burst'test. Thus, it is the most general approach and is applicable for pipeline d{
that are outsifle the existing database of test results.

tion of
y pipe
n, the
ted to
force),

(G.5)

ll-size
rmine

peline
e pipe
5. The
of the
pssure
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ISO 3
Annex H
(normative)

PSL 2 pipe ordered for sour service

General

183:2012(E)

This aEnex specifies additional provisions that apply for PSL 2 pipe that is ordered for sour service [

ur service.

The consequences of sudden failures of metallic components used for the oilland gas produc

tHeir exposure to HzS-containing production fluids led to the development of NACE MR0175[20] an

ments and recommendations for materials qualification and selection for¢application in environm
S in oil and gas production systems. Carbon and low-alloy steels sele€ted using ISO 15156-2

all service conditions. Different service conditions can necessitate the alternative testing that
156-2:2009, Annex B, which specifies requirements for qualifying‘carbon and low-alloy steels for
ory testing.

e purchaser’s responsibility to select the carbon and-ow-alloy steels suitable for the inten
Additional information to be supplied by the purchaser

for the specific order item:

sfeel casting method for strip orplate used for the manufacture of welded pipe (see H.3.3.2

C

trasonic inspection of strip‘or/plate for laminar imperfections (see H.3.3.2.4);

n

ipply of helical-seam pipe containing coil/plate end welds (see H.3.3.2.5);

hemical composition for intermediate grades (see H.4.1.1);

O

nemical compasition for pipe with ¢ > 25,0 mm (0.984 in) (see H.4.1.2);

O

nemical-composition limits (see Table H.1, footnotes c, d, e, f, i, j and k);

frequency of hardness testing of the longitudinal seam weld of HFW or SAW pipe (see Tabl

ublication 16 [151. NACE MR0175/ISO 15156-1 and 1SO 15156-2[31] were developed using those soy

ition to items a) to g) as specified by 7.1;.the’purchase order shall indicate which of the follow

see 7.2 ¢) 55)).

ING — This annex shall not be applied to PSL 1 pipe as PSL 1 pipe is not considéred suitable

fion associated
H subsequently
rces to provide
ents containing
re resistant to

]:ne to cracking

s dealt with in
HoS service by

led service.

ing provisions

1);

W

H.3);

SSC test for manufacturing procedure qualification (see Table H.3);
alternative HIC/SWC test methods and associated acceptance criteria (see H.7.3.1.3);

photomicrographs of reportable HIC cracks (see H.7.3.1.4);

alternative SSC test methods and associated acceptance criteria for manufacturing procedure qualification

(see H.7.3.2.2);
deviation from hardness test (see H.7.3.3.2 and H.7.3.3.3);

deviation from 4 hardness impressions [see H.7.3.3.2 ¢)];

for pipe with > 5,0 mm (0.197 in), ultrasonic inspection for laminar imperfections within extended length of

100 mm (4.0 in) at the pipe ends (see K.2.1.3);
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o) supplementary end NDT lamination criteria (see K.2.1.3 and K.2.1.4);

p) magnetic particle inspection for laminar imperfections at each pipe end face/bevel (see K.2.1.4);

q) verification of lamination size/density (see K.3.2.2);

r) increased coverage for ultrasonic thickness measurements for SMLS pipe (see K.3.3);

s) application of one or more of the supplementary non-destructive inspection operations for SMLS pipe (see K.3.4);
t) supplementary SMLS NDT inspection (see K.3.4);

u) ultrasonic inspection of SMLS pipe for the detection of tranverse imperfections (see K.3.4.1);

v) full-body|inspection of SMLS pipe using the flux leakage method for the detection of longitudinal and
transverge imperfections (see K.3.4.2);

w) full-bodylinspection of SMLS pipe by the eddy current method (see K.3.4.3);
x) full-body|magnetic particle inspection of pipe (see K.3.4.4);
y) limitation|of individual lamination size to 100 mmZ2 (0.16 in2) (see Table K.1);

z) 1SO 10893-11:2011 acceptance level U2/U2H for non-destructive inspecCtion of the weld seam off HFW
pipe (seq K.4.1);

aa) alternate|lSO 10893-10 HFW weld seam UT acceptance criteria [see K.4.1 b)];

bb) ultrasoni¢ inspection of the pipe body of HFW pipe for laminarimperfections (see K.4.2);
cc) ultrasonig inspection of the strip/plate edges or areas adjacentto the weld for laminar imperfections (see K.4.3);
dd) non-destfuctive inspection of the pipe body of HFW pipe using the ultrasonic or flux leakage method (see K.4.4);
ee) suppleméntary non-destructive inspection (seeK.4.4);

ff) use of fixed depth notches for equipment standardization [see K.5.1.1 c)];

gg) radiographic inspection of pipe ends(nenh-inspected ends) and repaired areas [see K.5.3 a)];
hh) magnetiq particle inspection of the.weld seam at the pipe ends of SAW pipe (see K.5.4);

i) supplemgntary SAW NDT (see’K.5.4).

H.3 Mangfacturing

H.3.1  Manufacturing procedure

All pipes shallLlbe_manufactured in accordance with a mqnnf:mhlring prnnndurn that has been qnali ied in
accordance with Annex B, possibly supplemented with additional testing (see Table H.3).

H.3.2 Steel making

H.3.2.1 The steel shall be made to a clean steel practice using either the basic oxygen steel-making process
or the electric furnace process and shall be killed.

H.3.2.2 Vacuum degassing or alternative processes to reduce the gas content of the steel should be applied.

H.3.2.3 The molten steel shall be treated for inclusion shape control. A procedure (e.g. metallographic
examination) may be agreed between the purchaser and the manufacturer to assess the effectiveness of
inclusion shape control. For sulfur levels < 0,001 %, inclusion shape control may be waived by agreement.
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H.3.3 Pipe manufacturing

H.3.3.1 SMLS pipe

SMLS pipe shall be manufactured from continuously cast (strand cast) or ingot steel. If the process of cold
finishing was used, this shall be stated in the inspection document.

H.3.3.2 Welded pipe

H.3.3.2.1 Unless otherwise agreed, coil and plate used for the manufacture of welded pipe shall be rolled from
continuously cast (strand cast) or pressure cast slabs. The pipe shall he SAWI , SAWH or HEW

H.3.3]2.2 For HFW pipe, the abutting edges of the coil or plate should be sheared, filled| or machined
beforg welding.

H.3.3[2.3 Coil and plate used for the manufacture of welded pipe shall be inspectédyvisually aftenrolling. Visual
inspegtion of coil used for the manufacture of welded pipe may be either of the uficoiled strip or of the coil edges.

H.3.32.4 |If agreed for HFW pipe, such coil and plate shall be inspected ultrasonically for laminar|imperfections
or mechanical damage in accordance with Clause K.4, either before’\dr after cutting the coil of plate, or the
completed pipe shall be subjected to full-body inspection, including-ultrasonic inspection.

H.3.32.5 If agreed, helical-seam pipe made from coil/plate.;~and containing coil/plate end welds may be
delivefed, provided that such welds are located at least 300%hm from the pipe ends and have bgen subjected
to the|same non-destructive inspection required in Annex K for coil/plate edges and welds.

H.3.3[2.6 Intermittent tack welding of the SAWL or-SAWH groove shall not be used, unless the purchaser has
approjed data furnished by the manufacturer ta-demonstrate that all mechanical properties spgcified for the
pipe dre obtainable at both the tack weld and jntermediate positions.

H.3.3[3 Jointers

Jointelrs shall not be delivered, unless otherwise agreed.

NOTE It is the responsibility of the purchaser and the manufacturer to agree procedures for welding and qualification
tests for specific sour-serviegjointers.

H.4 | Acceptance criteria

H.4.1] Chemical composition

H.4.1 4—Forpipe-with-+<25,0-mm-(0-984-in)the-chemical-compesitionfor-standard-grades-shall be as given
in Table H.1 and the chemical composition for intermediate grades shall be as agreed, but consistent with those
given for the standard grades in Table H.1. The pipe designation shall be as given in Table H.1 and consists of
an alpha or alphanumeric designation that identifies the grade, followed by a suffix that consists of a letter (N,

Q or M) that identifies the delivery condition and a second letter (S) that identifies the service condition.

H.4.1.2. For pipe with 7>25,0 mm (0.984 in), the chemical composition shall be as agreed, with the requirements
given in Table H.1 being amended as appropriate.
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Table H.1 — Chemical composition for pipe with < 25,0 mm (0.984 in)

Mass fraction, based upon heat and product analyses qu?vr:lz:t a
Steel grade max‘;/r?num %
maximum
co | si [mno| p | s | v | No| Ti |othered | cEsw | CEpem
SMLS and welded pipes
L245NS or BNS 0,14 0,40 1,35 0,020 | 0,003¢ f f 0,04 9 0,36 0,190
L290NS or X42NS 0,14 0,40 1,35 0,020 | 0,003¢ | 0,05 | 0,05 0,04 — 0,36 0,19h
L320NS or X46NS 0,14 0,40 1,40 0,020 | 0,003¢® | 0,07 | 0,05 0,04 9 0,38 0,20h
L360NS or X52NS 0,16 0,45 1,65 0,020 | 0,003¢ | 0,10 0,05 0,04 9 0,43 0|22h
L245QS or BQS 0,14 0,40 1,35 0,020 | 0,003 | 0,04 | 0,04 0,04 — 0,34 oj19h
L290QS or X42QS 0,14 0,40 1,35 0,020 | 0,003¢ | 0,04 | 0,04 0,04 — 0,34 oj19h
L320QS or X46QS 0,15 0,45 1,40 0,020 | 0,003¢ | 0,05 | 0,05 0,04 — 0,36 0j20h
L360QS or X52QS 0,16 0,45 1,65 0,020 | 0,003¢ | 0,07 | 0,05 0,04 9 0,39 0l20h
L390QS or X56QS 0,16 0,45 1,65 0,020 | 0,003¢ | 0,07 | 0,05 0,04 g 0,40 0j21h
L415QS or X60QS 0,16 0,45 1,65 0,020 | 0,003¢ | 0,08 | 0,05 0,04 9.k 0,41 0|22h
L450QS or X65QS 0,16 0,45 1,65 0,020 | 0,003¢€ | 0,09 | 0,05 0,06 9.k 0,42 0j22h
L485QS or X70QS 0,16 0,45 1,65 0,020 | 0,003¢ | 0,09 | 0,05 0,06 9.k 0,42 0l22h
Welded pipe

