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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
expressions related to conformity assessment, as well ‘as’information about I1SO's adherence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Conimittee ISO/TC 67, Materials, equipment gand offshore
strudtures for petroleum, petrochemical and matural gas industries, Subcommittee SC 5, Casing, tubing
and {rill pipe, in collaboration with the (European Committee for Standardization (CEN) Technical
Committee CEN/TC 12, Materials, equipiment and offshore structures for petroleum, petrodhemical and
natutal gas industries, in accordancé with the Agreement on technical cooperation betwgen ISO and
CEN [Vienna Agreement).

This[fourth edition cancels and.replaces the third edition (ISO 13680:2010), which has been technically
revided. The main changes.compared to the previous edition are as follows:

— ¢hange of title and'seope so that it includes accessory material and group 5;
— (leletion of Ammex F;

— 3addition6fnew Annex F, Annex H and Annex [;

— Uipdate’of warning statement;

amnlata ravician
\'Ulllyl\'\'\' I'CVIOIU

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Users of this document should be aware that further or differing requirements can be needed for
individual applications. This document is not intended to inhibit a vendor from offering, or the purchaser
from accepting, alternative equipment or engineering solutions for the individual application. This is
particularly relevant to innovative or developing technology. Where an alternative is offered, it is the
responsibility of the vendor to identify any variations from this document and provide details.

In this document, the following verbal forms are used:

a) “shall” indicates a requirement;

b) “should| indicates a recommendation;
c) “may” indicates a permission;
d) “can”indicates a possibility or a capability.

Information marked as “NOTE” is for guidance in understanding or clarifying the assocjated
requirement. “Notes to entry” used in Clause 3 provide additional informatioh that supplementfs the
terminologifral data and can contain provisions relating to the use of a term.

viii © IS0 2020 - All rights reserved
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Petroleum and natural gas industries — Corrosion-
resistant alloy seamless tubular products for use as casing,
tubing, coupling stock and accessory material — Technical
delivery conditions

WARNING — It is the purchaser's responsibility to specify the product specification level (PSL),

corrpsion-resistant alloy (CRA) group, category, grade, delivery conditions and| any other
requirement in addition to those specified herewith to ensure that the product. is ,agequate for
the Intended service environment. The ISO 15156 series should be considered when making
specijific requirements for H,S-containing environment; see Annex G. Other variable$ which can
contribute to hydrogen embrittlement should be considered. There are other-sources ¢f hydrogen
besigles H,S containing environments, which are not addressed by the IS®15156 serigs.

1 $cope

This| document specifies the technical delivery conditions for corrosion-resistant allpy seamless

tubu]ar products for casing, tubing, coupling stock and accessory material (including coipling stock

and gccessory material from bar) for two product specification levels:

— IPSL-1, which is the basis of this document;

— IPSL-2, which provides additional requirements,for a product that is intended to be both corrosion
dnd cracking resistant for the environmentszand qualification method specified in Anpex G and in
the ISO 15156 series.

At thie option of the manufacturer, PSL-2 products can be provided in lieu of PSL-1.

NOTE 1 The corrosion-resistant alloys) included in this document are special alloys in acc¢rdance with

ISO 4P48-1 and 1SO 4948-2.

NOTH 2  For the purpose of this.document, NACE MR0175 is equivalent to the ISO 15156 series.

NOTHE 3  Accessory products can be manufactured from coupling stock and tubular material, or from solid bar

stock or from bored and héeat heat-treated bar stock as covered in Annex F.

This|[document contains no provisions relating to the connection of individual lengths of pipe.

This|documentcontains provisions relating to marking of tubing and casing after threading.

This [document is applicable to the following five groups of products:

a) group 1 which is (‘nmpncpd of stainless alloyvs with a martensitic or mnrfpnci‘rir‘l/fbrril’ c structure;

b) group 2, which is composed of stainless alloys with a ferritic-austenitic structure, such as duplex
and super-duplex stainless alloy;

c) group 3, which is composed of stainless alloys with an austenitic structure (iron base);

d) group 4, which is composed of nickel-based alloys with an austenitic structure (nickel base);

e) group 5, which is composed of bar only (Annex F) in age-hardened (AH) nickel-based alloys with
austenitic structure.

NOTE4 Not all PSL-1 categories and grades can be made cracking resistant in accordance with the

ISO 15156 series and are, therefore, not included in PSL-2.

© IS0 2020 - All rights reserved 1
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2 Normative references

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

ISO 377, Steel and steel products — Location and preparation of samples and test pieces for mechanical testing
[SO 404, Steel and steel products — General technical delivery requirements

ISO 525, Bonded abrasive products — General requirements

ISO 643, Stepls—- Micrographic determination of the apparent grain size
ISO 3452-1, Non-destructive testing — Penetrant testing — Part 1: General principles

[SO 4287, Gdometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface fexture parameters

ISO 4885, Fgrrous materials — Heat treatments — Vocabulary

ISO 4948-1,|Steels — Classification — Part 1: Classification of steels into unalloyed and alloy steels hased
on chemical composition

ISO 4948-2,|Steels — Classification — Part 2: Classification of unalloyed and alloy steels according to|main
quality classes and main property or application characteristics

ISO 6508-1, Metallic materials — Rockwell hardness test — PartA: Test method

ISO 6508-2,|Metallic materials — Rockwell hardness test —\Part 2: Verification and calibration of tdsting
machines and indenters

ISO 6892-1, Metallic materials — Tensile testing — Rart 1: Method of test at room temperature
IS0 6892-2, Metallic materials — Tensile testing== Part 2: Method of test at elevated temperature
ISO 6929, Stpel products — Vocabulary

ISO 8501-1,|Preparation of steel substrates before application of paints and related products — Visual
assessment qf surface cleanliness —Part 1: Rust grades and preparation grades of uncoated steel substjrates
and of steel Jubstrates after overall-removal of previous coatings

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel
ISO 9934-1, [Non-destructive testing — Magnetic particle testing — Part 1: General principles

ISO 10423, Petroleuim and natural gas industries — Drilling and production equipment — Wellhead and
christmas tree équipment

ISO 10474, Steel and steel products — Inspection documents

ISO 10893-2, 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, 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 © IS0 2020 - All rights reserved
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[SO 10893-8, Non-destructive testing of steel tubes — Part 8: Automated ultrasonic testing of seamless and
welded steel tubes for the detection of laminar imperfections

ISO 10893-10, Non-destructive testing of steel tubes — Part 10: Automated full peripheral ultrasonic
testing of seamless and welded (except submerged arc-welded) steel tubes for the detection of longitudinal
and/or transverse imperfections

[SO 10893-12, Non-destructive testing of steel tubes — Part 12: Automated full peripheral ultrasonic
thickness testing of seamless and welded (except submerged arc-welded) steel tubes

ISO 11484, Steel products — Employer's qualification system for non-destructive testing (NDT) personnel

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

ISO 15156 (all parts), Petroleum and natural gas industries — Materials for use.in HZS-containing
environments in oil and gas production

ISO [15156-3:2015, Petroleum and natural gas industries — Materials for use in HZS-containing
environments in oil and gas production — Part 3: Cracking-resistant CRAs (corrosion-resistant alloys) and
other alloys

ISO 80000-1, Quantities and units — Part 1: General
API RP 578, Guidelines for a Material Verification Program (MVP) for New and Existing Assets
SPEC| API, 6A, Specification for Wellhead and Christmas Tree Equipment
API §tandard 6ACRA, Age-hardened Nickel-based Alloys-for Oil and Gas Drilling and Productiop Equipment
ASNT SNT-TC-1A, Recommended Practice — Non-Pestructive Testing

ASTM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel Products

ASTM A604/A604M, Standard Practicexfor Macroetch Testing of Consumable Electrode Rejmelted Steel
Bars|and Billets

ASTM A941, Standard Terminology Relating to Steel, Stainless Steel, Related Alloys and Ferrodlloys
ASTM E10, Standard Test Method for Brinell Hardness of Metallic Materials

ASTM E18, Standard Fest-Methods for Rockwell Hardness of Metallic Materials
ASTM E21, Standard-Test Methods for Elevated Temperature Tension Tests of Metallic Materidls
ASTM E23, Standard Test Methods for Notched Bar Impact Testing of Metallic Materials

ASTM E29¢ Standard Practice for Using Significant Digits in Test Data to Determine Conformance with
Specifieations

ASTM E45, Standard Test Methods for Determining the Inclusion Content of Steel

ASTM E110, Standard Test Method for Rockwell and Brinell Hardness of Metallic Materials by Portable
Hardness Testers

ASTM E112, Standard Test Methods for determining the average Grain Size
ASTM E165, Standard Practice for Liquid Penetrant Examination for General Industry
ASTM E213, Standard Practice for Ultrasonic Testing of Metal Pipe and Tubing

ASTM E309, Standard Practice for Eddy-Current Examination of Steel Tubular Products Using Magnetic
Saturation
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ASTM E340, Standard Test Method for Macroetching Metals and Alloys

ASTM E381, Standard Method of Macroetch Testing Steel Bars, Billets, Blooms, and Forgings

ASTM E562, Standard Test Method for Determining Volume Fraction by Systematic Manual Point Count
ASTM E570, Standard Practice for Flux Leakage Examination of Ferromagnetic Steel Tubular Products
ASTM E709, Standard Guide for Magnetic Particle Testing

ASTM E1245, Standard Practice for Determining the Inclusion or Second-Phase Constituent Content of
Metals by Automatic Image Analysis

ASTM E1476, Standard Guide for Metals Identification, Grade Verification, and Sorting

ASTM G438, |Standard Test Methods for Pitting and Crevice Corrosion Resistance of Stainless|Steel§ and
Related Alloys by Use of Ferric Chloride Solution

3 Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

For the purjposes of this document, the terms and definitions gived.in ISO 377, ISO 404, ISO 4885,
1SO 4948-1, [SO 4948-2, ISO 6929, ISO 10474, ASTM A941 and the folléwing apply.

[SO and [EC|maintain terminological databases for use in standardization at the following addressgs:

— ISO Online browsing platform: available at https://wwwriso.org/obp

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

3.1.1
accessory material
seamless cdsing (3.1.3) or tubing (3.1.23) oryseamless thick-walled tube or bar stock (3.1.2) or hot
forging used for the manufacture of accessories

3.1.2

bar stock
bar
material with a solid uniform eress-section along its whole length (3.1.14)

3.1.3
casing
tube intendé¢d to linethe walls of a drilled well

3.1.4
cold-hardened
CH

material condition where the mechanical properties are obtained by a cold finishing process not
followed by heat treatment

Note 1 to entry: Cold finishing is a plastic deformation of material at a temperature below the recrystallization
temperature such that permanent strain hardening occurs.

3.1.5

corrosion-resistant alloy

CRA

alloy intended to be resistant to general and localized corrosion and/or environmental cracking in
environments that are corrosive to carbon and low-alloy steels

4 © IS0 2020 - All rights reserved
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3.1.6
coupling blank
unthreaded material used to produce an individual coupling

3.1.7
coupling stock
seamless thick-wall tubular product (3.1.18) used for the manufacture of coupling blanks (3.1.6)

3.1.8
defect
imperfection (3.1.11) having sufficient magnitude to warrant rejection of the length (3.1.14)

3.19
heat|
matgrial of the same category melted in the same manufacturing process at the same time sequence
poured into multiple ingots or continuous strand cast

Note [l to entry: In case of a remelted alloy, each ingot shall be considered a different heat.

3.1.10
hot-finished
HF
matdrial condition obtained by deforming metal plastically atsuch a temperature and| strain rate
thatfecrystallization takes place simultaneously with the defermation, thus preventing permanent
strain hardening

3.1.11
impeérfection
discqntinuity on the product (3.1.18) surface or-in the product wall that can be detect¢d by visual
inspé¢ction or non-destructive examination

3.1.12
labe] 1
dimgnsionless designation for the size,or specified outside diameter that can be used when ordering
pipe [3.1.17)

3.1.13
labe] 2
dimgnsionless designatjon for the linear density that can be used when ordering pipe (3.1.1

N
L —

Note [l to entry: Linear dénsity is sometimes designated by the deprecated term “mass per unit length”.

3.1.14
length
piece of product (3.1.18)

3.1.15
linearTmperfection
imperfection (3.1.11) including, but not limited to, seams, laps, cracks, plug scores, cuts and gouges

3.1.16

manufacturer

firm, company or corporation that operates facilities for making seamless tubes for casing (3.1.3),
tubing (3.1.23), coupling stock (3.1.7) or accessory material (3.1.1)

3.1.17
pipe
plain end casing (3.1.3), tubing (3.1.23) and pup joint (3.1.19) as group

© IS0 2020 - All rights reserved 5
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3.1.18
product

:2020(E)

tubular product
pipe (3.1.17) and/or coupling stock (3.1.7) and/or accessory material (3.1.1), either individually or

collectively,

3.1.19
pup joint

as applicable

casing (3.1.3) or tubing (3.1.23) shorter than range 1

3.1.20

solution annealing
heat treatment requiring heating to a suitable temperature, holding at that temperature long enlough

to cause ond
constituenty

Note 1 to en
operation.