L245MS or BM$ 0,10 0,40 1,25 0,020 | 0,002¢ | 0,04 | 0,04 0,04 — — 19
L290MS or X42MS 0,10 0,40 1,25 0,020 | 0,002¢ | 0,04~[-0,04 0,04 — — 19
L320MS or X4MS 0,10 0,45 1,35 0,020 | 0,002¢€ | 005" | 0,05 0,04 — — q,20
L360MS or X52MS 0,10 0,45 1,45 0,020 | 0,002¢.420,05 | 0,06 0,04 — — 4,20
L390MS or X5qMS 0,10 0,45 1,45 0,020 | 0,002¢ | 0,06 | 0,08 0,04 9 — 0,21
L415MS or X60MS 0,10 0,45 1,45 0,020 (. 0,002¢ | 0,08 | 0,08 0,06 g — ,21
L450MS or X69MS 0,10 0,45 1,60 0,020.:~0,002¢ | 0,10 0,08 0,06 9.l — Q.22
L485MS or X7QMS 0,10 0,45 1,60 0,020° | 0,002¢ | 0,10 0,08 0,06 9.l — Q.22
a Based upon|product analysis (see 9.2.4 and 9.2.5). The\GEw limits apply if C > 0,12 % and the CEpcm limits apply if C < 0,12 %.
b For each reduction of 0,01 % below the specified-maximum for C, an increase of 0,05 % above the specified maximum for Mn is permissiblg, up to
a maximum incregse of 0,20 %.
¢ Altotal < 0,060 %; N < 0,012 %; Al/N > 2:4 (not applicable to titanium-killed or titanium-treated steel); Cu < 0,35 % (if agreed, Cu < 0,10 %); Ni <
0,30 %; Cr < 0,30{%; Mo < 0,15 %; B < 0,000.5%!
g 006F:/)r welded pipe where calcium issintentionally added, unless otherwise agreed, Ca/S > 1,5 if S > 0,001 5 %. For SMLS and welded pipep, Ca <
€ The maximym limit for S may_ be increased to < 0,008 % for SMLS pipe and, if agreed, to < 0,006 % for welded pipe. For such higher S Ig¢vels in
welded pipe, lowdr Ca/S ratios,may be agreed.
f Unless othefwise agreed, Nb + V < 0,06 %.
9 Nb +V + Ti § 045 %.
h For SMLS plgethelisted CEpcrrvalue-rmay-be- d-by 003

i If agreed, Mo < 0,35 %.
i If agreed, Cr < 0,45 %.
k If agreed, Cr < 0,45 % and Ni < 0,50 %.

H.4.2 Tensile properties

H.4.2.1 The tensile properties shall be as given in Table H.2.
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Table H.2 — Requirements for the results of tensile tests

Weld seam
Pipe body of SMLS and welded pipes of HFW and
SAW pipes
Elongation Tensile
i Yield strength @ Tensile strength @ (on 50 mm c
Pipe steel grade Ratio P or 2in) strength
Rto,5 Rm R
MPa (psi MPa (psi Rio,5/Rm A "
a (psi) a (psi) % MPa (psi)
minimum maximum minimum maximum maximum minimum minimum
::gjgz g ‘;’; ggg 245 4504 415 655 0.93 . 415
d )
L245M1S or BMS (35500) (65 300) (60 200) (95 000) (60 200)
oo | o [ we [ owe [ [ O
L290NIS or X42MS (42 100) (71 800) (60 200) (95 000) (60 200)
o | w0 | ows | e [ s | e
L320MIS or X46MS (46 400) (76 100) (63 100) (95 000) (63 100)
e | o | e | a [ g |
L360|\fIS or X52MS (52 200) (76 900) (66 700) (110 200) (66 700)
L390$S or X56QS 390 545 490 760 093 e 490
L390NIS or X56MS (56 600) (79 000) (71 100) (110-200) ’ (71 100)
L415QS or X60QS 415 565 520 760 093 e 520
L415MS or X60MS (60 200) (81 900) (75 400) (110 200) ’ (75 400)
L450QS or X65QS 450 600 535 760 093 e 535
L450NIS or X65MS (65 300) (87 000) (77-600) (110 200) ’ (77 600)
L485QS or X70QS 485 635 570 760 093 e 570
L485NIS or X70MS (70 300) (92 100) (82 700) (110 200) ’ (82 700)

a Fpr intermediate grades, the difference between the Specified maximum yield strength and the specified minimum yield strengtH
in the thble for the next higher grade, and the difference between the specified minimum tensile strength and the specified minimum
be as diven in the table for the next higher grade. For intermediate grades, the tensile strength shall be <760 MPa (110 200 psi).

b This limit applies for pipe with D > 323,9 nifn{(12.750 in).

¢ Fpr intermediate grades, the specified minimum tensile strength for the weld seam shall be the same value as was determined
using fpotnote a.

d Fpr pipe requiring longitudinaltesting, the maximum yield strength shall be < 495 MPa (71 800 psi).

e The specified minimum elongation, 4r, on 50 mm or 2 in, expressed in percent and rounded to the nearest percent, shall be as
the follpwing equation:

_ XC
As = CUO'g

C is % 940 for calculations using S| units and 625 000 for calculations using USC units;

65 mmZ2 (0.10 in2) for 6,4 mm (0.250 in) diameter test pieces;
outside diameter and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);

the test piece and the specified wall thickness of the pipe, rounded to the nearest 10 mm2 (0.01 in2);

U is the specified minimum tensile strength, expressed in megapascals (pounds per square inch).

ield strength shall

for the pipe body

determined using

— for circular cross-section test pieces, 130 mm2 (0.20 in2 for 12,7 mm (0.500 in) and 8,9 mm (0.350 in) diameter test pieces; and
— for full-section test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the specified

— for strip test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the specified width of

shall be as given

© 1SO 2012 — All rights reserved
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H.4.3 HIC/SWC test

The test for evaluation of resistance to hydrogen-induced cracking shall meet the following acceptance criteria,
with each ratio being the maximum permissible average for three sections per test specimen when tested in
Solution (Environment) A (see ISO 15156-2:2009, Table B.3):

a) crack sensitivity ratio (CSR) <2 %;
b) crack length ratio (CLR) <15 %;
¢) crack thickness ratio (CTR) <5 %.

If HIC/SWC tg Fre—fred £33 0 H Hee—Eone itions,
alternative acfceptance criteria may be agreed.

H.4.4 Handness test

For test pieces subjected to a hardness test (see H.7.3), the hardness in the pipe body, the;weld and HAZ shall
be <250 HV1[0 or 22 HRC (70,6 HR 15N).

If agreed by the end user and if the specified wall thickness is greater than 9 mm,\the maximum acceptable
hardness measured on indents in the row that is 1,5 mm from the OD pipe surfacé)(see Figure H.1) | shdll be <
275 HV10 or 26 HRC (73,0 HR 15N).

NOTE 1 ISP 15156-2 provides further guidance to the end user. Requirements for the alternative hardness limits|for the
weld cap in ISQ 15156-2 include that the weld cap not be exposed directly to the sour environment.

NOTE 2  The test is performed using the Vickers hardness test or using'the Rockwell HR 15N indenter and, where the
latter is used, 4 conversion of hardness values can be made to RockwellC scale, if required.

H.4.5 SSC test

After removal|of the SSC test specimens (see H.7.3.2).from the test medium, the specimen surface preyiously
under tension shall be examined under a low-power-microscope at X10 magnification. The occurrence pf any
surface brealing fissures or cracks on the tension surface of the test specimen shall constitute failure|of the
specimen unlgss it can be demonstrated that.these are not the result of sulfide stress cracking.

H.5 Surface conditions, imperfections and defects

H.5.1 Surfage imperfections,-0ther than undercuts in SAW pipe, disclosed by visual inspection sHall be
investigated, ¢lassified and/treated as follows.

a) Imperfections thatthave a depth < 0,05 ¢ and do not encroach on the minimum permissible wall thigkness
shall be ¢lassified as acceptable imperfections and treated in accordance with Clause C.1.

NOTE There-is a possibility of special requirements for disposition of surface imperfections being specified in the
purchase orderifthepipeissubsequentty to beToated:

b) Imperfections that have a depth > 0,05 ¢ and do not encroach on the minimum permissible wall thickness
shall be classified as defects and shall be treated in accordance with Clause C.2, C.3 b) or C.3 c¢).

c) Imperfections that encroach on the minimum permissible wall thickness shall be classified as defects and
treated in accordance with C.3 b) or C.3 c).

H.5.2 For welded pipe, any hard spot larger than 50 mm (2.0 in) in any direction shall be classified as a defect
if its hardness, based upon individual indentations, exceeds

a) 250 HV10, 22 HRC or 240 HBW on the internal surface of the pipe or repair to internal seam weld bead, or
b) 275 HV10, 27 HRC or 260 HBW on the external surface of the pipe or repair to external seam weld bead.
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Pipes that contain such defects shall be treated in accordance with C.3 b) or C.3 c).

H.6 Weld flash of HFW pipe

The inside flash shall not extend above the contour of the pipe by more than 0,3 mm (0.012 in) + 0,05 .

H.7 Inspection

H.7.1  Specific inspection

The frequency of inspection shall be as given in Table 18, except as specifically modified in Table H.3.

Table H.3 — Inspection frequency

No Type of inspection Type of pipe Frequency of insplection

Once per test unit of not mpre than
100 lengths of pipe with th¢ same cold-
expansion ratio @

Hardness testing of pipe with D < 508 mm SMLS, HFW, SAWL or
(20.000 in) SAWH

Hardness testing of pipe with D > 508 mm SMLS, HFW, SAWL or dgoe per test unit of not mpre than

2 (20.000 in) SAWH 50 Ieng.ths of plge with the|same cold-
expansion ratio
3 Hardness testing of hard spots in welded HEW. SAWL or SAWH Each hard spot found on the internal or

pipe external surface of the pipé¢

If agreed, hardness testing of the
4 |[Jongitudinal or helical-seam weld of welded | HFW, SAWL or SAWH | As specified in the purchage order

pipe

5 Pipe diameter and out-of-roundness for SMLS, HFW, SAWL or | Once per test unit of not mpre than
pipe with D < 168,3 mm (6.625 in) SAWH 100 lengths of pipe

6 Pipe diameter and out-of-roundness for SMLS, HFW, SAWL or | Once per test unit of not mpre than
pipe with D > 168,3 mm (6.625 in) SAWH 20 lengths of pipe

7 | Non-destructive inspection ;IZ\AVI;/?-I HFW, SAWL or In accordance with Annex K

One test for each of the firgt three heats
applied; thereafter, not les$ than one
test per each ten heats of gteel

SMLS, HFW, SAWL or

8 |HIC test SAWH

SMLS, HFW, SAWL or | One test for each pipe proyided for

9 ||fagreed, SSC test SAWH manufacturing procedure qualification

2@  The cold-expansion ratio is designated by the manufacturer and is derived using the designated before-expansion outside
diameger or circumference and the after-expansion outside diameter or circumference. An increase or decrease in the|cold-expansion
ratio gf more than, ©/002 requires the creation of a new test unit.