3.1.21
testlot
lot

in solution

or more constituents to enter into solid solution, then cooling rapidly enough td hold|such

Lry: Solution annealing may be performed as a part of the hot forming process or as a seplarate

<products dther than bars or drilled bars> unit formed by lengths (3.4:14) from the same heat (3.1.9),

with the sar
process, thd
treatment st
the same co

Note 1 to ent

3.1.22

test lot

lot

<bars or dri

outside dia
&

process fac
furnaces or

Note 1 to ent

3.1.23
tubing
tube placed

3.2 Abbr

'y: The maximum number of lengths in a test lotis'given in Table A.22 or Table C.22.

he specified outside diameter and wall thickness, the same'grade, the same manufactfiring
b same final heat-treatment conditions, process facilities and parameters for all heat-
ages, processed sequentially for continuous furnaces.or simultaneously for batch furnjaces,
d hardening parameters (if applicable) and the samé range length

simultaneously for batch furnaces

y: The maximum number of lengths in a test lot is given in F.5.1.

in a well to\produce or inject fluids

pviated terms

led bars> unit formed by lengths (3:1.14) from the same heat (3.1.9), with the same speg¢ified
eter, the same wall thickness. (if applicable), the same grade, the same manufactliring
ities and parameters for,all-heat-treatment stages, processed sequentially for continuous

AOD
EDI
EMI
ESR
HBW
HRC
ID

argon oxygen decarburization

electronic data interchange

electromagnetic inspection

electro-slag remelting

Brinell hardness, when testing with a tungsten carbide ball
Rockwell hardness C-scale

inside diameter
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MPQT manufacturing procedure qualification test

MT magnetic-particle inspection

NDE non-destructive examination

0D outside diameter

PMI positive material identification

PREN pitting-resistance equivalent number

PSL product specification level

QT quenched and tempered

SA solution-annealed

SI International System of Units

UNS unified numbering system

USC United States customary system

UT ultrasonic testing

VAD vacuum arc degassing

VAR vacuum arc remelting

VIM vacuum induction melting

VOD vacuum oxygen decarburization

3.3 | Symbols

A cross-sectional area-ef-the tensile test specimen, expressed in square millimetres (fquare inch-
es), based on specified outside diameter or nominal specimen width and specified wall thick-
ness, rounded to-the nearest 10 mm? (0.01 in2), or 490 mm? (0.75 in%), whichever i smaller

C, Charpy V-notch energy requirement, expressed in joules (foot pounds)

D outside\diameter of the product, expressed in millimetres (inches)

d inside diameter of the product, expressed in millimetres (inches)

e minimum elongation in 50 mm (2.0 in) gauge length for strip specimens or in 4D of 5D for
round bar specimens, expressed in percent

m mass

Ra average surface roughness as defined in ISO 4287

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

Ry,  yield strength (0,2 % non-proportional elongation), expressed in megapascals (thousand
pounds per square inch)

t wall thickness of the product, expressed in millimetres (inches)
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w, percent mass fraction of element x

Ysmin ~ minimum specified yield strength, expressed in megapascals (thousand pounds per square inch)

Ysmax ~maximum specified yield strength, expressed in megapascals (thousand pounds per
square inch)

4 General

4.1 Dual normative references

In the interfests of worldwide application of this document, certain normative references listed in

Clause 2 ar¢ interchangeable in the context of the relevant requirement with the relevant document

prepared by the American Petroleum Institute (API), the American Society for Testing@nd Matg¢rials

(ASTM) or ¢
running tex

Application
that differ fj
documents

4.2 Units

In this docu
Customary
of units be y

Products m
equivalent

i
das expresse

For data exj
separator.

For data exq
thousands s

In the text,

Separate ta

Figures are

he American National Standards Institute (ANSI). These latter documents-are cited i

of an alternative normative document cited in this manner can lead to technical re
'om the use of the preceding ISO reference. However, both results‘are acceptable and {
ire, thus, considered interchangeable in practice.

of measurement

ment, data are expressed in both the International System (SI) of units and the United S
USC) or other system of units. For a specific orderdtem, it is intended that only one syj
sed, without combining data expressed in the other system.

inufactured to specifications expressed in\either of these unit systems shall be consig
d totally interchangeable. Consequently,conformance to the requirements of this docu
in one system provides conformance to' requirements expressed in the other system.

ressed in SI units, a comma is used as the decimal separator and a space as the thous
ressed in USC units, a dot_(on the line) is used as the decimal separator and a space a

eparator.

lata in SI units are.followed by data in USC or other units in parentheses.

contained in Annex B and express data in both SI and USC units.

5

E following the ISO reference and preceded by “or”, for example “ISO XXXXor APIYYYY".

bles for datayexpressed in SI units and USC units are given in Annex A and Ann
respectively.

h the

y»

sults
hese

tates
stem

ered
Iment

ands

s the

@)

TD

IO

Infor

5.1 The purchaser shall state the minimum information as given in Table 1, as applicable, in the enquiry

and purchas

e agreement.

Table 1 — Minimum information to be supplied by purchaser

plain

Requirement Reference
a) Quantity of product —
b) Product designation: coupling stock or accessory material or |For upset product, upset drawing and

end casing or tubing or upset product
purchaser

drift dimension shall be supplied by the

o)

Reference to this document
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Table 1 (continued)
Requirement Reference
d) Material category/grade Table A.2 or Table C.2 and Table A.3 or
Table C.3
e) Label 1 and label 2 or specified outside diameter and speci- |Table A.16 or Table C.16 or as specified in
fied wall thickness purchase agreement per 8.1.2
f) Coupling stock or accessory material dimensions, expressed |As specified in purchase agreement
in millimetres (inches)
g) Length range 8.2; Table A.17 or Table C.17 or as speci-
fied in pnw‘hncp agreement
h) Length for coupling stock or accessory material As specified in purchase-agpgement
i) Tolerances on outside diameter, wall thickness and mass of |8.3.1
coupling stock or accessory material
i) Handling, packaging and storage 14.1
k) Inspection by the purchaser Annex D
1) Purchase requirements for bars intended for accessory F.2.1
material
5.2 | The purchaser shall also state on the purchase agreement{the requirements, wher¢ applicable,
concerning the stipulations listed in Table 2. These stipulations are at the purchaser's optiop; if PSL-2 is
not specified, the product will be supplied according to the requirements of PSL-1.
Table 2 — Additional requirements on purchase agreements
Requirement Reference
a) Cold end sizing exceeding 3 % plastic strain-without subsequent |6.3.1
heat treatment for group 1
b) End sizing by cold swaging or cold expansion 6.3.2
Maximum deformation, validation method and acceptance criteria
for cold end sizing
) Group 1 higher hot straightening temperature 6.4
d) MPQT program 6.7 and Annex H
e) Chemical composition 71
f) Difference betw€en measured tensile strength and measured 72
yield strength smaller than 34 MPa (5 ksi)
g) Mechanical properties at elevated temperature 7.2;9.5.2
h) Other tensile properties for PSL-2 products 7.2, Table A.28 or Table (.28, G.2
i) Other-hardness properties for PSL-2 products 7.3, Table A.28 or Table (.28, G.2
i) Eyitical thickness for impact testing of coupling stock or accessory |7.4.2
TITatertat
k) Impact test temperature if lower than -10 °C (14 °F) 74.6
© IS0 2020 - All rights reserved 9
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Table 2 (continued)

Requirement Reference

1) Additional flattening tests for groups 3 and 4 materials

m) Distance between plates when D/t < 3 or D/t > 15

n) Charpy V-notch testing at low temperature for group 2 ;9.8

0) Corrosion testing ;

p) Pitting corrosion testing for group 2 79.2;99

q) Ferrite content for material 13-1-0 Ad

r) Specipsurface-condition

s) Alterfate drift mandrel 8.3.4 ‘q‘Q

t) Chemjcal analysis on semi-finished product 9.31 qp

u) Chrorhium depletion; minimum chromium content higher than 9.3.3 Q)Q -
12,0 % A0

V) Transjverse impact test pieces from flattened material for cold 9.71 '\3
hardened groups 2, 3 and 4 materials ,.O

w) Specimen preparation (grinding/polishing/pickling) for pitting  [9.9 \‘O
corrosion test &\

X) Retesf provision for pitting corrosion test %Q\Q

y) Wall hickness verification for accessory material X <m

7) Condition for NDE operations Q\\}\ 9.17.3

aa) Mininjum signal-to-noise ratio lower than 3 to 1 ‘Q\ 9.17.9;9.17.10

bb) [Second outside surface NDE method for group 1 materiaks’(\,\ 9.179

cc) |Band folour for marking the area of defect .\@Q 7.14 b)

dd) |PMI for group 1 AQ\ 9.18

ee) |Low-dtress die-stamping or vibro-etching ma\r@h\g’requirements 111;11.3

ff) Additjonal marking that is consistent wit}l{g&i\eral marking 111

gg) |Modification or elimination of colour cade4dentification 11.2

hh) |Colouf code identification of coupl,i\l@afld accessories 11.4

ii) Surfage protection for group 1 m‘te)rials 12.2

i) Content of EDI-transmitted‘@Er,nent Nl

kk) |Alternative transportat}.o{’o’r packaging system a

11) For UNS N06975, w@j"é 6 % mass fraction Table A.29 or Table C.29

mm) |Alternative place@gﬁrspection

nn) |Treatment of ‘ced lengths

00) |Purch ase}@‘e.ments for bars intended for accessory material 2.2

pp) |PSL-2| Cy Annex G

qq) [Minimum quantities, heats and Iots to undergo MPQT H.3.1
Additional validation requirements
Product dimension representative of a range of product sizes

IT) Statistical criteria for an in-control process H.3.2

ss) Other test methods for MPQT H.3.2
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6 Manufacturing process

6.1

Melting practices

The alloys covered by this document shall be made by the basic oxygen process or the electric furnace
process or blast furnace (group 1 only) or the VIM process, followed by further refining operations such
as AOD, VOD, VAR, ESR, and VAD.

6.2

Gro

can (
on pi
resis

For g
a)
b)

q

N

6.3

6.3.1

purp
reliey

Whe
not

mant
heat

If en

6.3.2
is al
meth

manyifacturer.

NOTH

i

golution-annealed and liquid-quenched condition, or

golution-annealed and liquid-quenched and cold-hardened condition.

Product manufacturing process

sted in Table A.1 r Table C.1.

1 pipes and group 2 solution-annealed pipes shall be full-length heat-treated after ag

anufacturer shall apply a process control plan that precludes the occurren¢e of phen
reate surface effects (e.g. chromium depletion below 12,0 % mass fragtion for group
oducts where heat treatment is part of the manufacturing process, which can affect t}
tance.

roup 2, the product shall be in the

Pipe end sizing

Group 1 pipe may be end-sized such-as' swaging or expanding after final heat ty
oses of threading. When end sizing exeéeds 3 % plastic strain, group 1 pipe shall be
Ped at suitable temperature or full-length heat-treated in accordance with a documente

h the manufacturer has demenstrated and documented that the end sizing }
Hetrimentally affected the tcorrosion properties, by agreement between the pui
ifacturer, group 1 pipe may-be cold end-sized exceeding 3 % plastic strain without
treatment.

| sizing is performed,before final full-length heat treatment, stress relief is not requirg

For groups)2,/3 and 4 pipe, end sizing by cold swaging or cold expansion for purpose
owed by agreement between purchaser and manufacturer. Maximum deformatio
od and.acceptance criteria for cold end sizing shall be by agreement between p

1 Itisvery difficult to stress relieve duplex stainless steels without causing sigma-phase fi

uIL'

d conditions

y upsetting.

bmenon that
b 2, 3 and 4)
he corrosion

eatment for
bither stress
l procedure.

brocess has
chaser and
subsequent

d.

of threading
validation
chaser and

rmation.

NOTE 2

document. See Warning 1 in Annex G in case of PSL-2 products.

6.4

Straightening

End sizing can result in mechanical properties and hardness out of the ranges spec

ified in this

For group 1, pipes shall be hot-rotary straightened, when necessary, after heat treatment, at 400 °C
(750 °F) minimum at the end of rotary straightening, unless a higher minimum temperature is specified
in the purchase agreement. If hot rotary straightening is not possible, the pipe may be cold straightened,
provided it is then stress-relieved at 510 °C (950 °F) or higher. Light gag-press straightening shall be
permitted, without subsequent stress relieving, if the induced maximum fibre strain is not exceeding
the value validated by the manufacturer at the time of process validation (see 6.5).
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For groups 2, 3 and 4, pipes shall be straightened, either using rotary straightening, gag-press
straightening or a combination of both when necessary, utilizing parameters not exceeding the limits
defined during validation of the process (see 6.5).

6.5 Process requiring validation
Those processes requiring validation are

non-destructive examination (see 9.17.8),

final heattreatment for group 1 (excluding stress relieving) and solution annealed group 2 materials,

final solution annealing before last cold hardening operations for groups 2, 3 and 4 cold hardened

material,
stress relieving, if applicable,

cold str
relievin

hightening, if applicable, for group 1 [except when cold straightening is followed by sfress

ig (see 6.4)] and solution annealed group 2 materials, and

cold fin
deformj

shing processes not followed by heat treatment for groups 2, 3 and*4"CH materials, incly
tion induced by cold straightening (if applicable).

1ding

Validation of heat treatment shall include verification of chromium depletion as per 6.2.

Validation d
straightenir

When requi

gag straight
greatest ang

length shall
typical for t

Manufactur

but not limi

f cold straightening shall include verification of mechanical properties. For rotary
g, validation shall be for all quadrants at both ends and the mid-length of the pro
Fed, flattening tests shall be performed at both ¢fids and the mid-length of the produc

| shall include testing at the maximum tensilé and compressive strain locations. The t¢
be representative of material that has béen subject to the maximum induced fibre s
he straightening operation, as determined by the manufacturer.

brs shall document the extent of thewalidation and the method used for validation, incly
ted to the validation data, analyses, conclusions and range of products, size range,

cold
duct.
. For

ening, validation shall be at the longitudinal lacation of the product where deformation is

bsted
train

1ding
wall

thickness angd manufacturing facilities.

6.6 Traceability

The manufgcturer shall establish and follow procedures for maintaining heat, re-melt ingot and/or

lot identity
conformanc

Each length
individual 1

until all required“heat, re-melt ingot and/or lot tests and inspections are performeg
e with specifieation requirements has been shown.

of product shall be uniquely identified so that test and inspection data can be relat
ngths;lt is the responsibility of the manufacturer to maintain the identification of mat

and

bd to
erial

until it is re¢eived by the purchaser.

6.7 Manufacturing procedure qualification test

If so specified in the purchase order, purchaser may request that an MPQT program be conducted for
qualification of a range of products for the specific purchaser or a change in the manufacturing process.
Alternatively, the manufacturer may by agreement provide qualification data from a previous MPQT.

Annex H may be considered for the definition of the MPQT scope.

6.8 Process for update of alloys and/or grades

Applications for the entry of new alloys and/or grades shall be made to ISO/TC 67/SC 5. Applications
for new entries or alteration to existing entries shall be accompanied by supporting evidence as per
Annex H.
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For PSL-2, process of update of alloys and/or grades shall be as per G.5.

7 Material requirements

7.1 Chemical composition

In Table A.2 or Table C.2, generic types of alloy are listed with their nominal content of key chemical
elements for PSL-1 products.

For PSL-1 products, the chemical composition and tolerances as agreed between purchaser and
man]:‘Wc UTer shait be Included in the purcnase agreement.

In Table A.29 or Table C.29, the chemical analysis requirements for PSL-2 products ar¢listegd.
For group 2 material only, products in accordance with this document shall have.a pitting-resistance

equiyalent number as stated in Table A.2 or Table C.2 for PSL-1 products or in‘Table A.29 dr Table C.29
for PSL-2 products.

7.2 | Tensile properties

Tens|le properties at room temperature of pipes covered by this decument shall meet the r¢quirements
given in Table A.3 or Table C.3 for PSL-1 products or in Table A28 or Table C.28 for PSL-2 products.

In addition, the requirements in 7.2 a) or b) shall also be met.

a) The measured tensile strength shall be 69 MPa (10%ksi) greater than the specified mipimum yield
gtrength.

b) If the requirement in 7.2 a) is not met, then-there shall be a 34 MPa (5 ksi) or greatqr difference
Ibetween the measured tensile strengthcand the measured yield strength. By agreemgent between
the purchaser and the manufacturer;the’34 MPa (5 ksi) requirement may be reduced.

Wheh tensile properties at elevated(temperature are requested by the purchaser, the values and the
veriffcation procedures shall be agreed between purchaser and manufacturer.

7.3 | Hardness properti€es

The hardness of produgcts covered by this document shall meet the requirements given in [fable A.3 or
Tabl¢ C.3 for PSL-1 proeducts or in Table A.28 or Table C.28 for PSL-2 products.

The through-wallMrardness variation shall meet the requirements specified in Table A.4 or [Table C.4.

No individualhardness number may be greater than 2 HRC units above the specified mean hardness
number.

7.4 —Charpy V-notch test properties — General requirements

7.4.1 Evaluation of test results

A test shall consist of a set of three specimens taken from one location from a single tubular product
length. The average value of the three impact specimens shall equal or exceed the absorbed energy
requirement specified in 7.5 and 7.6. In addition, not more than one impact specimen shall exhibit an
absorbed energy below the absorbed energy requirement, and in no case shall an individual impact
specimen exhibit an absorbed energy below two-thirds of the absorbed energy requirement.

For the purpose of determining conformance with these requirements, the observed result of a test
shall be rounded to the nearest whole number. The impact energy value for a set of test specimens (i.e.
average of three tests) shall be expressed as a whole number, rounded if necessary. Rounding shall be in
accordance with the rounding method of ISO 80000-1 or ASTM E29.
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7.4.2 Critical thickness

The absorbed energy requirements are based on the critical thickness. For pipe, the critical thickness
is the specified wall thickness. For coupling stock and accessory material, the critical thickness shall be
the specified wall thickness, unless otherwise specified on the purchase agreement.

For accessories, the critical thickness shall be no less than the thickness of the cross-section of the
accessory with the lowest t/D ratio, where D is the specified outside diameter and ¢ is the calculated

wall thickness at that section.

7.4.3

Specimen size, orientation and hierarchy

When the uf
sub-size tra
to test usin
listed in Tab

e of full-size (10 mm x 10 mm) transverse test specimens is not possible, the largestpaos
hsverse test specimen listed in Table A.5 or Table C.5 shall be used. When it is not)poq
b any of these transverse test specimens, the largest possible longitudinal test’spec
le A.6 or Table C.6 shall be used for a group 1 product and flattening test spé¢imens sh

used for a g}
Table A.6 or

roup 2, 3 or 4 product. The hierarchy of C, test specimen orientation andrsize is specifi
Table C.6.

Table A.7 on

Table C.7 for transverse specimens and Table A.8 or Table C.8 fordongitudinal speci

provide the
Table A.5 of

calculated wall thickness required to machine full-size or a smaller impact specimen
Table C.5). The impact-test specimen size that shall be selected from these tables i

largest imp4
wall thickng

7.4.4 Altd

At the man|
Table C.5, n
or from Tab|

ufacturer's option, impact-test specimens oftan alternative size, listed in Table A

Ict test specimen having a calculated wall thickness that.is equal or less than the speg
ss for the pipe, coupling stock or accessory material tested.

rnative size impact test specimens

ay be used in lieu of the minimum size speeified determined from Table A.7 or Tabll

sible
sible
imen
11l be
ed in

mens
(see
s the
ified

5 or
e C.7

le A.8 or Table C.8. However, the alternative test specimen selected shall be higher o

hierarchy T4

ible A.6 or Table C.6 than the specified'size, and the absorbed energy requirement sh{

adjusted in

7.4.5 Sub

The minimy
specified foy

7.4.6 Tesf

The test ten
on the purc
temperatury

i manner consistent with the orientation and size of the impact specimen.

-size test specimens

m Charpy V-notch absorbed energy requirement for sub-size test specimens shall be
a full-size test specimen multiplied by the reduction factor in Table A.5 or Table C.5.

L temperature

hperature shall be —10 °C (14 °F). An alternative lower test temperature may be speq
hase agréeément or selected by the manufacturer for any grade. The tolerance on thg
e shall be*+1 °C (£2 °F).

h the
111 be

that

ified
test

7.5 Char

y-V-notch — Absorbed energy requirements for coupling stock and access

ory

material —

All grades

7.5.1 General

Coupling stock and accessory material suitable for more than one type of connection may be qualified
by a test to demonstrate conformance to the most stringent requirements.

14
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7.5.2 Requirements for all grades

The minimum absorbed energy requirement, C,, for full-size test specimens is provided in Table A.9 or
Table C.9, Table A.10 or Table C.10, and Table A.11 or Table C.11. The requirements are calculated based
on the expressions given in Table 3, where

Ysmax 1s the maximum specified yield strength, expressed in megapascals (thousand pounds per
square inch);

— t isthe critical wall thickness (see 7.4.2), expressed in millimetres (inches).

ol n h ol - £ a - - 1 1L | - o Lo ll
1Iduic o — DAPI CTI351IVUIIS IUlI UIT IIIIIINNuIiIn dusul ucu ClIITI By I Cllull cnrentror TuIr-sizZe test
specimens of coupling stock and accessory material

Unit system Transverse requirement Longitudinal requirement
and group c, c
1 2 3
Y max * (0,001 18 £+ 0,012 59) Y5 mdx % (0,001 18 ¢ + 0,0[L2 59)
Group 1 or or
SI uhits 40 ], whichever is greater; see Table A.9 40 Jywhichever is greater; se¢ Table A.10
of joules Ys max * (0,001 18 ¢ + 0,012 59)
Groups 2 o

27 ], whichever is greater; see Table A.11

Vo x (0152 ¢+ 0,064) Yg max * (0,152 ¢ +0,064)

Group 1 or or
IJ_“C 29 ft-lb, whichever is greater; see Table C.9 29 ft-lb, whichever is greater; see
unifs of Table C.10
fopt- Yg max ¥ (07152 t +0,064)
poulnds G 5 3
roups 2, or
and 4 NA?

20 ft-lbywhichever is greater; see
Table C.11

3 When transverse Charpy V-netch tests % size or greater are not possible for groups 2, 3 and 4, then flattgning tests are
requjred.

7.6 | Charpy V-notch — Absorbed energy requirements for pipe — All grades

The minimum-absorbed energy requirement, C,, for full-size test specimens is provided ip Table A.12
or Tdble C.12,"Fable A.13 or Table C.13, and Table A.14 or Table C.14. The requirements are calculated
basefl on the'expressions given in Table 4, where

— Yo, is the minimum specified yield strength, expressed in megapascals (thousand| pounds per
square inch);

— t isthe critical wall thickness (see 7.4.2), expressed in millimetres (inches).
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Table 4 — Expressions for the minimum absorbed energy requirement for full-size test

specimens of pipe

Unit system Transverse requirement Longitudinal requirement
and group c, c,
1 2 3
Ys min % (0,001 18 £ + 0,012 59) Ys min % (0,001 18 £ + 0,012 59)
Group 1 or or
ST units 40 ], whichever is greater; see Table A.12 | 40 ], whichever is greater; see Table A.13
of joules Y§ min X (0,00T 18T+ 0;01T2759)
Gfoups 2, 3
and 4 or NA®
27 ], whichever is greater; see Table A.14
Yg min % (0,152 ¢+ 0,064) Yg min % (0,152 t +0;064)
Group 1 or OF
UscC 29 ft-1b, whichever is greater; see 29 ft-1b, whichever is greater; see
units of Table C.12 Table C.13
foot- Ys min * (0,152 t + 0,064)
pounds
Gfoups 2, 3 or a
and 4 NA
20 ft-1b, whichever is greater; see
Table C.14
a2 When trapsverse Charpy V-notch tests % size or greater are not possible for groups 2, 3 and 4, then flattening tests are
required.
7.7 Flattening requirements
For groups B, 3 or 4, flattening tests shall be made-as an alternative to impact tests when the ouftside
diameter o1l wall thickness precludes the machining of transverse impact test specimens % sife or
larger. By agreement between the purchaserand manufacturer for groups 3 and 4, flattening [tests
may be performed in addition to the impact tests that are required when % size or larger transyerse
specimens dan be machined.
When flattening tests are required,products with D/t ratios between 3 and 15 shall be flattened [until
the distancd between the plates isless than or equal to S, expressed in percent, of the specified ouftside
diameter, D,|as calculated by Ffermula (1) for SI units and by Formula (2) for USC units:
$=100-{[ 3,845 8 In(Yg ).} -24,344 [xD/t} (1)
§=100—{[3.84581n(Y;,,q, )-16.919 [xD/t} (2)
where

Ygmax 1S the maximum specified yield strength, expressed in megapascals
(thousand pounds per square inch);

D
t

In

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

is the specified wall thickness of the product, expressed in millimetres (inches);

is the natural logarithm of the maximum specified yield strength.

When the D/t ratio is outside the above limits, the distance between the plates to be reached for
flattening shall be by agreement between the purchaser and manufacturer.

Each ring shall be flattened to the maximum distance between the plates specified above.

16
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Occurrence of a load drop-off, before meeting the specified deflection, shall be determined from the
load versus deflection test record. A load drop-off that exceeds 5 % of the instantaneous load prior
to the drop-off shall be cause for rejection. When the record does not show a load drop-off above 5 %,

cracks shall not be cause for rejection.

7.8

Charpy V-notch test properties at low temperature for group 2

7.8.1 General

Charpy V-notch test properties at low temperature shall be evaluated for group 2 when specified in the

purchase-agreement:
7.8.2 Evaluation of test results
A teqt shall consist of a set of three specimens taken from one location from a&ingle tubyilar product

lengf
requ
beloy
abso

For
shall
aver

accol

7.8.3

Whe
sub-{
to te
liste
spec

Tabld

h. The average value of the three impact specimens shall equal or exceéd the abso
rement specified in 7.8.5. Not more than one impact specimen shall exhibit an abso
v the absorbed energy requirement. In no case shall an individual jmpact specime
'bed energy below two-thirds of the absorbed energy requirement:.

he purpose of determining conformance with these requirements, the observed res
be rounded to the nearest whole number. The impact enefgy value for a set of test sp
hge of three tests) shall be expressed as a whole number, rounded if necessary. Roundir
‘dance with the rounding method of ISO 80000-1 or ASTM E29.

Selection of test specimens

h the use of full-size (10 mm x 10 mm) transverse test specimens is not possible, the larg
ize transverse test specimen listed in Table A.5 or Table C.5 shall be used. When it is
st using any of these transverse test Specimens, the largest possible longitudinal te
|l in Table A.6 or Table C.6 shall be used. The hierarchy of C, test specimen orientatio
fied in Table A.6 or Table C.6.

prov
Tabld

A.7 or Table C.7 for transverse specimens and Table A.8 or Table C.8 for longituding
de the calculated wall thicknhess required to machine full-size or a smaller impact sp
A.5 or Table C.5). The\ithpact-test specimen size that shall be selected from these

largg
wall
need

st impact test specimen having a calculated wall thickness that is equal or less than
thickness for the-tubular. When longitudinal half-size test specimens cannot be mach
s to be done.

For dllternative §jze impact test specimens and sub-size test specimens 7.4.4 and 7.4.5 apply, 1

7.8.4

Tést'temperature

The

‘bed energy
rbed energy
h exhibit an

ult of a test
bcimens (i.e.
g shall be in

rest possible
not possible
St specimen
h and size is

| specimens
ecimen (see
fables is the
he specified
ned, no test

espectively.

all be +1 °C

fest temperature shall be =46 °C (=50 °F). The tolerance on the test temperature s

(+2 °F).