H.7.2—Samplesand-testpieces formechanicaland-technotogical-tests ———

H.7.2.1 General

H.7.2.1.1 For tensile tests, CVN impact tests, DWT tests, guided bend tests, flattening tests, hardness
tests, HIC tests, bead on pipe tests, bead on plate tests and SSC tests, the samples shall be taken, and the
corresponding test pieces shall be prepared, in accordance with the applicable reference standard.

H.7.2.1.2 Samples and test pieces for the various types of test shall be taken from locations as shown in
Figures 5 and 6 and as given in Table H.4, taking into account the supplementary details in 10.2.3.2 to 10.2.3.7,
10.2.4 and H.7.2.2 to H.7.2.4.
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H.7.2.2 Samples for HIC/SWC tests

Samples for HIC/SWC tests shall be taken in accordance with NACE TM0284.

H.7.2.3 Samples and test pieces for SSC tests

H.7.2.3.1 Three test pieces shall be taken from each pipe sample.

H.7.2.3.2 Unless agreed otherwise, test pieces for four-point bending SSC tests shall be >

115 mm

(4.5 in) long x 15 mm (0.59 in) wide x 5 mm (0.20 in) thick. For welded pipe, the test piece shall contain the

longitudinal o
to the weld s4g
to the pipe b
samples shall

H.7.2.4 Samples for hardness tests

Samples for
shall contain

Table H

r helical-seam weld in the middle of the tested area and the test piece shall be oriented tran

verse

am [Figure 5 b) and c), key item 1)]. For seamless pipe, the sample shall be oriented lonqit
bdy [Figure 5 a), key item 1)]. If agreed, samples may be flattened. Unless otherwise. a
be machined from the inside surface of the pipe.

ardness tests shall be taken from the end of selected pipes and, for welded pipe, each s
h section of the longitudinal or helical seam at its centre (see FigureH:1).

.4 — Number, orientation and location of test pieces persample for hardness tests

udinal
jreed,

ample

Number, orientation and location of test pieces
per sample @
Type ¢f pipe Sample location Specified outDside diameter
mm (in)
<508 (20.000) > 508 (20.000)

SMLS P [seq Figure 5 a)] Pipe body 1T 1T

SAWL [see|Figure 5 b)] Seam weld 1w 1iwe
SAWH [see|Figure 5 c)] Seam weld 1w 1w
SAWH [see|Figure 5 c)] Coil/plate endweld 1WS 1WS

HFW [see Figure 5 b)] Seam weld 1w 1w

a8  See Figurd 5 for an explanation of the symbols used to designate orientation and location.

b Applies forlboth cold-expanded and-nmon-expanded SMLS pipe.

¢ For doublefseam pipe, both longitudinal weld seams in the pipe selected to represent the test unit shall be tested.

H.7.3 Tesft methods

H.7.3.1 HIC/SWC test

H.7.3.1.1 HIC/SWC tests shall be carried out and reported in accordance with NACE TM0284.

H.7.3.1.2 Except as allowed by H.7.3.1.3, HIC/SWC tests shall be conducted in a medium complying with
NACE TM0284:2011, Solution A.

H.7.3.1.3 If agreed, HIC/SWC tests may be conducted

in an alternative medium (see ISO 15156-2:2009, Table B.3), including NACE TM0284:2011, Solution B;

with a partial pressure of H2S appropriate to the intended application; and

with acceptance criteria that are equal to or more stringent than those specified in H.4.3.
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H.7.3.1.4 Values of crack-length ratio, crack-thickness ratio and crack-sensitivity ratio shall be reported. If
agreed, photographs of any reportable crack shall be provided with the report.

H.7.3.

H.7.3.

2 SSC test

2.1 Except as allowed by H.7.3.2.2, SSC tests shall be performed as follows:

International Standard.

The test method solution control shall be in accordance with NACE TMO0177:2005, Method C.
The test piece shall be as defined in either ISO 7539-2, ASTM G39 or subclause H.7.2.3.3 of this

T

T

Excep
streng

NOTE
neces

he test solution shall be Solution A as defined in NACE TM0177:2005.
he test duration shall be 720 h.

t as allowed by H.7.3.2.2, the test pieces shall be stressed to 0,72 times the specified n
th of the pipe.

The use of an applied stress equal to 0,72 times the specified minimum yi€ld strength in the S
barily provide sufficient technical justification that the material has been pre-qualified for all sour servi

For further advice on prequalification, refer to ISO 15156-2.

H.7.3/

appro
Table
with th

H.7.3/

H.7.3/
ISO6

2.2 If agreed, alternative SSC test methods, alternative environments (including a partial pr
briate for the intended application) and associated acceptanee criteria may be used (see ISO 1
B.1). If such tests are used, full details of the test environment and conditions shall be rep
e test results.

3 Hardness test

3.1 Hardness testing on parent metal-shall be performed using the Vickers test in ac

of dispute, the Vickers method shall apply.

Hardn
For pi
limit
readin
readin

NOTE
latter i

H.7.3]

ess testing on the HAZ and-weld shall be carried out in accordance with ISO 6507-1 or A

be body tests and parent metal tests, individual hardness readings exceeding the applicab
hay be considered aceeptable if the average of a minimum of three and maximum of
gs taken within close proximity does not exceed the applicable acceptance limit, and if no s
g exceeds the @cceptance limit by more than 10 HV10 units or 2 HRC units, whichever is

The testis performed using the Vickers hardness test or using the Rockwell HR 15N indenter
b used, a‘conversion of hardness values can be made to Rockwell C scale if required.

3¢2-, Hardness test locations for SMLS pipe shall be as shown in Figure H.1 a), except tha

ninimum yield

C test does not
Ce applications.

essure of HpS
5156-2:20009,
brted together

tordance with

b07-1 or ASTM E384 or using Rockwelltest HR 15N in accordance with ISO 6508-1 or ASTM E18. In case

bTM E384.

e acceptance
six additional
uch individual
applicable.

and, where the

a)

b)

surface traverses; and

<)

for pipe with < 4,0 mm (0.156 in), it is necessary to carry out only the mid-thickness traverse;

for pipe with 4,0 mm (0.156 in) < < 6 mm (0.236 in), it is necessary to carry out only the inside and outside

if agreed, three impressions at each through-thickness location shown in Figure H.1 a) are acceptable.

H.7.3.3.3 Hardness test locations for welded pipe shall include the weld cross-section. Indentations shall be made
in the parent metal, in the visible HAZ and at the weld centreline, as shown in Figure H.1 b) and c), except that

a)

b)

surface traverses; and

© 1SO 2012 — All rights reserved
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c) if agreed, the distance from the weld line of the indentations into the parent metal may be less than shown
in Figure H.1 ¢), provided these indentations remain located in the parent metal.

H.7.4 Non-destructive inspection

For non-destructive inspection, see H.3.3.2.3 to H.3.3.2.5 and Annex K.

H.7.5 HIC/SWC retests

In the event that a set of HIC/SWC test specimens fail to meet the acceptance criteria, provision for retesting
shall be agreed by purchaser and manufacturer. If applicable, reprocessing shall be as defined in 10.2.11.

H.8 Pipelmarkings

In addition to fthe pipe markings required in 11.2, the pipe markings shall include an identificationr number that
permits the correlation of the product or delivery unit with the related inspection document.

Only pipe conforming to the requirements of this International Standard for PSL 2 togethef with the supplementary
requirements|of Annex H may be marked as complying with this standard and carry_the letter “S” within the
grade name tp indicate that the pipe is intended for sour service.

Pipes meeting requirements of both Annexes H and J shall be marked with both grade name suffix markjngs S
and O (e.g. Xp2MS/X52MO or L360MS/L360MO).

Dimensions in millimetres (inches)

a) SMLS pipe

Figure H1 — Location of hardness tests (continued overleafr)
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Dimensions in millimetres (inches)

b) SAW pipe

10 (0.4)
15 (0.6)
20 (0.8)

c) HFW pipe
Weld centreline.
0,75 mm (0.03 in) from fusion line.

[o 2 ]

(9]

1 ¢t from fusion line.
d 1,0 mm (0.04 in) spacing in visible HAZ.
€ From inside and outside surfaces.

Figure H.1 — Location of hardness tests
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1.1

This annex s(

.2  Addi

The purchass
a) typeofle

b) supply of

1.3
TFL pipe shal

and grades g

.4 Leng

Unless othery

.5  Drift

1.5.1 Each
conforming tg
prevent saggi

1.5.2 Thel
mandrel shall

Annex |
(normative)

Pipe ordered as “Through the Flowline” (TFL) pipe

General

ecifies additional provisions that apply for pipe that is ordered as TFL pipe [see 7.2 c) 54)]

tional information to be supplied by the purchaser
r order shall indicate which of the following provisions apply for the specifictorder item:
ngth (see 1.4);

jointers (see 1.4).

Dime¢nsions and grades

be SMLS or longitudinal seam pipe in the specified outside diameters, specified wall thickn
ven in Table 1.1.

ths and jointers

vise agreed, TFL pipe shall be furnished-in 12 m (40 ft) random lengths with no jointers.

test

length of TFL pipe shall\be tested throughout its entire length with a cylindrical drift m
the dimensions given_in Table 1.2. During the drift test, the pipe shall be properly suppo
hg and shall be free .6 all foreign matter.

bading edge ‘ef-the drift mandrel shall be rounded to permit easy entry into the pipe. Th
pass freely, through the pipe with a reasonable exerted force appropriate for the mass of t

mandrel being used forthe test.