7.8.5 Absorbed energy requirements

The minimum absorbed energy requirement for full-size test specimens is provided in Table A.15 or
Table C.15.

7.9

Corrosion properties

7.9.1 General

Corrosion testing for quality control purposes is not mandatory and is not normally required. At the
purchaser's option, quality control corrosion testing may be specified in the purchase agreement.
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7.9.2 Pitting corrosion properties for group 2
Pitting corrosion resistance shall be evaluated for group 2 when specified in the purchase agreement.

When required, the evaluation shall be performed at 25 °C (77 °F) for category 22-5-3 materials and at
50 °C (122 °F) for categories 25-7-3, 25-7-4 and 26-6-3 materials. Test temperature tolerance shall be
+1 °C (*2 °F). Higher test temperatures are acceptable. The test exposure time shall be at least 24 hours.

No pitting shall be detected and weight loss shall be less than 1,0 g/m? (0.2 1b/1,000 ft2).

7.10 Microstructure properties

7.10.1 Gromp 1

For martenditic material, the delta ferrite content shall not exceed 2 %.

For categorly 13-1-0, the ferrite content may exceed 5 % by agreement between-purchaser| and
manufacturgr.

The microstructures shall have grain boundaries with no continuous precipitates or ferrite netwopk.
7.10.2 Group 2

The microstructure shall have a ferritic-austenitic structure.

For duplex dlloys, the ferrite volume fraction shall be in the range-40 % to 60 %.

For super-dyiplex alloys, the ferrite volume fraction shall be in the range 35 % to 55 %.

The microstructure shall be free from intermetallic-precipitates, except for discrete/standalone
intermetallic precipitates provided these are located in isolated areas and not homogenepusly
distributed throughout the test specimen, and that the maximum dimension of each precipitate|does
not exceed 10 pm (0.40 mil).

Micrograph$ included in Annex I are showing examples of microstructures.

Grain and phase boundaries shall be-free from continuous networks of precipitates.

If carbide o1 nitride precipitates(are observed, the findings shall be reported and documented, and the
acceptance $hall be based uponthe Charpy V-notch or flattening test (see 7.4, 7.5, 7.6 and 7.7).

NOTE Whhile determination of the nitride phase balance is impractical, the presence of nitrides in the ferrite
phase reduc¢s the Charpy‘V-notch property, increases micro hardness in the ferrite phase and reducds the
breakthrough pitting €oyrosion potential. Quality control to avoid excessive nitrides is therefore best achfieved
by meeting tlhe impactand corrosion properties given in this specification.

7.10.3 Groups 3 and 4

The microstructure shall be free from intermetallic phases and carbides/nitrides precipitates, except
for discrete/standalone precipitates. Grain boundaries shall be free from continuous networks of
precipitates.

Micrographs included in Annex I are showing examples of microstructures.

Grain size shall be reported for information.

7.11 Surface condition

The internal surface of pipes shall be free from scale and annealing residues. If the purchaser has special
requirements for the pipe surface, this shall be stated at the time of enquiry and order. The purchaser
shall in this case specify the method, frequency, roughness values and extent of testing.
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Defects

1 Pipe

All pipes shall be free from the following defects:

a) any quench crack or arc burn;

b)

any surface-breaking imperfection that is proven to reduce the net effective wall thickness below

87,5 % of the specified wall thickness for hot-finished products or 90 % for other products;

q

q

f)

q

7.12

All ¢
stocH
brea
to re
712

7.12

The
shall

8 1

8.1

han 5 % of the specified wall thickness or 0,3 mm (0.0

any non-surface-breaking imperfection detected that, when outlined on the @ufside su
jrea greater than 260 mm? (0.40 in2);

dny surface-breaking pipe-upset imperfection, of any orientation,~with a depth g
b % of the specified pipe body wall thickness; the minimum wallCthickness in the uj
interval, and the maximum combined effect of coincident internal and external imperfg
greas, shall not result in the remaining wall below the imperfections being less than §
gpecified wall thickness;

on the internal upset configuration on all upset produets, any sharp corner or drast
gection that can cause a 90° hook-type tool to hang up(see Figure B.3).

L v U v i v i Ch Yy v eh il v 7] vV C
n), whichever is greater,

5O

12
lirection;

2 Coupling stock and accessory material

bupling stock and accessory material shall'be free from any quench crack or arc burn.
t and accessory material shall be free fbom, or have clearly marked, any other outs
king imperfection with a depth greater than 5 % of the specified wall thickness or th
duce the outside diameter or wall:thickness below specified tolerances. Also, the red
| d) shall apply.

3 Process control plan

manufacturer, based(on knowledge of the production process and the requirements
apply a process centrol plan that ensures that the requirements of 7.12.1 and 7.12.2 a

Dimensions, masses and tolerances

Outside diameter, wall thickness and mass

pth greater
n the radial

"face, has an

reater than
bset run-out
pctions in all
7,5 % of the

ic change of

All coupling
ide-surface-
at is proven
uirement of

of Clause 9,
e fulfilled.

8.1.

iandl L. | ) 11 11 h | £l - £ . 1 h :
T'T1E OULsIuce didITeier, wdll UHICKIIESS dITU ITIdSS O tHE PIPES 101 CdS1ITE dITU tUD1IE COV ered by thlS

document are given in Table A.16 or Table C.16. The masses included in Table A.16 or Table C.16 are
calculated using a factor of 1. In order to determine the masses relating to the different materials, the
masses in Table A.16 or Table C.16 shall be multiplied using the following multiplication factors:

0,989 for ferritic and martensitic steels — Group 1;

1 for duplex and super-duplex steels — Group 2;

— «a for austenitic steels — Group 3;

— p for austenitic Ni-based alloys — Group 4.

The a and g values shall be provided by the manufacturer.
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8.1.2 Dimensions other than those in Table A.16 or Table C.16 may be agreed at the time of enquiry

and order.

8.1.3 For measurement of diameter, the accuracy shall be as follows.

a) Using SI units
An accuracy of two decimal places shall be used for sizes less than or equal to label 1: 6 5. An
accuracy of one decimal place shall be used for sizes larger than label 1:6 3. In this document, two
decimal places are used for design purposes to ensure interchangeability (see label 1 dimensions in
Table A.16).

b) Using USC units
An acculracy of three decimal places shall be used.

8.2 Length

The pipes shall be delivered with the range lengths listed in Table A.17 or Table.€.17.

8.3 Tolerances

8.3.1 Toleérance on outside diameter, wall thickness and mass

The outside]
tolerance liy

For coupling
shall be spe

8.3.2

There is no

8.3.3 Strd
Deviation fT]

0,2 % of
a diame

3,18 mi]
(5ft) (s

diameter, wall thickness and mass of the pipe for“easing and tubing shall be withi
hits given in Table A.18 or Table C.18.

r stock and accessory material, the tolerance;en outside diameter, wall thickness and
Cified at the time of enquiry and agreed on‘inthe purchaser agreement.

Inside diameter, d

lirect tolerance set on inside diameter, d.

lightness
om straightness, or ¢hord height, shall not exceed either of the following:

the total length ©fithe pipe, measured from one end of the pipe to the other end for pipe
ter >101,60 mm (4 in) (see Figure B.1);

h (0.1254n)maximum drop at each end, in the transverse direction for a length of 1,
be Figure.B.2).

8.3.4 Drif

trequirements

h the

nass

with

52 m

Each pipe shall be drift-tested throughout its entire length. Standard drift sizes for casing and tubing
shall be as specified in Table A.19 or Table C.19.

An alternate drift mandrel size may be specified by the purchaser. For common alternate drift sizes, see
Table A.20 or Table C.20.

8.4 Product ends

All plain end product ends shall be free from burrs and out-of-squareness shall be within 0,01 D.
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9 Inspection and testing

9.1 Testequipment

The manufacturer shall determine and document the appropriate calibration frequency and reference
standards in order to be able to certify that all products conform to the requirements of this document.

If test or measuring equipment, whose calibration or verification is required under the provisions
of this document, is subjected to unusual or severe conditions that make its accuracy questionable,
recalibration or reverification shall be performed before further use of the equipment.

9.2 | Type and frequency of tests

The tests carried out and the test frequency are given in Table A.21 or Table C.21.

No t¢st is required for pup joints manufactured from a length of casing or tubing, provided that it has
been|previously tested and conforms to requirements and there is no subseguent heat treafment.

9.3 | Testing of chemical composition

9.3.1 Chemical analysis
The tesults of the chemical analysis made on each heat shall be provided by the manufacturer.

The report shall include the results of quantitative determination of elements as follows:

— for PSL-1, the elements listed in Table A.2 or Table'C.2 plus Si, Mn, S, P and Al;

— for PSL-2, the elements specified in Table As29 or Table C.29;

— flor PSL-1 and PSL-2, any other elements‘used by the manufacturer to control propertie

1L

An analysis of the finished product shiall'be made on
a) fwo samples per heat for nonremelted alloy, and
b) o¢ne sample per remelted ingot for remelted alloy.

By apreement betweenCpurchaser and manufacturer, samples may be taken from the s¢mi-finished

product.
Sam;[‘les shall be taken in accordance with ISO 14284.

9.3.2 Testmethod

Seledtion ‘of a suitable method for chemical analysis shall be at the discretion of the manufacturer.
Ofterr, thie method of Spectrometric amatysis 15 used.

NOTE ISO/TR9769,ASTM A751, ASTM E1473 and ASTM B880 provide a list of available standards specifying
methods for chemical analysis, including information on their fields of application and accuracy.

9.3.3 Chromium depletion test — Groups 2, 3 and 4

When specified in the purchase agreement, one sample per test lot shall be examined for surface
chromium content using the EDX (energy dispersive X-ray spectrometry) or an equivalent method. The
sample shall be taken on the product in its final delivery condition, but no special surface preparation
shall be done before the test. The measured chromium content on the outside and inside surfaces shall
not be less than 12,0 %. A higher minimum chromium content may be agreed between purchaser and
manufacturer.
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If a sample fails to meet the requirements, two additional samples from the same length shall be tested.
If either of the additional samples fails, the manufacturer may elect either to test each of the remaining
lengths in the test lot or to rework (e.g. additional pickling and/or grinding) and test the lot as a new lot.

9.4 Testing of mechanical characteristics

9.4.1 Testlot

The number of lengths per test lot shall conform to the requirements of Table A.22 or Table C.22.

9.4.2 Selgctiomanmd preparation of samplesamd test pieces

Samples and test pieces shall be taken at the pipe ends and shall be in accordance with the requiréments
of ISO 377.

9.5 Tenslile test

9.5.1 Orientation and size of test pieces

The test pigces shall be taken longitudinally to the pipe axis in accordan¢e with the requiremerjts of
[SO 6892-1 ¢r ASTM A370.

In case round-bar specimens are used, the largest gauge diameter cempatible with the wall thickngss of
the productishall be used.

9.5.2 Test method

A tensile tedt shall be carried out at room temperature\inaccordance with ISO 6892-1 or ASTM A3[70.
The tensile ptrength, R,, the yield strength, R, and the percentage elongation after fracture, e, |shall
be determined during the tensile test.

The results|of the tensile test shall conform to the requirement of 7.2 and with the values fof the
material catlegory and grade specified in\Table A.3 or Table C.3 for PSL-1 products or in Table A.28 or
Table C.28 fpr PSL-2 products.

If agreed at the time of ordering, & tensile test at elevated temperature shall be carried out in accordance
with ISO 6802-2 or ASTM E21 TFhe yield strength, R, ,, shall be determined during the tensile tegst at
the tempergture agreed atthe’time of enquiry and order. The result of the tensile test shall conform to
the value agreed at the tithe’of enquiry and order.

9.5.3 Invglidation.of test

Any test specimen that shows defective preparation or material imperfections unrelated to the iptent
of the test, whether observed before or after testing may be discarded and be replaced by another

specimen from the same length. Specimens shall not be judged defective for the sole reason that they
fail to meet the required properties.

9.5.4 Retest

If a tensile test representing a lot fails to conform to the specified requirements, the manufacturer may
elect to carry out retests on three additional lengths from the same lot. In the case of test lots with
three or fewer lengths, each length shall be tested. If all of the retests conform to the requirements, the
lot shall be accepted, excepting the failed length.

If one or more of the retest specimens fails to conform to the specified requirements, the manufacturer
may elect to test each of the remaining lengths in the lot. Any length that fails shall be rejected.
Specimens for retests shall be taken in the same manner as specified in 9.4.2.
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Rejected lots may be re-heat-treated and tested as new lots, as applicable.
9.6 Hardness test

9.6.1 Test pieces

The test piece for the hardness test shall be a ring or product test block cut from one end of the sample
pipe. The test ring or product test block shall be a minimum of 12,7 mm (% in) long.

The surfaces of the test piece that contact the anvil and the indenter shall be machined parallel within
0,5° and smooth with an average surface roughness of 0.6 uym (25 pin) or finer, as defined by Ra value in
[SO 4287. They shall be visually inspected and shall be free of visible foreign matter, lubricants and burrs.

Wheh product test blocks or rings are prepared using consistent machining processes-that ensure this
requjrement is met, verification of parallelism and roughness is not required. Othetwise, the parallelism
and the roughness shall be verified on each test piece.

9.6.2 Test method

A single indentation test block shall be tested in one quadrant. A réw of three hardness indentations
shalllbe made at required locations (outer, midwall, inner as appliecable) and the hardness numbers shall
be ayeraged to give one mean hardness number for each location,*An illustration is given in Figure B.4,
key ifem 4.

The minimum number of rows shall be determined by the’wall thickness of the product,|see detail a
in Figure B.4. For wall thickness lower or equal to 7,624nm (0.300 in), one row shall be uged. For wall
thickness higher than 7,62 mm (0.300 in) and lower or equal to 11,43 mm (0.450 in), two rpws shall be
used| For wall thickness higher than 11,43 mm (0,450 in) three rows shall be used. The outer and inner

locatjions shall be taken between 2,54 mm (0.100n) and 3,81 mm (0.150 in) from the applicable surface.

An indentation shall not be spaced closer than two and a half diameters from its centre tq the edge of
the specimen or three diameters from.afother indentation measured centre to centre.

The mean hardness number is the average of three Rockwell hardness numbers in the sam¢ location as
it is ghown in detail b of Figure 8.:4. Rockwell hardness indentation data are called Rockwgll hardness
numbers; see detail ¢ of Figure.B.4.

A Rockwell hardness test.shall be carried out in accordance with ISO 6508-1 or ASTM E18. Hardness
tests shall be made using the Rockwell C scale. The mean Rockwell hardness numbers shall conform
to the requirements-0f’Z.3, Table A.4 or Table C.4, and with the hardness requirements for the material
category and grade-specified in Table A.3 or Table C.3 for PSL-1 products or in Table A.28 dr Table C.28
for PSL-2 produets.

The first indentation on a hardness test specimen shall be made near the centre of the test block
specimén. to help seat the test specimen and reduce the possibility of errors. The result|of this first

indentation shall be ignored and it is not necessary to record it.

Overhang of product test blocks or rings beyond the anvil support of less than or equal to 40 % of
the surface area of the product test block or ring is acceptable. The overhang may exceed 40 % of the
surface area of the product test block or ring when the testing equipment is designed and validated to
yield consistently accurate results for such use. External support is not permitted.

The anvil and anvil seat shall not have protrusions or indentations that adversely affect the
hardness result.

When standardized test blocks are used for the verification of a hardness machine, the same anvil shall
be used for the verification as will be used for acceptance testing following the verification.

Hardness tests shall only be made using hardness testers with digital readout with one or more decimal
places.
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Only indenters that have been calibrated (verified) for use with the specific test machine to be used,
such as during an indirect verification, shall be used. When other indenters are used, they shall be
verified using an indirect verification with respect to a more accurate indenter (e.g. reference indenter
with less error).

The polished portion of the HRC indenter shall be visually inspected periodically for damage (e.g.
cracks, chips, pits, etc.) with the aid of adequate magnification (e.g. 20x or higher).

If the difference between the highest and lowest indentations at a location (same outside-wall, mid-wall
or inside-wall in a quadrant) is greater than 2,5 HRC, then three additional indentations in the same
location shall be taken. In such case, the mean hardness number shall be based on the three additional
indentationg—Fhe trdteate-thataddittorralt
data shall b¢ available upon req

uest.

9.6.3 Invalidation of tests

ntent
bther
they

Any test sp¢
of the test,
specimen fTj
fail to meet

cimen that shows defective preparation or material imperfections unrelated to the i
whether observed before or after testing, may be discarded and be replaced by an
om the same length. Specimens shall not be judged defective for the_sole reason that
Lhe required properties.

9.6.4 Perjodic checks of hardness-testing machines

Periodic che 8 for

Rockwell ha

cks of testing machines shall be made using the procedures in ISO 6508-1 or ASTM E1
rdness test machines.

The standai
of the stand
indentation

'dized test block shall have a maximum non-udtiformity of 0,4 HRC. The non-unifor
ardized test block shall be determined by the\difference between the highest and Iqg
number stated in the standardized test block’certificate.

mity
west

Atleast two
reduce the g
shall be ma
determined
hardness ny

The testing
times as are

preliminary indentations on each standardized test block should be disregarded in ord

erto

ossibility of errors. After the prelimitary indentations, at least three hardness indent

by the certified mean hardness number of the standardized test block minus the
mber determined during the\periodic check.

machine shall be checked at the beginning and end of a continuous run of testing and at
required to assure the)operator of the equipment and the purchaser (or his representd

akions
le on the standardized test blogk."The error shall not exceed +0,5 HRC. The error sh£1‘l be

ean

such
tive)

that the ma
run of testin
5 HRC of the

thine is satisfactory.ln any event, checks should be made at least every 8 h of a contirffuous
g. The standardized test blocks chosen shall have a certified mean hardness number wjiithin
maximum niean hardness number specified for the product being tested.

If the check
by indirect
ASTM E18 fi

ified
-2 or

5 indicaté, that the testing machine results are unsatisfactory, the machine shall be vej
verification using standardized test blocks according to the procedures in ISO 6508
br Reckwell hardness test machines.

The results obtaimed from the periodic checks shall be recorded and should be analysed using accepted
Statistical Process Control techniques, such as, but not limited to, X-bar (measurement averages) and
R-charts (measurement ranges) and histograms.

9.6.5 Verification of hardness-testing machines and indenters

Indirect verification of hardness testing machines shall be performed at least once every 13 months
and after a direct verification has been performed, in accordance with the procedures in ISO 6508-2 or
ASTM E18 for Rockwell hardness test machines.

The HRC standardized test blocks shall be within 20 HRC to 50 HRC to confirm accuracy and linearity
using a two-block verification. The standardized test blocks used shall bracket the HRC range for
acceptance testing. The standardized test blocks shall have a maximum non-uniformity of 0,4 HRC
(difference between the highest and lowest indentation number stated in the standardized test block
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certificate). The error shall not exceed +0,5 HRC (determined by the certified mean hardness number
of the standardized test block minus the mean hardness number determined during the indirect
verification).

The indenter should be directly verified at least every 2 years. HRC indenters shall be certified by the
manufacturer for performance error (deviation) with respect to a more accurate indenter (e.g. reference
indenter with less error) and standardized test blocks in the range being tested. HRC indenters shall
have a maximum performance error of +0,4 HRC.

The calibration laboratory that conducts verifications of hardness testing machines and HRC indenters
calibration and that issues certificate (verification report) for the hardness tester should meet the

4 £FICAO /I C 1470900 A Ly +lo Ll 4 a3 4 Laollid £ L
requ I'CIIICIILS Ul lr.JU/ ILG 1 7V4aJ. 730 d ITTIITTIIITUILL, TITC CAIlTUuT dtiUvlIl LT LITICALT S1idll 1ucuul_y .

a) the reference standard (ISO 6508-2 and/or ASTM E18);

b) I:ethod of verification (direct and/or indirect);
c)

d) temperature;

eans of verification (reference blocks, elastic proving devices, etc.);

e) Iardness scale(s) verified;

f)

g) gtandardized test blocks references (mean hardness number, scale, serial number, manufacturer
dnd non-uniformity);

ate of the verification;

h) results obtained;
i) identification of the hardness test machine (anufacturer, model number and serial nymber);
j)  gerial number of indenter;
k) (¢ertifying agency;

1) mame of their representative performing the verification.

9.6.4 Retests

If any mean hardness, ‘aumber fails to conform to specified requirements but does not| exceed the
specified requirements by more than 2,0 HRC units, three additional indentations shall be|made in the
immediate area teydetermine a new mean hardness number.

If thg new mean ‘hardness number conforms to the requirements, the piece shall be acceptdd.
If thg new\mean hardness number fails to conform to the requirements, the piece shall be rgjected.

If ald

ath is rejected due to exceeding ma ! dness or exceeding the ma Um hardness
variation, the manufacturer may elect to carry out retests on three additional lengths from the same lot
from the same end as the original test specimen. If all the retests conform to the requirements, the lot
shall be accepted. If one or more of the retest specimens fails to conform to the specified requirements,
the manufacturer may elect to test each of the remaining lengths in the lot or reject the lot.

Rejected lots may be re-heat-treated and tested as new lots, as applicable.
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ct or flattening test

9.7.1 Test pieces

a) Impact test pieces shall be taken in accordance with ASTM E23 and 7.4, 7.5 and 7.6 (see Figure B.5).

For the transverse test piece, the surface of the finished machined test piece may contain the
curvature of the original tubular product, provided that the requirements of Figure B.6 are met.

For group 1 and solution-annealed group 2, impact test pieces shall not be machined from flattened

material.

For groups 2, 3 and 4 materials that have been cold hardened, transverse test pieces-nigy be

machinged from flattened material by agreement between the purchaser and manufacturer.

b) Flattening test specimens shall be rings or crop ends not less than 50,8 mm (2 in) leng. Specimens
may be deburred prior to flattening.

9.7.2 Frequency of testing

The frequency of testing is as follows.

a) Casing dnd tubing, group 1: Both ends of two lengths from each heat'shall be tested.

b) Casing and tubing, groups 2, 3 and 4:

1) Both ends of two lengths from each ingot or continugus cast strand shall be tested, as|shall
the|top length of each ingot or continuous cast strand and the bottom length of each ingot or
continuous cast strand.

2) As an alternative, at the manufacturer's option, impact or flattening tests shall be made on
both ends of two lengths taken at randomfrom each test lot, provided the manufacturef has
a dpcumented procedure for cut-backf the end of the ingot or continuous-cast strand and
for demonstration of the metal clednliness that ensures that all delivered material confprms
to the requirements of Annex E, Testing for material cleanliness shall be done periodically to
demonstrate that the cleanlinessicriteria are under control. Relevant data shall be providé¢d on
reqpest.

c) Coupling stock and accessory material:

1) Both ends of each lerigth of coupling stock or accessory material shall be tested.

2) As an alternatiyve, at the manufacturer's option, impact or flattening tests shall be made on
both ends of.two lengths taken at random from each test lot, provided the manufacturer dan
i) |either demonstrate by traceability that all coupling stock and accessory material ip the

test lot has been made from bars that are not issued from either the top or the bolttom
tength of the INgot or continuous caststrand, or
ii) provide a documented procedure for the cut-back of the end of the ingot or continuous-

cast strand and for demonstration of the metal cleanliness that ensures that all delivered
material conforms to the requirements of Annex E. Testing for material cleanliness shall be
done periodically to demonstrate that the cleanliness criteria are under control. Relevant

data shall be provided on request.

9.7.3 Impact test method

Impact test on V-notched test pieces shall be carried out in accordance with ASTM A370 and ASTM E23.
The evaluation of the results shall be in accordance with 7.4.1.
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9.7.4 Flattening test method

9.7.4.1 Test method

Test specimens shall be flattened between parallel plates. A load versus deflection record shall be made
for each flattening test. All records shall be identified with respect to the end of the pipe tested.

Rings shall be flattened until the distance between plates is as specified in 7.7.

The load measurement shall be accurate to #1,0 % of the maximum value and the deflection
measurement shall be accurate to #1, 0 % of the initial ring specified diameter. The test record shall

incl 1 cm-min?
(0.4 in-min~1) during the test.
9.7.4.2 Acceptance/rejection criteria

Product shall meet the requirements of 7.7.

9.7.5
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r to cut back and retestthe length or to reject the length and test both ends of th
hs from the ingot er-eontinuous cast strand. For solution-annealed materials, the m|
elect to re-heat-treat’all lengths from the ingot or continuous-cast strand and test as a

roups 2, 3 and-4; when the lengths tested are selected at random, if either test represen
h fails to-meet the specified requirements, the manufacturer may elect to test thre
mens taken from the same end of the length; however, no cut-back is allowed. The im
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manufacturer may elect to re- heat—treat all lengths from the 1ngot or contmuous cast strand and test as
a new lot.

9.7.6 Flattening test retest

When testing the end of the strand or ingot, if either test specimen representing a single length fails
to meet the specified requirements, the manufacturer may elect to conduct two retests of specimens
from the same end of the same length. The length may be cut back prior to taking retest samples. If
either retest fails to meet the specified requirements, the manufacturer may elect either to cut back and
retest the length or to reject the length and test both ends of the remaining lengths from the ingot or
continuous-cast strand.
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When the length tested is selected at random, if either test specimen representing a single length fails
to meet the specified requirements, the manufacturer may elect to conduct two retests of specimens
from the same end of the same length; however, no cut-back is allowed. If either retest fails to meet the
requirements specified, the manufacturer may elect to reject the length that failed and to test both ends
of the remaining lengths from the ingot or continuous-cast strand. For solution-annealed materials, the
manufacturer may elect to re-heat-treat all lengths from the ingot or continuous-cast strand and test as

a new lot.

9.7.7

Invalidation of tests

Any test specimen that shows defective preparation or material imperfections unrelated to the intent of
the test, whether observed before or after testing, may be discarded and replaced by another spec
from the saine length. Specimens shall not be judged defective for the sole reason that they fail|to
the required properties.

9.8

Impalct test at low temperature for group 2

When requifred for group 2, impact test at low temperature shall be conducted on one length pe

The test pie

after th
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transverse {
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The test frequency shall be one test per lot.

The test piec

— after the

es shall be taken either

final heat treatment for solution-annealed group 2 materials, or

— after the heattreatmentimmediately preceding final cold finishing steps for cold hardened material.
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The test pieces and test method shall be in accordance with ASTM G48, Method A. The complete
specimen may be ground/polished/pickled before weighing and testing in accordance with a
documented procedure by agreement between purchaser and manufacturer.

NOTE Guidance on pickling procedure can be found in ASTM A380. An example for such a procedure is for
5 min at 60 °C (140 °F) in a solution of 20 % HNO; + 5 % HF (volume fraction).

The presence of pitting shall be determined using a magnification of 20x. The results shall conform to
the requirement of 7.9.2.

Any test specimen that shows defective preparation or material imperfections unrelated to the intent of
the test, whether observed before or after testing, may be discarded and replaced by another specimen
from| the same length. Specimens shall not be judged defective for the sole reason that they fail to meet
the required properties.