1.6

Hydrostatic test

eSSes

andrel
ted to

e drift
e drift

Each length of TFL pipe shall be hydrostatically tested in accordance with the requirements of 9.4, except that

the minimum

NOTE
using Equation

17  Pipe

test pressures shall be as given in Table I.1.

(6), using a hoop stress, S, equal to 80 % of the specified minimum yield strength of the pipe.

markings

The test pressures given in Table I.1 represent the lesser of 68,9 MPa (9 990 psi) or the pressures derived

In addition to the pipe markings required in 11.2, the product specification level designation shall be followed

by the letter “I

126

” to indicate that Annex | applies.
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Table 1.1 — Dimensions, masses per unit length and test pressures for TFL pipe

Specified outside Specified wall Calculated inside Mass per unit Hydrostatic test

diameter thickness diameter length pressure
D t d Grade o (minimum)

mm (in) mm (in) mm (in) kg/m (Ib/ft) MPa (psi)
60,3 (2.375) 4,8 (0.188) 50,7 (1.999) L390 or X56 6,57 (4.40) 49,2 (7 140)
73,0 (2.875) 11,1 (0.438) 50,8 (1.999) L390 or X56 16,94 (11.41) 68,9 (9 990)
73,0 (2.875) 5,5 (0.216) 62,0 (2.443) L390 or X56 9,16 (6.14) 46,5 (6 740)
88,9 (3.500) 13,5 (0.530) 61,9 (2.440) L390 or X56 25,10 (16.83) 68,9 (9 990)
10640667 +9;1+0-756) 6374(2-500) tA445or X606 38;86(26-06) 68,9 (9 990)
101,6 (4.000) 12,7 (0.500) 76,2 (3.000) L290 or X42 27,84 (18.71) 57,9 (8 400)
101,6 (4.000) 12,7 (0.500) 76,2 (3.000) L415 or X60 27,84 (18.71) 68,9 (9 990)
101,6 (4.000) 6,4 (0.250) 88,8 (3.500) L485 or X70 15,02 (10.02) 48,6 (7 050)
114,3 (4.500) 19,1 (0.750) 66,1 (3.000) L360 or X52 44,84 (30,07 68,9 (9 990)
114,3 (4.500) 7,1 (0.281) 100,1 (3.938) L485 or X70 18,77(12.67) 48,0 (6 960)

Table 1.2 — Drift mandrel dimensions

Specified outside diameter of the pipe

Mandrel dimensions

D mm (in)
mm (in) Length Diameter
< 88,9 (3.500) 1066 (42) d—-2,4(0.093)
> 88,9 (3.500) 1066 (42) d - 3,2 (0.125)

NOTE

d is the calculated inside diameter of the pipe (see Table I.1).

© 1SO 2012 — All rights reserved
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J.1

This annex sp

NOTE Th
reeling or for p
additional testi
requirements g

J.2

The purchass

a)

b)

Annex J
(normative)

PSL 2 pipe ordered for offshore service

General

Additional information to be supplied by the purchaser

steel cas
ultrasoni
supply of
chemical
chemical

carbon e
(see Tab

chemical
acceptan

for gradsg
agreed (9

minimum|

diameter

bcifies additional provisions that apply for PSL 2 pipe that is ordered for offshore service [see 7.2

pe that will experience high (> 0,5 %) total, single event strain during installation. For such”applic|
ng can be necessary to prove the suitability of the pipe and the purchaser might needto supplem
f this International Standard with other appropriate provisions (e.g. see DNV-OS-F101 [6]),

order shall indicate which of the following provisions apply for.thé specific order item:
ling method for strip or plate used for the manufacture of welded pipe (see J.3.3.2.1);
L inspection of strip or plate for laminar imperfections (see J.3.3.2.4);

helical-seam pipe containing coil/plate end welds, (see J.3.3.2.5);

composition for intermediate grades (see J.4\\1);

composition for pipe with ¢ > 25,0 mm (0.984 in) (see J.4.1.2);

huivalent limit for steel Grade L555Q0O or X80QO, L625Q0 or X90QO, and L690QO or X1
e J.1);

composition limits (see Table J.1, footnote d);

s equal to or greater than Grade L555 or X80, a lower maximum tensile strength limit n
ee Table J.2, footnote b);

average dength other than 12,1 m (39.7 ft) and/or different range (see J.6.3);

and out-of-roundness tolerances for SMLS pipe with > 25,0 mm (0.984 in) (see Table J.3, footn

ce criteria for tensile properties if determined at other than room temperature (see J.4.2.2};

E) 57)].

s annex does not include requirements for specialized tests for pipe intended for applications'such @s pipe

ations,
ent the

00QO

ay be

ote b);

use of ing

ide/diameter to determine diameter and out-of-roundness tolerances for non expanded pip

e with

D> 2191

mm (8.625 in) (see Table J.3, footnote c);

CTOD testing (see J.8.2.2 and Table J.6);

hardness testing of pipe body for SMLS pipe (see J.8, Table J.7);

hardness test of the pipe body seam weld and HAZ of EW and SAW pipe (see Table J.7);

use of the ring expansion test for transverse yield strength determinations [see Table J.7, footnote c)];

additional longitudinal tensile testing for deep-water pipelay [see Table J.7, footnote d)];

deviation

deviation

from location of hardness test [J.8.3.2.2 c)];

from hardness test [see J.8.3.2.2 c) and J.8.3.2.3];
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t)  for pipe with 7> 5,0 mm (0.197 in), ultrasonic inspection for laminar imperfections within extended length of
100 mm (4.0 in) at the pipe ends (see K.2.1.3);

u) supplementary end NDT lamination criteria (see K.2.1.3 and K.2.1.4);

v) magnetic particle inspection for laminar imperfections at each pipe end face/bevel (see K.2.1.4);

w) verification of lamination size/density (see K.3.2.2);

X) ultrasonic inspection to verify conformance with the applicable requirements given in Table K.1 (see K.3.2.2);

y) increased coverage for ultrasonic thickness measurements for SMLS pipe (see K.3.3);

bplication of one or more of the supplementary non-destructive inspection operations forSIMLS pipe (see
.3.4);

Q0

aa) sppplementary SMLS NDT inspection (see K.3.4);
bb) ultrasonic inspection of SMLS pipe for the detection of tranverse imperfections, (see K.3.4.1);

cc) full-body inspection of SMLS pipe using the flux leakage method for the“detection of longitudinal and
transverse imperfections (see K.3.4.2);

dd) fyll-body inspection of SMLS pipe by the eddy current method (s€€ K.3.4.3);
ee) fyll-body magnetic particle inspection of pipe (see K.3.4.4);

ff) 1$0 10893-11:2011 acceptance level U2/U2H for non-destructive inspection of the weld geam of HFW
plpe (see K.4.1);

gg) alternate ISO 10893-10 HFW weld seam UT aceeptance criteria [see K.4.1 b)];

hh) ultrasonic inspection of the pipe body of HEW pipe for laminar imperfections (see K.4.2);
i)
)

C

trasonic inspection of the strip/plate edges or areas adjacent to the weld for laminar imperfections (see K.4.3);

bn-destructive inspection of the pipe body of HFW pipe using the ultrasonic or flux-leakage¢ method (see
4.4);

= 5

[72]

kk) stipplementary non-destructive inspection (see K.4.4);

ll) upe of fixed-depth notehes for equipment standardization [see K.5.1.1 ¢)];
mm)radiographic inspettion of the pipe ends (non-inspected pipe ends) and repaired areas [seg| K.5.3 a)];
nn) magnetic pacticle inspection of the weld seam at the pipe ends of SAW pipe (see K.5.4);

00)

n

ipplementary SAW NDT (see K.5.4);

pp) for'Grades L625Q0 or X90QO, and L690QO or X100QO, a lower Rig 5/Ry (see Table J.2).

J.3 Manufacturing

J.3.1  Manufacturing procedure

All pipes shall be manufactured in accordance with a manufacturing procedure that has been qualified in
accordance with Annex B, possibly supplemented with additional testing (see Table J.7).

J.3.2  Steel making

The steel shall be made to a clean steel practice, using either the basic oxygen steel-making process or the
electric furnace steel-making process and shall be killed.
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J.3.3  Pip

J.3.3.1

e manufacturing

SMLS pipe

SMLS pipe shall be manufactured from continuously (strand) cast or ingot steel. If the process of cold finishing
is used, this shall be stated in the inspection document or mill certificate.

J.3.3.2 Wel

J.3.3.21
continuously

ded pipe

strand) cast or pressure cast slabs. The pipe shall be SAWI , SAWH or HEW

Unless otherwise agreed, coil and plate used for the manufacture of welded pipe shall be rolled from

J.3.3.2.2 Fdr HFW pipe, the abutting edges of the coil or plate should be sheared, milled or machined shortly
before welding.
J.3.3.2.3 Caqil and plate used for the manufacture of welded pipe shall be inspected visuallyafter rolling. Misual

inspection of

J.3.3.24 If3
damage in ac
be subjected

J.3.3.25
delivered, prg
subjected to {

J.3.3.2.6
data furnishe
obtainable at

J.3.3.3 Jointers

Jointers shall

NOTE Iti
tests for specifi

Intermittent tack welding of the SAWL groove shall not be used, unless the purchaser has apy

greed, such coil and plate shall be inspected ultrasonically for laminarimperfections or mech
cordance with Annex K, either before or after cutting the coil or.plate, or the completed pip
o full-body inspection, including ultrasonic inspection.

vided that such welds are located at least 300 mm frer the pipe end and such welds havs
he same non-destructive inspection that is required in Annex K for coil/plate edges and wel

j by the manufacturer to demonstrate that“all mechanical properties specified for the pif
both the tack weld and intermediate positions.

not be delivered unless otherwise agreed.

b the responsibility of the purchaser and manufacturer to agree procedures for welding and qualif
c offshore service jointers.

oil used for the manufacture of welded pipe may be either of the uncoiled §trip or of the coil ¢dges.

anical
e shall

If agreed, for helical-seam pipe made from coil or plate, pipe containing coil/plate end welds may be

been
ds.

roved
be are

ication

J.4 Acceptance criteria
J.4.1 Chémical.composition
J.4.1.1 For bipe-with-+<25;0-mm-{(0-984-in)the-chemical-compesition-for-standard-grades-shal-be-as given

in Table J.1 and the chemical composition for intermediate grades shall be as agreed, but consistent with those
given for the standard grades in Table J.1. The pipe designation shall be as given in Table J.1 and consists of
an alpha or alphanumeric designation that identifies the steel grade, followed by a suffix that consists of a letter
(N, Q or M) that identifies the delivery condition and a second letter (O) that identifies the service condition.