Retesting is by agreement between purchaser and manufacturer.
9.10 Microstructural examination

9.10|1 Test pieces

Test specimens shall be full radial wall thickness by minimum lerdgth of 6 mm (0.236 in).
The test pieces shall be taken

— after the final heat treatment for group 1 and solution:annealed group 2 materials;

— 3fterthe heat treatment immediately preceding final cold finishing steps for cold harderled material.
9.10j2 Test method

9.10{2.1 Ferrite content determination— Group 1

The ¢xamination of alloy structure and the determination of ferrite volume fraction shall b¢ carried out
in the longitudinal direction, in.accordance with ASTM E562 with a minimum of 30 fields measured,
using a minimum magnification*of 400x. ASTM E1245 can be used as an alternative grovided the
mantifacturer has a documentéd validation of the method.

9.10|2.2 Ferrite content determination — Group 2

The ferrite contefit-shall be determined by either point counting according to ASTM E562 [or by image
analysis according to ASTM E1245. A minimum of 30 fields shall be measured. The ferfrite content
meagurement shall be performed on a longitudinal or transverse section at the discrgtion of the
mantifactiirer and cover the full wall thickness. The relative accuracy shall be 15 % maximpim.

[aWaY AL 2 2 1 - - Val CaY Ca Y J_4
9.10.‘..0 MITTOSUUtuurdl CX4dIiiduoil — uloups 4, 5 d1IIU *

The microstructure shall be examined by optical microscopy on the longitudinal section over the
entire metallographic specimen, starting at low magnification and followed by progressively higher
magnifications up to a minimum of 500x.

The used etchant or combination of etchants shall be suitable to identify all the constituents of
the microstructure including intermetallic phases, nitride and carbide precipitates. For group 2,
[SO 17781:2017, Annex B can be used as a guidance on the effect of different etching solutions. Examples
of correctly etched specimens are provided in Annex .

The presence and location of intermetallic phases shall be noted and reported with one micrograph
representative of the microstructure at a location with the highest concentration. If intermetallic
phases are not observed, a representative micrograph at or near mid-wall thickness shall be reported.
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The presence and location of nitride/carbide precipitates shall be noted and reported with one
micrograph representative of the microstructure at a location with the highest concentration.

Micrographs shall be reported at the actual magnification and shall include the scale bar.

9.10.2.4 Grain size evaluation — Groups 3 and 4

The average grain size shall be determined according to ISO 643 or ASTM E112 on the longitudinal
section. Grain size evaluation shall be made at least in three locations covering the full section of the
specimen.

9.10.3 Retest

If a microstiructure test fails to conform to the specified requirements, the manufacturen may l|elect
to retest three additional lengths randomly selected from the lot. In the case of a contituotis prdcess,
these shall rlepresent the start, the middle and the end of the heat treat cycle.

If all the retgsts conform to the requirements, the lot, except the failed length, shall be accepted.

If one or more of these retests fails to conform to the requirements, the lot“shall be rejected. If the
manufacturgr can provide, to the satisfaction of the purchaser, evidence of-the cause of the failed|test,
the manufaqturer may be allowed to retest each length and qualify the non-failing lengths.

Rejected lots may be re-heat-treated and retested as new lots, as applicable.
9.11 Dimensional testing

9.11.1 General

Each length|of product shall be inspected to verify conformance to the requirements of Clause 8.

9.11.2 Outside diameter

The dimensjon shall be checked across the diameter by means of a mechanical calliper or micrometer
at 0° and at|90° on each end of the length or by a continuous laser system or equivalent device|with
demonstratgd capability at 0° and at'90° or one direction spirally along the full length of the prodyct.

The frequerjcy of measurementinay be reduced, provided the manufacturer applies a process control
plan that has demonstrated to,the satisfaction of the purchaser that the requirements of this document
are met.

9.11.3 Wall thicknéss'at end of products

Wall thickness<measurements shall be made with a mechanical calliper or with a calibrated |non-
destructive [ é&xamination 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 with
contact pins having circular cross-sections of 6,35 mm (0.25 in) diameter. The end of the pin contacting
the inside surface of the product shall be rounded to a maximum radius of 38,10 mm (1.50 in) for
products 168,28 mm (6 3 in) and larger, a maximum radius D/4 for products less than 168,28 mm
(6 %8 in) and a minimum radius of 3,18 mm (0.125 in). The end of the pin contacting the outside surface
of the product shall be either flat or rounded to a radius of not less than 38,10 mm (1.50 in).

9.11.4 Wall thickness of product body
Continuous wall thickness measurement shall be performed according to ISO 10893-12. The coverage

shall not be less than 100 % of the product-body surface. Accessory material shall have the wall
thickness verified if specified in the purchase agreement.
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9.12 Drift test

9.12.1 Non-upset and external upset pipe

All drift testing shall be performed with a drift mandrel containing a cylindrical portion conforming to
the standard drift requirements shown in Table A.19 or Table C.19 or the alternate drift requirement
shown in Table A.20 or Table C.20, as specified in the purchase agreement. The ends of the drift mandrel
extending beyond the specified cylindrical portion shall be shaped to permit easy entry into the pipe.
The drift mandrel shall pass freely through the pipe by use of either a manual or power-drift procedure.
In case of dispute, the manual-drift procedure shall be used. A pipe shall not be rejected until it has
been drift-tested with the bore free from all foreign matter and the pipe properly supported to prevent

sagging.

9.12|2 Internal upset pipe

For internally upset end tubing and casing, the pipe shall be full-length driftstested eithpr before or
after| upsetting at the manufacturer's option, using the drift mandrel diménsions given in Table A.19
or Table C.19 for standard drift mandrels or Table A.20 or Table C.20(for alternative drift mandrel
dimgnsions or a drift mandrel having dimensions agreed at the time of-€nquiry and order. End drifting
afterjupsetting is not required.

9.12({3 Drift mandrel coating

The ¢lrift mandrel shall be externally coated or manufactured from suitable non-ferrous material or in
the spme material as the pipe in order to avoid iron contamination. The mandrel's surface ghall be free
from| extraneous ferrous material.

9.13 Length

The [length of each finished length of preduct shall be measured using either a manual or an
automatic device.

9.14 Straightness
All pjpes shall be visually examined.

The §traightness of excessively bent pipes or hooked extremities shall be verified

— Usingastraightedge or taut string (wire) from one end of the pipe to the other end (see Figure B.1), and

— yising aminimum 1,83 m (6 ft) straightedge shouldered on the pipe surface beyond the ¢xtent of the
ooked extremity (see 8.3.3 and Figure B.2).

9.15 Mass determination

Each pipe for casing or tubing shall be weighed separately or in convenient quantities. The linear
density shall be calculated to determine conformance to the requirements in Table A.18 or Table C.18.

9.16 Visual inspection

9.16.1 General

Each length of product shall be submitted to a visual inspection in order to ensure conformance with the
requirements of 7.12 and 8.4. The visual inspection of the products shall be carried out in accordance
with an established written procedure.

All visual inspection shall be carried out by trained personnel with satisfactory visual acuity to detect
surface imperfections. Documented lighting standards for visual inspection shall be established by
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the manufacturer. The minimum illumination level at the inspection surface shall be 500 Ix (50 foot-
candles).

Visual inspection may be replaced by an automatic inspection method, other than those stated in
9.179 or 9.17.10, if the method has validated and documented capability of detecting surface defects, as
defined in 7.12, and has documented calibration reference standards and calibration frequency.

The visual inspection shall be on the product in the final surface and mechanical processing condition,
but before coating, if applicable.

9.16.2 Pipe body, coupling stock and accessory material

oupling stock or accessory material shall be visually inspected over the entire oultside
he detection of imperfections.

Each pipe, ¢
surface for ]

9.16.3 Pipe¢ ends

For non-upd
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mum

oducts, pipe ends shall be visually inspected on the inside surface for a minimum dist
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For upset pr
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ing is performed to remove defects, the end of the pipe revealed after cropping sh4
arepeat internal surface inspection as previously performed.

9.16.4 Disposition

Surface imp 12 to

9.17.14.

erfections disclosed by visual inspection:shall be treated in accordance with 9.17.

9.17 Non-¢destructive examination

9.17.1 General

The NDE re¢quirements and inspection levels for pipe, coupling stock and accessory material are

specified in
accessory mj
that require

9.17.2 to 9.17.14. A summary of the required NDE operations for pipe, coupling stoc}
aterial is given in Table A.21 or Table C.21. All pipe, coupling stock and accessory mat
NDE (except visual inspection) shall be inspected full length (end-to-end) for defects.

¢ and
erial

NDE
ucts.
ts as

The NDE standards for.the inspection of pipe referenced in 9.17 are based on traditional, proven
methods and techniques practiced and adopted worldwide for the inspection of tubular prod
However, ofher NBE~methods/techniques that have demonstrated capability in detecting defed
defined in 7{12 may be used. Records in accordance with 9.17.8 shall be maintained.

1

Table'A.23
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At the discr
or Table C.23 may be oriented at an angle such that detection of defects typical of the manufacturing
process is optimized. The technical justification for choice of the orientation shall be documented.

For PSL-2 products of groups 2, 3 and 4, in addition to longitudinal and transverse notches, internal
and external oblique notch shall be utilized in accordance with 9.17.10. The angle of the notch shall
be validated and documented by manufacturer according to the defect of their typical manufacturing
process.

If the provisions for purchaser inspection of pipe and/or witnessing of NDE operations are stated on
the purchase agreement, they shall be in accordance with Annex D.

The inspections performed in accordance with 9.17, with the equipment calibrated to the artificial
reference indicators in Table A.23 or Table C.23, should not be construed as assuring that the material
requirements in 7.12 have been met.
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For full-body, full-length NDE, the inspection equipment shall provide 100 % coverage for imperfections
other than wall thickness (see 9.11.4). For untested pipe ends, see 9.17.5.

9.17.2 NDE personnel

ISO 9712, ISO 11484, ASNT-SNT-TC-1A or equivalent recognized industry standard shall be the
basis for the qualification of non-destructive inspection personnel (excluding visual inspection).
Such personnel shall be requalified for any method previously qualified, if they have not performed
non-destructive inspection in that method for a period exceeding 12 months. The manufacturer or
inspection company shall have a training program to qualify or certify, or both, the NDE personnel for
the method, technique, and equipment that are used for the inspection(s) specified in this document.
Non-|destructive inspection shall be conducted by level 1, 2 or 3 personnel, using procedurgs approved
by leyel 3 personnel.

9.17|3 Products

Unless otherwise agreed, all required NDE operations shall be carried out after final heat treatment or,
for CH products, after final cold hardening, and straightening operations, with the following exceptions:

a) asdescribed in 9.17.4 for pup joints;

b) ﬂgr group 1, when more than one NDE method is appliedj<one of these (other thap ultrasonic
inspection) may take place prior to heat treatment/rotary)straightening.

9.17|4 Pup joints

For pup joints made from full-length casing and tubing, the required inspection for inside|and outside
defe¢ts shall take place either before or after cutting into final length, provided there is ng subsequent
upsetting or heat treatment.

9.17|5 Untested ends

In many of the automatic NDE operations specified in this document, there can be a short lepgth at both
ends|which cannot be tested. In suchcases, the untested ends shall be

a) (¢ropped off, or

b) gubjected to a manual/semi-automatic test achieving, as a minimum, the same degree df inspection
as the automatic NPE, or

c) for group 1, stbjécted to magnetic particle inspection of the outside and inside surfaces around the
full periphery and over the length of the untested ends, or

rotnd the full periphery and over the length of the untested ends.

d) %or greups 2, 3 and 4, subjected to liquid-penetrant inspection of the outside and insfide surfaces

9.17.6 Upset ends

Forged upsets (including the upset run-out length) on all grades shall be subjected, after all heat-
treatment operations, to NDE as outlined below for the detection of transverse and longitudinal
imperfections on the outside and inside surfaces of the upset, using the acceptance criteria given in 7.12:

a) subjected to a manual/semi-automatic test achieving, as a minimum, the same degree of inspection
as the automatic NDE, or

b) for group 1, subjected to magnetic particle inspection of the outside and inside surfaces around the
full periphery, or

c) for groups 2, 3 and 4, subjected to liquid-penetrant inspection of the outside and inside surfaces
around the full periphery.
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9.17.7 Reference standards

Ultrasonic and electromagnetic inspection systems for other than laminar imperfection and wall-
thickness verification shall use reference standards containing notches or holes as shown in Figure B.8

and Table A.

23 or Table C.23 to verify equipment response from artificial reference indicators.

The reference standard for laminar imperfections shall contain a flat-bottom recess machined into the
inner surface with an area not greater than 260 mm? (0.4 in2). The shape of the artificial reference
indicator shall be determined at the discretion of the manufacturer as that which provides detection of
defects typical to the manufacturer's process.

The manufa

sonic

or electrom
or Table C.2
shall be dem
line or off-li

Table A.24

turer may use any documented prnrﬂdnrnc toestablish the rnjnrf threshold for ultra
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he.
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the only bas

When calibj
system shal
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g pipe that can contain the defects, except laminar imperfections;as defined in 7.12
dicators used during automated ultrasonic or electromagnetic ‘inspection shall n
5 being the defect sizes defined in 7.12, or be used by those other than the manufactuy
is for pipe rejection.

ating eddy-current or flux-leakage testing equipmentiusing drilled holes, the inspe
be capable of producing signals from both OD and ID’notches that are equal to or gr
bct threshold established using the drilled hole..Récords in accordance with 9.17.8 sh{

9.17.8 ND
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e indicators used to establish the-'equipment test sensitivity.

tion shall cover, as a minimum, the following criteria:
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a) coverage calculation (i.e. scan plan}, including wall thickness verification;

b) capability for the intended wall thickness;

c) repeatapility;

d) transducer orientation that provides detection of defects typical of the manufacturing pr
(see 9.11.1);

e) documgntation demonstrating that defects typical of the manufacturing process are detected
the NDE methods in Table A.24 or Table C.24;

f) threshold-setting parameters.

In addition, the manufacturer shall maintain documentation relating to

NDE system operating procedures,
NDE equipment description,

NDE personnel qualification information, and

conditions.

34

dynamic test data demonstrating the NDE system/operation capabilities under production test
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9.17.9 All product group 1
All lengths shall be inspected for the detection of

— longitudinal and transverse imperfections on the outside and inside surfaces to acceptance level U2
by ultrasonic testing in accordance with I[SO 10893-10 or ASTM E213, and

— laminar imperfections with an area not greater than 260 mm? (0.4 inZ?) when outlined on the outside
surface by ultrasonic testing in accordance with ISO 10893-8.

The signal-to-noise ratio shall not be less than 3 to 1, unless agreed in advance between the purchaser
and the manufacturer.

In a(Jdition, when specified in the purchaser agreement, all lengths shall be inspected for-the detection
of imperfections on the outside surface by one of the following methods:

a) {flluxleakage testing to acceptance level F2 in accordance with ISO 10893-3.0t-ASTM E570; or
b) e¢ddy-current testing to acceptance level E2 in accordance with ISO 108932 or ASTM E(309; or

c) 1magnetic-particle inspection in accordance with ISO 10893-5 or ASTM E709.

9.17|10Full-body NDE of product — Groups 2, 3 and 4
All lgngths shall be inspected for the detection of

a) {fngitudinal and transverse imperfections on the outside and inside surfaces to acceptdnce level U2
y ultrasonic testing in accordance with ISO 1089310 or ASTM E213;

b) laminar imperfections with an area not greater than 260 mm?2 (0.4 in2) when outlined on the
outside surface by ultrasonic testing in accerdance with ISO 10893-8.

All PEL-2 product lengths shall be inspected for the detection of internal and external obliqye notches to
acceptance level U2 by ultrasonic testing, in addition to longitudinal and transverse imperfections. The
angle of the notches shall be validated and documented by manufacturer according to the imperfection
orientation of their typical manufacturing process.

The signal-to-noise ratio shall'not be less than 3 to 1, unless agreed in advance between the purchaser
and the manufacturer.

NOTH For alloys, suchias UNS N10276, a lower signal-to-noise ratio can be necessary.

9.17{11Pipe, coupling stock and accessory material requiring further evaluation

In all casegyindications producing a threshold alarm condition as a result of the spgcified NDE
operption(s) shall have the indications evaluated in accordance with 9.17.12, unles$ it can be
dem(I)nstrated that the imperfection causing the indication is not a defect as described in 7.1 2.

9.17.12Evaluation of indications (prove-up)

For an indication that is greater than or equal to the reject threshold, the manufacturer shall either
evaluate it in accordance with this subclause or dispose of the indication as a defect in accordance
with 9.17.13 or 9.17.14, as applicable. Evaluation of indications shall be performed by NDE level 1
qualified inspectors under the supervision of NDE level 2 qualified or level 3 certified inspectors, or
by NDE level 2 qualified or level 3 certified inspectors. Evaluation of indications shall be performed in
accordance with documented procedures.

When no imperfection is found in the area of the original indication and there is no explanation for the
indication, then the length shall be rejected or, at the manufacturer's option, reinspected full-length
either using the same inspection method or using ultrasonic inspection methods. At the manufacturer's
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option, the inspection equipment shall be adjusted either to the same sensitivity level as that used to
perform the original inspection or to a reduced sensitivity that meets the specified requirements.

For the evaluation of an indicated imperfection, the depth shall be measured by one of the following
methods:

a)

Using a mechanical measuring device (e.g. pit gauge, callipers). Removal of material by grinding
or other means to facilitate measurement shall not, for pipe, reduce the remaining wall thickness
below the requirement specified in 7.12.1 b) or, for coupling stock and accessory material, reduce
the remaining outside diameter or wall thickness below the minimum specified on the purchase
agreement. Abrupt changes in wall thickness caused by material removal during prove-up shall be

b)
differen

If the purch
destructive

Imperfectio
accordance

9.17.13Disj

Imperfectio
allowed tor

Repair by w
Pipe contairy

a) grindin

Using (gn) ultrasonic technique(s) (time- and/or amplitude-based), or other comparable techni
Verification of the ultrasonic technique(s) shall be documented, and shall show_capabili

Smoot}i{‘d.

tiate imperfection sizes larger and smaller than the appropriate defect sizestated in 7

hser and manufacturer do not agree on the evaluation test results, either party may re
evaluation of the material, after which, disposition shall be as described in Annex D.

hs that have been evaluated and found to be defects shall ¢be"given a dispositi
with 9.17.13 and 9.17.14, as applicable.

position of pipe containing defects

hs that satisfy the material requirements and are less;than the defect size stated in 7.1
emain in the pipe.

elding is not permitted.
ing defects shall be treated in one of the-following ways:

b or machining:

Hues.
Ly to
12,

uire

n in

D are

Grinding or machining of quench cracks‘er arc burns is not permitted.

Other defects shall be completely,temoved by grinding or machining, provided the remajning
wall thickness is within the limits specified in Table A.18 or Table C.18. Generous radii shgll be
made tg prevent abrupt charnges in wall thickness. The surface roughness after all local grinding
or machining shall be equal or smoother than that obtainable with a number 36 abrasive| disk
according to ISO 525. Theremaining wall thickness shall be verified in accordance with 9.11.3 and
shall bg within the specified limits. The manufacturer's documented prove-up procedures [shall
addresg the possibility that there can be coincident defects in the affected area. After removal of
the defdct, the affected area shall be reinspected by

1) thel[sande\inspection unit at the same sensitivity that performed the initial inspection, or

l' LA | s A 3 A3 A 'y 1CA 100092 4 ACTNA
lq TUFPTIIC AIITTITIS PTLUIUITN AL UTUTITS TU ToU TU O 7071 Ul IS T'IVT

particle inspection according to ISO 10893-5 or ASTM E709, or

2) etic-

A e I £ e |
LTOO UT TUT gTUUP I, 111d 51

3) another NDE method, or combination of methods, that demonstrates equal or greater

sensitivity than the original NDE.

When method 3) is used, the NDE method (or combination of methods) shall be documented and
shall demonstrate equal or greater sensitivity than the original NDE. In addition, method 3) shall
address the possibility that there can be other coincident defects in the affected area.

b) cut off:
The part of pipe containing the defect shall be cut off within the limits of requirements on length of
the product.
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rejection:

The pipe shall be rejected. All pipes containing quench cracks shall be rejected.

9.17.14Disposition of coupling stock and accessory material containing defects

Imperfections that satisfy the material requirements and are less than the defect size stated in 7.12 are
allowed to remain in the coupling stock or accessory material. Repair welding is not permitted. Coupling
stock and accessory material containing defects shall be given one of the following dispositions:

a)

b)

d)

grinding or machining:

rinding or machining of quench cracks or arc burns is not permitted.

ther defects shall be completely removed by grinding or machining, provided th
utside diameter and wall thickness are within specified limits at the time df enquiry
n the purchaser agreement. Grinding or machining shall be carried out/in’such a
ressed area blends smoothly into the contour of the coupling stock ox a¢cessory mg
rremoval of the defect, the outside diameter and wall thickness shall"be measured in
grea for conformance to specified limits. The affected area shall alSe'be reinspected by

iy
1)

the same inspection unit at the same sensitivity that perforimed the initial inspecti

liquid-penetrant inspection according to ISO 10893-4yer ASTM E165 or for group
particle inspection according to ISO 10893-5 or ASTM'E709, or

3) another NDE method, or combination of metheds, that demonstrates sensitivity]
greater than the original NDE.

ghall demonstrate sensitivity equal to or greater than the original NDE. In addition, me
dddress the possibility that there can be'ether coincident defects in the affected area.

marking the area of defect:

If a defect is not removed from coupling stock or accessory material within acceptablg
the area shall be marked to\indicate the presence of a defect. The marking shall consi
and encircling the coupling stock or accessory material that covers the entire defec
rea is equal to or less,than 50 mm (2 in) in axial length, or bands in a cross-hatche
his area is greater“than 50 mm (2 in) in length. The band colour shall be as agreed |
urchaser and manufacturer.

¢ut off:

the linits of requirements on length of the product.

P remaining
and agreed
vay that the
terial. After
the dressed

on, or

1, magnetic

equal to or

When method 3) is used, the NDE method: (@r combination of methods) shall be documented and

thod 3) shall

limits, then
st of a paint
area if this
d pattern if
between the

The seetion of coupling stock and accessory material containing the defect shall be cut off within

1 pjprfinn-

The coupling stock and accessory material shall be rejected. All coupling stock an
material containing quench cracks shall be rejected.

9.18 Positive material identification

d accessory

Alllengths of groups 2, 3 and 4 shall be inspected by PMI using a method in accordance with ASTM E1476
or API RP 578 to validate that the inspected lengths correspond to the specified material category. PMI
shall be based as a minimum on the detection of Cr, Ni and Mo.

For group 1, PMI can be performed by agreement between purchaser and manufacturer.
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PMI testing shall be performed after final marking. Alternatively, PMI testing may be performed prior
to final marking provided a validated and documented procedure that demonstrates traceability shall

be maintain

ed between PMI testing through final marking.

In case of dispute, a new product chemical analysis in accordance with 9.3 shall govern.

The manufacturer shall establish and follow a documented procedure for the PMI test. This procedure
shall describe, as a minimum:

a) production step in which PMI testing is performed and how traceability is maintained between
PMI testing and final marking;

b) method

c) capability analysis of the method and instrument to differentiate different materialycateg

manufa
detectid

d) surface
shall be

e) instrumn
on refer

f) method
identifi
verifica

g) records

10 Surfad

10.1 Grou

All pipes sh
carried out

The grit bla

10.2 Grou

All pipes sh3

Cleaning should include, but should not be restricted to, the following sequence:

used for PMI testing and identification of the instrument used;

ctured to this document and produced within the same mill, based as a minintum o
n of Cr, Ni and Mo, individually or collectively;

preparation if any; in case the PMI test generates arc burn or other types of mark, f
considered as defects and managed in accordance with 7.12;

ent verification method and frequency; the PMI equipment verification shall be perfo
ence standard(s) once every lot and at least once every shift;

plogy used for the verification of the composition of ‘the reference standard, in W
fation and recording of the serial number of each reference standard is required for
fion;

of training and qualification of personnel per test method and material group.

e treatment

p 1

all be delivered with their_internal surface pickled or grit blasted. Grit blasting shg
1sing stainless steel or alyminium oxide grit.

sting level shall be inaecordance with [SO 8501-1, Sa 2 V5.

ps 2,3 and 4

111 be delivesed with clean external and internal surfaces.

— degreag

ories
h the

hese

‘med

rhich
each

11 be

ing,(for cold-hardened product);

— washing in water;

— pickling;

— final washing in clean water with chloride ion concentration of less than 200 mg/1.

NOTE At low concentrations, “mg/1” is approximately equivalent to the deprecated term “ppm”.

At the end of the cycle, the pipe shall be completely dry.
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11 Marking

11.1 General

Marking shall consist of colour coding and paint or ink stencilling. Die stamping shall be applied only if
specified on the purchase agreement. Additional marking is permitted if agreed between purchaser and
manufacturer. Markings shall not overlap and shall be applied in such a manner as not to damage the
product surface. The detectable composition of the paint or ink shall not be detrimental to the product.

11.2 Colour-code identification

Each|length shall be colour-coded as specified below:

— fiwo bands for the identification of the material category, as given in Table A.26 ot /Tabl¢ C.26;

— one band for the identification of the grade of the material, as given in Table-A!27 or Table C.27.

Bands location, sequence and size are indicated in Figure B.7.

Colotir code identification may be modified or eliminated if so specified eh the purchase orfer.

11.3 Marking content and sequence

The paint or ink stencilling and/or die stamping (see 11.1 fotndie stamping only applying when specified
on the purchase agreement) shall be placed on the sufface of each length starting aftef the colour
coding. Repeated marking along the product length isZacceptable. The height of marking shall be as
given in Table A.25 or Table C.25.

Product shall be marked in the following sequence:
a) anufacturer's name or trademark;

b) reference to this document;

c) date of manufacture;

d) material category and grade;

—

e) ifagreed (see 7.2), theletters “TY” followed by the value agreed to replace 34 MPa (5 ki);

f) for PSL-2 product/ mark L2 and the UNS number; for product as specified in G.2, mhark L2A as
pecified in GB'dnd G.4;

g) lheat nuniber;

h) o¢utsidé diameter and wall thickness or labels 1 and 2 of Table A.16 or Table C.16;

i) umquetengthmumber;

j) length, expressed in millimetres to the nearest millimetre, or metres, to two decimal places
(expressed in feet, to one decimal place);

k) testlot number for mechanical and other tests;
1) additional marking, as agreed between the purchaser and the manufacturer.

Low-stress die-stamping or vibro-etching or equivalent are acceptable. When die stamping is specified
in the purchase agreement (see 11.1), die stamping shall contain as a minimum the unique identification
for each length (h. unique length number).

The date of manufacture is defined as a three-digit number, consisting of the last digit of the year
followed by a two-digit number indicating the month in which the markings are completed.
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11.4 Marking informative for couplings, pup joints and accessories after threading

In order to keep marking consistency with this document, the following recommendations should be
considered for marking couplings, pup joints and accessories.

Copper plating on the outer surface may reduce the paint adherence creating peeling problems.
Couplings and accessories should not be painted with colour bands unless specified in the purchase
order. In case that colour banding in couplings or accessories is specified, colour bands width should be
reduced to a maximum of 12,7 mm (0.5 in). Pup joints should not be painted on the entire surface, and
colour banding should be consistent with plain end colour banding, but with colour bands reduced to a
maximum width of 12,7 mm (0.5 in).