J.4.1.2 For pipe with>25,0 mm (0.984 in), the chemical composition shall be as agreed, with the requirements
given in Table J.1 being amended as appropriate.
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Table J1 — Chemical composition for pipe with ¢ < 25,0 mm (0.984 in)

Mass fraction, based upon heat and product analyses qu?\:lz:ta
Steel grade (maxoi/znum) (max‘imum)
%o
co | si | Mo | p | s | v | No | Ti |otherc| cEw | CEpom
SMLS and welded pipes
L245N0O or BNO 0,14 0,40 1,35 0,020 0,010 d d 0,04 ef 0,36 0,199
L290NOor X42NO 0,14 0,40 1,35 0,020 0,010 0,05 0,05 0,04 f 0,36 0,199
L320NO or X46NO 0,14 0,40 1,40 0,020 0,010 0,07 0,05 0,04 ef ,38 0,209
L360NO or X52NO 0,16 0,45 1,65 0,020 0,010 0,10 0,05 0,04 e 43 0,229
L245Q0 or BQO 0,14 0,40 1,35 0,020 0,010 0,04 0,04 0,04 f ,34 0,199
L290QO0O or X42Q0 0,14 0,40 1,35 0,020 0,010 0,04 0,04 0,04 f ,34 0,199
L320QO0 or X46Q0 0,15 0,45 1,40 0,020 0,010 0,05 0,05 0,04 f ,36 0,209
L360Q0O or X52Q0 0,16 0,45 1,65 0,020 0,010 0,07 0,05 0,04 eh ,39 0,209
L390QO or X56Q0 0,16 0,45 1,65 0,020 0,010 0,07 0,05 0,04 eh ,40 0,219
L415Q0 or X60Q0 0,16 0,45 1,65 0,020 0,010 0,08 0,05 0,04 eh A1 0,229
L450Q0 or X65Q0 0,16 0,45 1,65 0,020 0,010 0,09 0,05 0,06 eh 42 0,229
L485Q0 or X70Q0 0,17 0,45 1,75 0,020 0,010 0,10 0,05 0,06 eh 42 0,239
L555Q0 or X80QO 0,17 0,45 1,85 0,020 0,010 0,90 0,06 0,06 eh as agreed
L625Q0 or X90QO 0,14 0,45 1,85 0,020 0,010 0,10 0,06 0,06 e as agreed
L690Q0O or X100Q0 0,14 0,45 1,85 0,020 0,010 0,10 0,06 0,06 e as agreed
Welded pipe

L245NIO or BMO 0,12 0,40 1,25 0,020 0,010 0,04 0,04 0,04 f — 0,19
L290NIO or X42MO 0,12 0,40 1,35 0,020 0,010 0,04 0,04 0,04 f — 0,19
L320NIO or X46MO 0,12 0,45 1,35 0,020 0,010 0,05 0,05 0,04 f — 0,20
L360NIO or X52MO 0,12 0,45 1,65 0,020 0,010 0,05 0,05 0,04 eh — 0,20
L390NIO or X56MO 0,12 0,45 1,65 0,020 0,010 0,06 0,08 0,04 eh — 0,21
L415MO or X60MO 0,12 0,45 1,65 0,020 0,010 0,08 0,08 0,06 eh — 0,21
L450NIO or X65MO 0,12 0,45 1,65 0,020 0,010 0,10 0,08 0,06 eh — 0,22
L485NIO or X70MO 0,12 0,45 1,75 0,020 0,010 0,10 0,08 0,06 eh — 0,22
L555NIO or X80MO 0,12 0,45 1,85 0,020 0,010 0,10 0,08 0,06 eh — 0,24
a Bpsed upon producianalysis (see 9.2.4 and 9.2.5). The CEjjw limits apply if C > 0,12 % and the CEpcm limits apply if C < 0,12 %.
b Fpr each reduction.6f0,01 % below the specified maximum for C, an increase of 0,05 % above the specified maximum for Mn ispermissible, up to
a maxifnum increase of 0,20 %, but up to a maximum of 2,20 % for grades > L625 or X90.
¢ Altotal < 05060 %; N < 0,012 %; AI/N > 2:1 (not applicable to titanium-killed steel or titanium-treated steel).
d Uhless otherwise agreed, Nb + V < 0,06 %.

e Nb————H<-56-45-%-

f Cu <0,35 %; Ni<0,30 %; Cr<0,30 %; Mo <0,10 %; B < 0,000 5 %.
9 For SMLS pipe, the listed value of CEpcm is increased by 0,03 percentage points, up to a maximum of 0,25 %.

h Cu<0,50 %; Ni<0,50 %; Cr<0,50 %; Mo <0,50 %; B <0,0005 %.

i Cu <0,50 %; Ni<0,60 %; Cr<0,55 %; Mo <0,80 %; B<0,0005 %.
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J.4.2 Tensile properties

J4.21 The

tensile properties shall be as given in Table J.2.

J.4.2.2 If additional tensile properties are required to be determined at other than room temperature, the
acceptance criteria shall be as agreed.

J.4.3 Hardness test

For test pieces subjected to a hardness test (see J.8.3.2), the hardness in the pipe body, weld and HAZ shall be

a) <270 H\
b) <300 HV
c) <325H\

10 or < 25 HRC for grades < L450 or X65;
10 or < 30 HRC for grades > L450 or X65 and < L555 or X80;
10 or < 33 HRC for grades > L555 or X80.

J.5 Surface conditions, imperfections and defects

Surface impe
shall be inveg|

a) Imperfec
shall be q

NOTE

[fections, other than undercuts in SAW pipe and arc burns in any’pipe, found by visual insp,
tigated, classified and treated as follows.

ions that have a depth < 0,05 ¢ and do not encroach on the*minimum permissible wall thid
lassified as acceptable imperfections and treated in accordance with Clause C.1.

There is a possibility of special requirements for disposition of surface imperfections being spec

the purchase order if the pipe is subsequently to be coated.

b) Imperfec
shall be q

c) Imperfec
treated in

ions that have a depth > 0,05 ¢ and do not-encroach on the minimum permissible wall thig
lassified as defects and shall be treated inaccordance with Clause C.2 or Clause C.3.

ions that encroach on the minimum permissible wall thickness shall be classified as defec|
accordance with Clause C.3.

ection

kness

fied in

kness

s and
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Table J.2 —Requirements for the results of tensile tests

calcuITed value shall be rounded to the nearest 5 MPa. For USC units, the calculated value shall be rounded to the nearest 100 psi.
b Iflagreed, for pipe in grades equal to or greater than Grade L555 or X8Q, more stringent maximum tensile strength limits may ap
¢ This limit applies for pipe with D > 323,9 mm (12.750 in).

d Fpr intermediate grades, the specified minimum tensile strengtffor the weld seam shall be the same value as was determined
using fpotnote a.

e Fpr pipe requiring longitudinal testing the yield strength.shall be < 495 MPa (71 800 psi).

followipg equation:

02
AXC
09

U
where

C is 1 940 for calculations-uSjng S| units and 625 000 for calculations using USC units;
Akc is the applicable tensile test piece cross-sectional area, expressed in square millimetres (square inches), as follows:

— for circular croSs-section test pieces, 130 mm?2 (0.20 in2) for 12,7 mm (0.500 in) and 8,9 mm (0.350 in) diamete
65 mm2 (0.10;i02) for 6,4 mm (0.250 in) diameter test pieces;

outside diameter and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);

Weld seam
Pipe body of SMLS and welded pipes of HFW and
SAW pipes
. Yield strength @ Tensile strength 2 Ratio @° Elongation Tensile
Pipe grade (on 50 mm or 2 in) strength d
Ri0,5 Rm Rt0,5/Rm Af Rm
MPa (psi) MPa (psi) % MPa (psi)
minimum maximum minimum maximum maximum minimum minimum
L245N0O or BNO L245Q0 245 450¢ 415 655 093 f 415
or BQO L245MO or BMO (35 500) (65300)°© (60 200) (95 000) ’ (60 200)
L2000 or X4200 290 495 415 655 003 f 415
L290MO or X42MO (42 100) (71 800) (60 200) (95 000) (60 200)
L5200b or x4600 320 520 435 655 063 i 435
L320Mb or X46MO (46 400) (75 000) (63 100) (95 000) (63 100)
L3600b or X5200 360 525 460 760 093 f 460
L360MO or X52MO (52 200) (76 000) (66 700) (110 200) (66 700)
L390QP or X56Q0 390 540 490 760 093 f 490
L390MO or X56MO (56 600) (78 300) (71 100) (110 200) ’ (71 100)
a Fpr intermediate grades, the difference between the specified maximum yield strength ahndthe specified minimum yield strength shall be as given
in the thble for the next higher grade, and the difference between the specified minimum tefisile*Strength and the specified minimum yfield strength shall
be as given in the table for the next higher grade. For intermediate grades up to Grade k320 or X46, the tensile strength shall be <|655 MPa (95 000
psi). FqQr intermediate grades greater than Grade L320 or X46 and less than Grade L5560 or X80, the tensile strength shall be <760 NPa (110 200 psi).
For int¢rmediate grades higher than Grade L555 or X80, the maximum permissible tensile strength shall be obtained by interpolation. For S units, the

f The specified minimum elongation, 4, on 50 mm (2°ig),"expressed in percent and rounded to the nearest percent, shall be as determined using the

— forfull-section test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived uping the specified

=2

y.

for the pipe body

test pieces; and

2., for strip test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the
the test piece and the specified wall thickness of the pipe, rounded to the nearest 10 mm2 (0.01 in2);

specified width of

U is the specified minimum tensile strength, expressed in megapascals (pounds per square inch).
9 For grades > L625Q0 or X90QO, Rpo,2 applies.
h Lower Rio,5/Rm ratio values may be specified by agreement for L625 or X90.

i For grades > L625 or X90, Rpo,2/Rm applies. Lower Rpo,2/Rm ratio values may be specified by agreement.
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Table J.2 —Requirements for the results of tensile tests (continued)

Weld seam
Pipe body of SMLS and welded pipes of HFW and
SAW pipes
. Yield strength @ Tensile strength @ Ratio @.¢ Elongation Tensile
Pipe grade (on 50 mm or 2 in) strength d
Ri0,5 Rm Rt0,5/Rm Af Rm
MPa (psi) MPa (psi) % MPa (psi)
minimum maximum minimum maximum maximum minimum minimum
L415Q0 or X60Q0O 415 565 520 760 093 f 520
L415MO or X60MO (60 200) (81 900) (75 400) (110 200) ’ (75 400)
L450Q0 or X65 450 570 535, #50 093 ' =P
L450MO or X65MO (65 300) (82 700) (77 600) (110 200) ’ (77 400)
L485Q0 or X70QP 485 605 570 760 093 f 570
L485MO or X70MO (70 300) (87 700) (82 700) (110 200) ’ (82 700)
L555Q0 or X80QP© 555 675 625 825 093 f 625
L555MO or X80MO (80 500) (97 900) (90 600) (119 700) ® ’ (90 400)
625 745 695 895 h f |
L625Q0 or X90QP (90 600) (108 000) (100 800) (129 800) b 0.97
6909 8109 760 960 i f
L690QO or X100Q0 (100 100) 9 (117 500) 9 (110 200) (139 200) b 0.97 |

a For intermediate grades, the difference between the specified maximum yield strength and the specified mirimum yield strength shall be afs given
in the table for thgd next higher grade, and the difference between the specified minimum tensile strength and{the specified minimum yield streng}h shall
be as given in thq table for the next higher grade. For intermediate grades up to Grade L320 or X46 the ténsile strength shall be < 655 MPa (95 000
psi). For intermedjate grades greater than Grade L320 or X46 and less than Grade L550 or X80, the tefisile strength shall be <760 MPa (110 2D0 psi).
For intermediate grades higher than Grade L555 or X80, the maximum permissible tensile strength shall be obtained by interpolation. For Sl urjits, the
calculated value ghall be rounded to the nearest 5 MPa. For USC units, the calculated value shéihbe rounded to the nearest 100 psi.

b If agreed, fof pipe in grades equal to or greater than Grade L555 or X80, more stringentamaximum tensile strength limits may apply.
¢ This limit applies for pipe with D > 323,9 mm (12.750 in).

d For intermediate grades, the specified minimum tensile strength for the weld §eam shall be the same value as was determined for the pige body
using footnote a.

€ For pipe reqpiring longitudinal testing the yield strength shall be < 495,MPa (71 800 psi).
f The specified minimum elongation, 45, on 50 mm (2 in), expresseddnpercent and rounded to the nearest percent, shall be as determined uging the

following equatior):

o2

4
4; = C—F-

q9

where
C is 1 940 for calculations using S| units”and 625 000 for calculations using USC units;
Axc is the gpplicable tensile test piece‘efoss-sectional area, expressed in square millimetres (square inches), as follows:

— fof circular cross-section.tést pieces, 130 mm?2 (0.20 in2) for 12,7 mm (0.500 in) and 8,9 mm (0.350 in) diameter test piecgs; and
65 mn}2 (0.10 in2) for 6,4 mm,(0.250 in) diameter test pieces;

— for full-section tesfpi€ces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the sgecified
outsidp diameter add the specified wall thickness of the pipe, rounded to the nearest 10 mm2 (0.01 in2);

— forl strip test pieces, the lesser of 485 mm?2 (0.75 in2) or the cross-sectional area of the test piece, derived using the specified Width of
the tegt piege and the specified wall thickness of the pipe, rounded to the nearest 10 mm?2 (0.01 in2);

U is the gpecified minimum tensile strength, expressed in megapascals (pounds per square inch).

9 For grades > L625Q0 or X90QO, Rpo,2 applies.
Lower Rito,5/Rm ratio values may be specified by agreement for L625 or X90.

i For grades > L625 or X90, Rpo,2/Rm applies. Lower Rpo,2/Rm ratio values may be specified by agreement.
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J.6 Tolerances for diameter, wall thickness, length and straightness

J.6.1 Except as allowed by C.2.3, the diameter and out-of-roundness shall be within the tolerances given
in Table J.3.

J.6.2 The wall thickness shall be within the tolerances given in Table J.4.

J.6.3 Unless otherwise agreed, the minimum average length of pipe shall be 12,1 m (39.7 ft). If requested by
the purchaser, the pipe manufacturer shall confirm the maximum average length of pipe to be supplied per order

item.
11,70
were {
NOTE
‘S-lay’
A mini
accordg
and th

J.6.4
a) T
b) T

nless otherwise agreed, the actual length of each pipe (end tface to end face) shall lie wi
m (38.4 ft) to 12,70 m (41.7 ft). Subject to approval by the purchaser, pipes from which.th§
aken may be delivered as short lengths.

The minimum average length of 12,1 m (39.7 ft) is based upon the optimum lengths for hand
barges in operation at the time of preparing this International Standard and could)change in the
mum average length of 12,1 m (39.7 ft) is not necessarily optimum for deepwater~J-lay’ practicd

ing to the J-lay’ system used. It is, therefore, the responsibility of the purchaserito-agree with both th
b pipe-lay contractor the length range to be supplied.

The tolerances for straightness shall be as follows.
he total deviation from a straight line over the entire pipe length shall be < 0,15 % of the pi

he local deviation from a straightline in the 1,0 m (3.0 ft) portion at each pipe end shallbe < 3,0

hin the range
test samples

ling on several
course of time.
e and can vary
e manufacturer

be length.

mm (0.120in).
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Table J.3 — Tolerances for diameter and out-of-roundness

Specified outside Diameter tolerances d Out-of-roundness tolerances
diameter mm (in) mm (in)
D Pipe except the end @ Pipe end @.b.c Pipe except Pipe end a.bc
. a
mm (in) SMLS pipe Welded pipe SMLS pipe Welded pipe the end
<60,3 (2.375) 0,9 (0.036) 0,6 (0.024)
0,015 D for 0,01 D for
+0,5 (0.020) D D
—<75; —<75;
Oirrgf L(;?;/OiOL); o;viughoe?;fug £05(0020)ar+0005D ; ;
> 60,3 (2.375)[to L whichever is the greater, but
610 (24.000 whichever is the | the greater, but )
(24. greater maximum of maximum of + 1,6 (0.063) by agreement | by adgreément
+3,2 (0.125)

for2>75 for2>75
t t

0,040 0,007 $ D
but maximum of | but maxinjum of
10,(044), for 8 (0.3),|for
+0,005 D, but D D
10 (24. ’ ’ — <75 ; — <75 ;
> 610 (24.000} to +0,01 D maximum of +2,0(0.079) +1,6 (0.063) t t
1422 (56.000) +4.0 (0.160)
by agreement by agreement
D D
for —>75 for — > 75
t t
> 1422 (56.090) as agreed

a The pipe en{l includes a length of 100 mm (4.0 in) at each of the pipe extremitjes:

b For SMLS pjpe, the tolerances apply for 1 < 25,0 mm (0.984 in) and the tolerances for heavier wall pipe shall be as agreed.

¢ For expandgd pipe with D > 219,1 mm (8.625 in) and for non-expanded pipe, the diameter tolerance and the out-of-roundness toleranfe may

be determined usjng the calculated inside diameter (the specified outside.diameter minus two times the specified wall thickness) or measureq inside
diameter rather tian the specified outside diameter (see 10.2.8.3).

d For determi

ing compliance to diameter tolerances, the pipe_diameter is defined as the circumference of the pipe in any circumferentidl plane
divided by Pi.
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Table J.4 — Tolerances for wall thickness

Wall thickness Tolerances @
t
mm (in) mm (in)
SMLS pipe
+ 0,6 (0.024
<4,0(0.157) _05 50.020;
4,0 (0.457) to < 10,0 (0.394) _+00%12%tt
10,0 (0.394) to < 25,0 (0.984) t 8152 ;

+ 3,7 (0.146) or + 0,1 ¢, whichevér)is-the g
> 25,0 (0.984)

reater b

—3,0(0.120) or— 0,1 #, whighever is the gfeater P

HFW pipe ¢d
<6,0(0.236) +(0,4 (0.016)
> 6,0 (0.236) to 15,0 (0.591) 0,7 (0.028)
> 15,0 (0.591) +1,0(0.039)

SAW pipe ¢d
<6,0(0.236) + 0,5 (0.020)
> 6,0 (0.236) to 10,0 (0.394) +0,7 (0.028)
> 10,0 (0.394) to 20,0 (0.787) +1,0 (0.039)
+1,5(0.060)

> 20,0 (0.787)

-1,0(0.039)

a Ifthe purchase order specifies a minus tolerance for wall thickness smaller than the applicable value given in this table, the plug
thickngss shall be increased by an amount sufficient to maintain theyapplicable tolerance range.

0,
b Fpr pipe with D > 355,6 mm (14.000 in) and ¢ > 25,0 mnT (0.984 in), the tolerance is t]%gég .

[

—

he plus tolerance for wall thickness does not apply to the weld area.

d Ske 9.13.2 and J.7.2 for additional restrictions.

tolerance for wall

J.7 | Tolerances for'the weld seam

J.71 Radial offset of strip/plate edges

For HFW pipegthe radial offset of the strip/plate edges [see Figure 4 a)] shall not cause the r|
thickness at the weld to be less than the minimum permissible wall thickness.

For SAW-pipe, the inside and outside radial offsets of the strip/plate edges [see Figure 4 b)] sh

1 ol ! H H o Y | [
the a PHLAuIC vaiuT yivelm It Tauic J. J.

Table J.5 — Maximum permissible radial offset for SAW pipe

Specified wall thickness Maximum permissible radial offset @
t
mm (in) mm (in)
<13,0 (0.512) 1,3 (0.051)
> 13,0 (0.512) to 20,0 (0.787) 0,11¢
> 20,0 (0.787) 2,0 (0.079)
a8  These limits apply also to strip/plate end welds.

© 1SO 2012 — All rights reserved

emaining wall

all not exceed

137


https://standardsiso.com/api/?name=d731a8aadb73857a81dda329502d67b2

ISO 3183:2012(E)

J.7.2

Weld flash of HFW pipe

The inside flash shall not extend above the contour of the pipe by more than 0,3 mm (0.012 in) + 0,05 +.

J.8

J.8.1

Inspection

Specific inspection

The frequency of inspection shall be as given in Table 18, except as specifically modified in Table J.6.

Table J-6—Inspectionfrequeney—

(4.500 in) and specified wall thickness
as given in Table 22

No Type of inspection Type of pipe Frequency of inspeetion
Tensile testing of the pipe body of pipe Once per test unit of not.mare thar
1 with 2p < 508 mm (20.000 in) SMLS, HFW, or SAW 100 Ien_gths o_f palpe with.the same pold-
expansion ratio
Tensile testing of the pipe body of pipe Once per test unit of not more thar
2 with 2 > 508 mm (20.000 in) SMLS, HFW, or SAW 50 Ieng.ths of plge with the same cpld-
expansion,ratio
:]—zlr::' Ieistgztr:%vgrdﬂlﬁ‘ wgl%létédrl)ri]:l;?/\r/ith Oncefper test unit of not more thar
3 219.1|mm (8.625 in) < D < 508 mm HFW, or SAW QSOJﬁZ%t:s;ac:ifoglge with the same fold-
(20.00 in) P
Tensile testing of the longitudinal or Once per test unit of not more thar
4 helicgl-seam weld of welded pipe with HFW, or SAW 50 lengths of pipe with the same cpld-
D >5p8 mm (20.000 in) expansion ratio2b.c
Tensile testing of the coil/plate end At least once per 50 coil/plate end
5 weld pf SAW pipe with D >219,1 mm SAWH welds from pipe with the same colgl
(8.62% in) expansion ratio@p.d
(C))f\/pl}lp;nvp\)/ﬁﬁt:ﬁténgq;f Ezesgl(;)iensgdy Once per test unit of not more thar
6 D < 5P8 mm (20.000 in) and specified SMLS, HFW, or SAW 100 Iengths of p;lpe with the same pold-
. . . expansion ratio
wall thickness as given in Table 22
CVN |mpact testing of the pipe body of Once per test unit of not more thar
7 pipe _Ylth D> 50§ mm (20.0Q0 |n).and SMLS, HEW. or SAW 50 lengths of pipe from the same
specified wall thickness as given in heat of steel and with the same cold-
Table|22 expansion ratio?
CVN |mpact testing of the-longitudinal
or helical-seam weldofwelded pipe Once per test unit of not more thar
8 with 114,3 mm (4.500:in) < D <508 mm | HFW, or SAW 100 lengths of pipe with the same fold-
(20.090 in) and<specified wall thickness expansion ratio?.P
as giyen in Table 22
CVN |mpact'testing of the longitudinal
or helical’seam weld of welded pipe Once per test unit of not more thar
9 with D > 508 mm (20.000 in) and HFW, or SAW 50 lengths of with the same cold-
specified wall thickness as given in expansion ratio®b.
Table 22
CVN impact testing of the coil/plate end .
. . At least once per 50 coil/plate end
10 weld of welded pipe with D > 114,3 mm SAWH welds from pipe with the same cold

expansion ratio@p.d

2  The cold-expansion ratio is designated by the manufacturer and is derived using the designated before-expansion outside
diameter or circumference and the after-expansion outside diameter or circumference. An increase or decrease in the cold-expansion
ratio of more than 0,002 requires the creation of a new test unit.

b In addition, pipe produced by each welding machine shall be tested at least once per week.
¢ For double-seam pipe, both longitudinal weld seams in the pipe selected to represent the test unit shall be tested.

d  Applies only to finished helical-seam pipe containing coil/plate end welds.
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Table J.6 (continued)

diame
ratio g

b

¢ F
d A

No Type of inspection Type of pipe Frequency of inspection
If agreed, hardness testing of pipe body
1" and of the longitudinal or helical-seam HFW, SAW, or SMLS As agreed
weld and HAZ of welded pipe
Pipe diameter and out-of-roundness for Once per test unit of not more than
121 pipe with D < 168,3 mm (6.625 in) SMLS, HFW, or SAW 100 lengths of pipe
Pipe diameter and out-of-roundness for Once per test unit of not more than
13| pipe with D > 168,3 mm (6.625 in) SMLS, HFW, or SAW 20 lengths of pipe
14 Non-destructive inspection SMLS, HFW, or SAW In accordance with Annex K
If agreed, for information purposes only, . .
15 | | CTOD test for pipe in grades > L360 or | SAW Once; for manufacturjagigrocedure
X52 qualification only
2  The cold-expansion ratio is designated by the manufacturer and is derived using the designated_before-expansion outside

er or circumference and the after-expansion outside diameter or circumference. An increase orideerease in the
f more than 0,002 requires the creation of a new test unit.

addition, pipe produced by each welding machine shall be tested at least once per week!

pplies only to finished helical-seam pipe containing coil/plate end welds.

br double-seam pipe, both longitudinal weld seams in the pipe selected to representithe test unit shall be tested.

cold-expansion

J.8.2

J.8.2,

J.8.2.
on-pig
accor

J.8.2.
and 6
J.8.2.

J.8.2,

Test {
accor

J.8.2,

Samples and test pieces for mechanical and technological tests
| General

1.1 For tensile tests, CVN impact tests, guided-bend tests, hardness tests, bead-on-plat
e tests and CTOD tests, the samples shall be taken and the corresponding test piece
lance with the applicable reference standard.

1.2 Samples and test pieces forthe'various test types shall be taken from locations as show
and as given in Table J.7, taking into account the supplementary details in 10.2.3.2 to 10
P and J.8.2.3.

P Test pieces for CTOD tests

ieces shall bectaken from the weld metal, the HAZ and the parent metal and shall b
Hance with 1ISO-12135, ASTM E1290, or BS 7448-1.

B Samples for hardness tests

e tests, bead-
5 prepared in

nin Figures 5
2.3.7,10.2.4,

e prepared in

Samp

es-for hardness tests shall be taken from the end of selected pipes and, for welded pipe,

each sample

h ” ¢ P ' £ 4l 1 H A H l ool 1 P 4 L = L4l
shall contatmasecuonor e 1ot giuuiriat vt richnidalr stTdlll at 1to LCTIUT (STT T'Tyultc J. 1T U).
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Table J.7 — Number, orientation and location of test pieces per sample for mechanical tests

Number, orientation and location of test pieces

per sample @

Specified outside diameter

ASTM A370.

Type of pipe Sample location Type of test D
mm (in)
>219,1 (8.625) to
<219,1 (8.625) < 508 (20.000) > 508 (20.000)
i b
SMLS, not Tensile 1L 1L 1L
cold-expanded Pipe body CVN 3T 3T 3T
[see Figure S a Hardness 1T 1T 1T
Tensile 1Lb 1TC 1TC
SMLS, cold-expanded Pipe body CUN 3T 3T 3T
[see Figure 5 a
Hardness 1T 17T 1T
Tensile 1L90°P 1T180 ¢.d 17180 ¢ff
Pipe body
CVN 3T90 3T90 3T90
Tensile — W 1w
HFW [see Figufle 5 b)]
Seam weld CVN 3W 3w 3w
Hardness 1w 1w 1w
Pipe body and weld Flattening As shown in Figure 6
Tensile 1L90b 17180 ¢d 17180 cf
Pipe body
CVN 3T90 3T90 3T90
SAWL Tensile — i\ 1we
[see Figure 5 b CVN 3Wand 3HAZ 3W and 3HAZ 3weand 3HAZ ©
Seam weld
Guided-bend 2W 2W 2wWe
Hardness 1w 1w iwe
Tensile 1Lb 1T¢ 1T¢
Pipe body
CVN 3T 3T 3T
Jensile — 1w 1w
CVN 3W and 3HAZ 3W and 3HAZ 3W and 3HAZ
Seam weld
SAWH Guided-bend 2W 2W 2W
[see Figure 5 ¢ Hardness 1W 1W W
Tensile — 1WS 1WS
Stripiplate end CVN 3WS and 3HAZ 3WS and 3HAZ 3WS and 3HAZ
weld Guided-bend 2WS 2WS 2WS
Hardness 1WS 1WS 1WS
a See Figure § for‘an explanation of the symbols used to designate orientation and location.
b Full-section Jongitudinal test pieces may be used at the option of the manufacturer.

e For double-seam pipe, both longitudinal weld seams in the pipe selected to represent the test unit shall be tested.

c If agreed, annular test pieces may be used for the determination of transverse yield strength by the hydraulic ring expansion test in accordance with

d For deep-water pipelay, additional longitudinal tests can be specified, with the requirements and test frequency being as agreed.

J.8.3 Test methods

J.8.3.1 CTOD test

CTOD tests shall be carried out in accordance with ISO 12135 or ASTM E1290, or BS 7448-1. The test
temperature shall be as stated in the purchase order.
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J.8.3.2 Hardness test

J.8.3.2.1 Hardness testing on the parent metal shall be performed using the Vickers test in accordance with
ISO 6507-1 or ASTM E384 or using the Rockwell test HR15N in accordance with ISO 6508-1 or ASTM E18. In
case of dispute, the Vickers method shall apply.

Hardness testing on the HAZ and weld shall be carried out using the Vickers test in accordance with ISO 6507-1
or ASTM E384.

For pipe body tests and parent metal tests, individual hardness readings exceeding the applicable acceptance
limit may be considered acceptable if the average of a minimum of three and maximum of six additional

inas-takanwithin claca nravimity daas nat axcaed the annlicahla accantanca limit and na o i Vi
readingstaken-within-close-proximity-dees-net d-the-app acceptancetimit—andn ch individual

oot

readir]g exceeds the acceptance limit by more than 10 HV10 units or 2 HRC units, whicheveris applicable.

Dimensions in millimetres (inches)

a) SMLS pipe

Figure J.1 — Location of hardness tests (continued overlear)
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Dimensions in millimetres (inches)

b) SAW pipe

Weld centreline.
0,75 mm (0.03 in) from fusion line.
1 ¢t from fusion line.

[ 2 ]

(o]

d 1,0 mm (0.04 in) spacing in visible HAZ.

€  From inside and outside surfaces.

Figure J.1 — Location of hardness tests
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c) HFW pipe
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J.8.3.2.2 Hardness test locations for SMLS pipe shall be as shown in Figure J.1 a), except that

183:2012(E)

a) for pipe with 1 < 4,0 mm (0.156 in), it is necessary to carry out only the mid-thickness traverse;

b) for pipe with 4,0 mm (0.156 in) < ¢ <6 mm (0.236 in), it is necessary to carry out only the inside and outside
surface traverses;

c) if agreed, three impressions at each through-thickness location shown in Figure J.1 a) are acceptable.

J.8.3.2.3 Hardness locations shall include the weld cross-section. Indentations shall be made in the parent
metal, in the visible HAZ and at the weld centreline, as shown in Figure J.1 b) or Figure J.1 c), except that

a) fq

b) fdq

S
if
f

c)

J.8.4

For ng

J.9

In add
permi

Only
requir,
grade

Pipes
and Q

r pipe with 7 < 4,0 mm (0.156 in), it is necessary to carry out only the mid-thickness travers

r pipe with 4,0 mm (0.156 in) <7< 6 mm (0.236 in), it is necessary to carry out only the.insid
irface traverses;

agreed, the distance from the weld line of the indentations into the parent metal may be les
Figure J.1.c) provided that these indentations remain located in the parent metal.

Non-destructive inspection

n-destructive inspection, see Clause J.2 and Annex K.

Pipe markings

ition to the pipe markings required in 11.2, the pipe.markings shall include an identificatio
s the correlation of the product or delivery unit with the related inspection document.

ipe conforming to the requirements of this Intefnational Standard for PSL 2 together with the s
bments of Annex J may be marked as complying with this standard and carry the letter
name to indicate that the pipe is intended for offshore service.

meeting requirements of both Annex H and J shall be marked with both grade name suff
(e.g. X62MS/X52MO or L360MS/L360MO).

€,

e and outside

s than shown

h number that

upplementary
‘O” within the

x markings S
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Annex K
(normative)

Non-destructive inspection for pipe ordered for sour service and/or

K.

This annex a
H.2 m)]. For
modified by th

K.2 Geneéral non-destructive inspection requirements and acceptance criteria

K.2.1 Lan

K.2.1.1 Lam
(0.15in2) sha

K.2.1.2 For
accordance W
to verify that t

K.2.1.3 If ag
systems in ag
shall be used

K.2.1.4 Ifad
laminar imper
in the circumf

K.2.2

K.2.2.1 Pip{
destructive in

Generat

Sugpect pipe

offshore service

bplies if the pipe is ordered for sour service or offshore service or both [see 7.2 c)55)
such pipe, the non-destructive inspection provisions of Annex E apply, except,as/spec
€ provisions in this annex.

hinar imperfections at the pipe ends

inar imperfections > 6,4 mm (0.25 in) in the circumferential direction and having an area > 10
| be classified as defects.

pipe with > 5,0 mm (0.197 in), ultrasonic inspection:with automated/semi-automated syst
ith ISO 10893-8 or by manual methods, as specified in ISO 10893-8:2011, Annex A, shall b
he 50 mm (2.0 in) wide zone at each pipe end\is‘free of such laminar defects.

reed for pipe with # > 5,0 mm (0.197 in), ultrasonic inspection with automated/semi-auto
cordance with ISO 10893-8 or by manual methods, as specified in ISO 10983-8:2011, An
to verify that the 100 mm (4.0 in) wide zone at each pipe end is free of such laminar defect

reed, the end face/bevel atleach pipe end shall be magnetic particle inspected for the detec
fections in accordance withASO 10893-5 or ASTM E709. Laminar imperfections > 6,4 mm (0
brential direction shall'be classified as defects.

bpection-operation shall be deemed suspect.

!

and/or
fically

) mm?2

ms in
used

mated
hex A,
S,

tion of
25in)

giving riSe ‘to indications producing a trigger/alarm condition as a result of the specified non-

K.2.2.2 Sus

pect pipe shall be dealt with in accordance with the applicable standard for non-destjuctive

inspection of pipe, unless otherwise stated in this annex, Annex H or Annex J, whichever is applicable.

K.2.2.3 Rep

air by welding shall be in accordance with Clause C.4.

K.2.2.4 Where dressing is carried out, complete removal of defects shall be verified by local visual inspection,
aided where necessary by suitable non-destructive inspection methods.

K.2.2.5 Any manual non-destructive inspection applied to local suspect areas (dressed or not) shall use
the same inspection sensitivity, parameters and acceptance level (reference notch depth) as used during the
inspection that originally deemed the pipe to be suspect. For manual ultrasonic inspection, the scanning speed
shall be < 150 mm/s (6 in/s).
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K.3

K.3.1

ISO 3

Non-destructive inspection of SMLS pipe

Ultrasonic inspection for longitudinal imperfections

183:2012(E)

SMLS pipe shall be full-body ultrasonically inspected for the detection of longitudinal imperfections in accordance
with 1ISO 10893-10 or ASTM E213. The acceptance limits for such inspection shall be in accordance with
ISO 10893-10:2011, acceptance level U2/C.

K.3.2

K.3.2.

Laminar imperfections in the pipe body

1

For sour service, individual laminations and/or lamination densities exceeding the acceptance limits for

sour
by ult
The ¢

K.3.2.
for off
shall

ASTM

K.3.3

SMLS
ASTM
Thec

K.3.4

K.3.4,
accor

K.3.4.
ISO 1
10893

K.3.4.
currer

K.3.4/
body
SMLS
with t

rvice given in Table K.1 shall be classified as defects. Compliance with such requirementss
sonic inspection in accordance with ISO 10893-8:2011 (except 4.2), ASTM A435 or ASTM
pverage during automatic inspection shall be > 20 % of the pipe surface.

2 Foroffshore service, individual laminations and/or lamination densities exceeding the acg
bhore service given in Table K.1 shall be classified as defects. If agreed, compliance with such
be verified by ultrasonic inspection in accordance with 1ISO 10893-8:2014(except 4.2), A
A578/A578M. The coverage during automatic inspection shall be > 20 % of the pipe surfag

Ultrasonic thickness measurements

pipe shall be subjected to full peripheral ultrasonic inspection in accordance with ISQ
E114 for verification of compliance with the applicable mirimum permissible wall thickness
bverage for such inspection shall be > 25 % of the pipe'surface or, if agreed, a greater minim

Supplementary non-destructive inspection

1 If agreed, SMLS pipe shall be ultrasonically inspected for the detection of transverse inf
lance with ISO 10893-10:2011 acceptahce level U2/C, or ASTM E213.

2 If agreed, SMLS pipe shall.bé.full-body inspected using the flux leakage method in ac
D893-3:2011 acceptance level'=2, or ASTM E570 for the detection of longitudinal imperfectio
-3:2011 acceptance levelF+2y/0r ASTM E570, for the detection of transverse imperfections.

3 If agreed, SMLS-pipe shall be full-body inspected for the detection of imperfections u
t method in accofdance with ISO 10893-2:2011 acceptance level E2H/E2, or ASTM E3009.

4 If agreed;~subsequent to all other non-destructive inspection operations and visual in
magnetic.particle inspection shall be carried out in accordance with ISO 10893-5 or ASTM
pipe per heat of steel or batch of 50 pipes produced, whichever is the fewer, in order to veri
ne-requirements of 9.10. Such pipes shall be selected at random and, before inspection

hall be verified
IA578/A578M.

eptance limits
requirements
STM A435 or
e.

10893-12 or
requirement.
um coverage.

perfections in

cordance with
ns and/or ISO

sing the eddy

spection, full-
E709 on one
fy compliance
subjected to

abras

8501-1:2007

when

ve-hlasting to produce an external surface preparation of Sa 2% in accordance with 1SC

blasted.
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Table K.1 — Acceptance criteria for laminar imperfections

Maximum individual Minimum imperfection size
Service imperfection considered ) ) )
condition Area Length Area Length Width Maximum population density @
mm?2 (in2) mm (in) mmZ (in2) | mm (in) mm (in)
Pipe body (or strip/plate body)
10
Offshore 1000 (1.6) 300 (0.5) 35 (1.4) 8 (0.3) [per 1,0 m (3.3 ft) x 1,0 m
(8.3 ft) square] P
10
Sour 500 (0.8) Not specified 150 (0.2) 15 (0.6) 8(0.3) [per 500 mm (1.6 ft) x 500 nfm (1.6 ft)
square] ©
5
Sour, if agreed 100 (0.16) 30 (0.05) 5(0.2) 5(0.2) [per 500 mm (1.6 )% 500 mm (1.6 ft)
square] ©
Strip/plate edges or areas adjacent to the weld seam d
Sour or offshorg 100 (0.16) 20 (0.8) — 10 (0.4) — ’
[per 1,0 m (3.3 ft) length]
NOTE 1 Fof an imperfection to be larger than the minimum imperfection size, it is necessary that the minimum area, mifimum

length and minimum width given for the pipe body (or strip/plate body) all be exceeded.

NOTE 2 Fof the purpose of determining the extent of suspect area, adjacent suspeetareas separated by less than the smaller of
two minor axes|of the areas shall be considered as one area.

a Number of ifhperfections smaller than the maximum and greater than the minimum impgtfection size.

b For pipe with D < 323,9 mm (12.375 in) or strip/plate widths less than 1 000 \mnT (39.4 in), the maximum population density is refgrred to
1,0 m2 (10.8 ft2).

¢ For pipe witH D < 168,3 mm (6.625 in) or strip/plate widths less than 500 mm-+(19'7 in), the maximum population density is referred to 0,25 m2 (R.7 ft2).

d The maximum imperfection area of edges is the product of the maximunimperfection length, where length is the dimension parallel to the rhaterial
edge and the tranpverse dimension. An imperfection is considered to be\arger than the maximum imperfection size if either the length or the trarjsverse
dimension is excdeded.

K.4 Nond{destructive inspectionof HFW pipe

K.4.1 Non-destructive inspection of the weld seam

The full length of the weld seam-shall be ultrasonically inspected for the detection of longitudinal imperfeg¢tions,
with the acceptance limits being-in accordance with one of the following:

a) 1SO 10893-11:2011.aceeptance level U2/U2H;
b) ISO 10893-10:2031 acceptance level U3, or, if agreed, acceptance level U2;
c) ASTM E273;

K.4.2 Laminar imperfections in the pipe body

If agreed, the pipe or strip/plate body shall be ultrasonically inspected for the detection of laminar imperfections
in accordance with 1ISO 10893-8:2011 (except 4.2) or ISO 10893-9, respectively, to acceptance limits for the
relevant application as given in Table K.1. The coverage during automatic inspection shall be > 20 % of the
pipe surface.

K.4.3 Laminar imperfections on the strip/plate edges or areas adjacent to the weld seam

If agreed, the strip/plate edges or the areas adjacent to the weld seam shall be ultrasonically inspected
over a width of 15 mm (0.6 in) for the detection of laminar imperfections, in accordance with ISO 10893-9 or
ISO 10893-8, respectively, to the acceptance limits as given in Table K.1 for strip/plate edges or areas adjacent
to the weld seam.
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