Paint or ink|stencilling and/or die stamping (see 11.1 for die stamping only applying when specifi¢d on
the purchase agreement) should be consistent with the marking on plain end pipe, coupling,stofk or
accessory material and should include the following information:

a) manufafturer’s name or trademark;

b) referenge to this document;

c) date of manufacture;

d) materiall category and grade;

e) ifagreefl (see 7.2), the letters “TY” followed by the value agreed t0 replace 34 MPa (5 ksi);

f) for PSLi{2 product, mark L2 and the UNS number; for prodiict as specified in G.2, mark LZA as
specified in G.3 and G.4;

g) heat number;

h) finished nominal size and weight (Label 1 and 2-of Table A.16 or Table C.16);
i) connection identification, if applicable;

j) length number (consistent with plain end, coupling stock or accessory material unique lgngth
numben);

k) testlot humber for mechanical and other tests;

1) additional marking, as agréeed’between the purchaser and the manufacturer.

12 Surfade protection — Group 1

12.1 Mill varnish Shall be applied on the outside surface of the product to provide protection dfiring
transportatipn-

The following points should be noted:
a) There should be no need for removal of the protective coating before installing the pipe in the well.
b) Correct application of the coating is essential; the following parameters should be assessed:

1) cleanliness of the pipe,

2) temperature at application,

3) thickness of the coating.

After drying the pipe, the ends shall be capped or the internal surface otherwise protected; however,
the caps shall include a vent hole to avoid condensation inside the product.
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12.2 Internal and external protective coatings and end caps for long-term storage shall be by agreement
between the purchaser and the manufacturer.

13 Documents

13.1 Electronic media

A material test report, certificate of conformance or similar document printed from or used in electronic
form from an electronic data interchange transmission shall be regarded as having the same validity
as a counterpart printed in the certifier's facility. The content of the EDI-transmitted document shall be

agre

13.2

Tests
certificates record retention is required (see 13.3). Calibration record retehtion is req
records shall be retained by the manufacturer and shall be available to the purchaser on 1
periqd of three years after the date of purchase from the manufacturer

13.3

The fnanufacturer's certificate shall cite this document, the.revision date thereof, and the |
the product was manufactured. The manufacturer shall provide the following data, as ap
each

a)

b)

f)

g)

h)

j)

© IS0 2020 - All rights reserved

Retention of records

pd between purchaser and manufacturer and shall meet the requirements of this docujment.

p C.21. Test

and inspections requiring retention of records are given in Table A21 or Tabl

Test certificates

item that is specified on the purchase agreement:

gpecified label 1 and label 2 or specified outside diameter and specified wall thick
¢ategory, grade, UNS number (as applicable)ymelting practice and type of heat-treatn
ardened condition and the number of lengths per heat and per test lot;

inimum tempering temperature alléwed by the documented heat-treatment proced
t of quenched and tempered product;

eat number and test lot number;

¢hemical analyses (heat-and product analysis) showing the mass fraction, expressed {
of all elements whose limits or reporting requirements are set in this document;

lest data for all tensile tests required by this document, including yield strength, teng
4nd elongationstogether with the orientation of specimens.

.

[he report Shall show the nominal width of the test specimen when strip specimens 3
diameteriand gauge length when round-bar specimens are used, or it shall state when|
§pecimens are used.

uired. Such
equest for a

SL to which
plicable, for

hess, group,
1ent or cold-

ure for each

IS a percent,

ile strength

re used, the
full-section

pcation and

impact test results (including the sampling frequency, the test criteria, the size, 1

orientation of the test specimen, the nominal test temperature, the absorbed energy measured for
each test specimen and the average absorbed energy for each set of tests), where such testing is
required by this document;

hardness test results (including Rockwell hardness numbers and mean hardness numbers, criteria
and specimen location);

flattening test results;

statement of conformance of microstructure, delta ferrite content, ferrite volume fraction, grain
size, representative photo micrographs, as applicable. For Group 2, report carbide or nitride
precipitates when observed;

pitting corrosion test results, where such testing is required by this document;
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5156

htion

k) visual inspection results;

1) non-destructive examination results, the method of inspection employed (ultrasonic,
electromagnetic, or magnetic particle) and the type (orientation, oblique angle(s) if applicable and
internal or external) and size of the artificial reference indicators used;

m) statement of conformance to each of the dimensional requirements, which includes diameter, wall
thickness, drift, length, straightness, mass and product ends (plain end out-of-squareness);

n) statement of conformance to PMI testing, the method used and the applicable internal procedure
(as applicable);

o) results pfany testing or inspection required at the purchaser's option;

p) statemgnt of conformance with the metallurgical and manufacturing requirements of theISO 1
series for PSL-2.

NOTE Fqr the purpose of this provision NACE MR0175 is equivalent to the ISO 15156 series’

14 Handljng, packaging and storage

14.1 Genefal

Handling, packaging and storage shall be suitable for the grade and censistent with the transport

and storage|requirements, and shall be specified in the purchaseagreement.

14.2 Handling

The handlinjg system shall be designed to avoid any typeof damage to the pipes during transit. Th

of hooks or
with ferrous

similar lifting equipment in the ends of pipes, and for materials in groups 2 to 4, co
metallic materials, shall be prohibited.

14.3 Packaging

14.3.1 Genleral

Products sh
system. Conl
contact bety
(0.008 in) t
plastic film,

Material use

all be packaged in suitable boxes or, by agreement, using another suitable transport
tact between products should be avoided by the use of plastic or other separators, ¥
ween productsand wood should be avoided by the use of plastic film not less than 0,2
hick. Precadfions shall be taken in order to avoid the trapping of humidity unde

d forypackaging shall not cause iron contamination to the product.

e use
ntact

htion
wvhile

mm
I the

htification

14.3.2 Ide

TCITICOtIOLT

Packaging shall include the following minimum identification data:

a) manufacturer's name or mark;

b) type of product and reference to this document;

c) material category and grade;

d) PSLindication;

e) dimensions;

f) number of pieces;
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g) gross mass;
h) purchase agreement number;

i) purchaser's name and address.

14.4 Storage

Products awaiting final delivery or machining should be stored in a covered and dry place, away from
pollution sources such as metallic powder, sea spray and standing water.

Produets-shall be frono nfcarracion and covracinn neaducte vwhaon dalivarad o tha
€5 cHoBe-Hee-61- e o SiohahacorroSionproateeswWwheh-aerverea—+o+tae

Boxels or other transportation systems shall be placed at least 100 mm (4 in) abovecthe ground. Care
shallbe taken during handling in order to avoid damage to packages and protection’

NOTH Group 1 materials are particularly prone to corrosion damage during.storage and additional
precdutions can be necessary, such as avoiding water-absorbent materials (e.g,‘wood) in conflact with the
prodiicts.
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NOTE

Annex A
(normative)

Tables in SI units

The numbers in italics in the table headers indicate column numbers.

Table A.1 — Products manufacturing process, starting material, products forming

and heat-treatment conditions

Products forming Heat-treatment or
Starting material conditions cold-hardened condi- Symbol
tions
1 2 3 4
. Hot finished Quenched and tempered QT
Ingo O/rblllet — Hot-rolled/forged
or Solution-annealed SA
rolled/forged bar _ Hot-extruded
Ingot/billet Cold-hardened? Cold-hardenéd CH
pr — Cold drawing
rolled/forged/machined |or Solution-annealed SA
bar — Cold pilgering
Cold-hardened? Cold-hardened CH
Hot finished hollow — Cold drawing _
or Solution-annealed SA
— Cold pilgering

is defined as

a2 For cold-hardened products, the minimum total hot-work reduction ratio shall be 3:1. Total hot work reduction
he product of the individual reductionp~atios achieved at each step in the hot work operation from ingot or
bloom cross-dection to final hot work cross-section.

ratio

Table A.2 — Nominal analysis)of corrosion-resistant alloy and material categories

Material Typical analysis Grade PRENP
% mass fraction nlin.
Group Structure Category? C Cr Ni Mo 65 80 95 110 | 125 | 140 | Dumber
1 2 3 4 5 6 7 8 9 10 11 12 13 14 5
Mhprtensitic 13-5-2 0,02 13 5 2 N Y Y Y N N I}IA
1 o
Mg : tensitic/ SNV 1390 [ 0,03 | 13 | 05 001 | N Y Y Y N N JIA
erritie

a Designationf of.categories:

— 1st digit: lhosrinal chrominm content;

¢ A 75 grade is available.
d  A90grade is available.
Y: generally available

N: generally not available

NA: not applicable

— 2nd digit: nominal nickel content;
— 3rd digit: nominal molybdenum content.
b PREN =% Cr+3,3 (% Mo +0,5% W) +16 %N

Group 2 may contain tungsten.
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Material TQ};I;Z‘:]S ?:laaclt}i’(i;s Grade Prﬁliir?b
Group Structure Category? C Cr Ni Mo N 65 80 95 110 | 125 | 140 | number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Duplex 22-5-3 0,02 22 5 3 0,18 Y N Y Y Y 35
austenitic/
ferritic 25-7-3 0,02 | 25 7 3 |o18| Y N¢ N Y Y Y 37,5
2 Super-duplex 25-7-4 0,02 25 7 3,8 | 0,27 N Y Nd Y Y Y 40
austenitic/
ferritic 26-6-3 | 0,04 | 255 | 475 | 25 | 1,17 | N Y Y Y Y Y 40
27-31-4 0,02 27 31 3,5 N N N Y Y K NA
3 A‘;Ztlf;‘;zic 25-323 | 002 | 25 | 32 | 3 N | N | N | Y @, v NA
22-35-4 0,03 22 35,5 | 4,5 N N N Y | N NA
21-42-3 0,02 21 42 3 N N N R Ny N NA
22507 | 002 | 22 | 50 N N N bW | v Y NA
Austenitic | 25-50-6 | 0,03 | 25 | 50 | 6 NN [T Y [y | NA
! Nibase 20-54-9 [ 001 | 20 | 54 | 9 |[Fe=17| N N EW | Y Y Y NA
22-5211 | 0,02 | 21,5 | 52 | 11 N NCFN Y Y N NA
15-60-16 | 0,01 15 60 16 |W=4| N /4 W N Y Y Y NA
a [Jesignation of categories: 0\
—| 1stdigit: nominal chromium content; \Q
— 2nd digit: nominal nickel content; \0\
— 3rd digit: nominal molybdenum content. @
b HREN=%Cr+3,3 (% Mo+0,5%W)+16%N S\\'Q
Gifoup 2 may contain tungsten. . ®$
¢ A 75 grade is available. A\
d A 90 grade is available. \o
Y: gengdrally available ) C\)E
N: gengrally not available C)\\
NA: nqt applicable .
>
O
O .
&
2
O
Q.
?\
RS
s
<
© IS0 2020 - All rights reserved 45


https://standardsiso.com/api/?name=511560482c9f37564d1d65bae8f33dfc

ISO 13680:2020(E)

Table A.3 — Mechanical properties at room temperature

Yield strength? Tensile Elongation Mean
strength? hardness
Material Deli\_/e_ry R, R, eb number
condition bo HRC
MPa MPa %
Group | Category | Grade min. max. min. min. max.
1 2 3 4 5 6 7 8 9
80 HF or QT 552 655 621 ¢ 27
13-5-2 95 HF or QT 655 758 724 ¢ 28
1 110 HF or QT 758 965 793 ¢ 32
80 HF or QT 552 655 655 ¢ 23
13-1-0 95 HF or QT 655 758 724 ¢ 26
110 HF or QT 758 965 827 ¢ 32
65 SA 448 621 621 25 26
2253 110 CH 758 965 862 11 36
125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
75 SA 517 689 621 25 26
24-7-3 110 CH 758 965 862 11 36
125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
2 80 SA 552 724 758 20 28
90 SA 621 724 793 20 30
25-7-4 110 CH 758 965 862 12 36
125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
80 SA 552 724 758 20 28
90 SA 621 724 793 20 30
26(-6-3 110 CH 758 965 862 12 36
125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
27{31-4 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
3 25132-3 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
22435-4 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
a  Seerequifementin 7.2 for relationship between tensile and yield strength.
b ¢isthe mjnimum elongationin 50 mmgaugelengthforstripspecimensorin4Dor5Dforroundbarspecimens,expressedin
percent.
AO,Z
¢ e=1944
R0,9
where
A isthe cross-sectional area of the tensile test specimen, expressed in square millimetres, based on the specified
outside diameter or nominal specimen width and the specified wall thickness, rounded to the nearest
10 mm?2, or 490 mm?, whichever is smaller;
R, isthe specified minimum tensile strength, expressed in megapascals.
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Table A.3 (continued)

Yield strength? Tensile Elongation Mean
strength? hardness
Material Delivery R R b number
. 0,2 m e
condition p HRC
MPa MPa %

Group | Category | Grade min. max. min. min. max.
1 2 3 4 5 6 7 8 9
21-42-3 110 CH 758 965 793 11 35
125 CH 862 1034 896 10 37
110 CH 758 965 793 11 35
22-50-7 | 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 1 35
4 25-50-6 | 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
20-54-9 | 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
22-52-11 | 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
4 15-60-16 | 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38

a q

eerequirement in 7.2 for relationship between tensile-and yield strength.

b distheminimumelongationin 50 mm gaugelength ferstripspecimensorin4Dor5Dforroundbarspecimeng, expressedin
pefcent.
AO,Z
¢ b=1944
R0,9
where
A isthe cross-sectional area ofthe'tensile test specimen, expressed in square millimetres, based on the §pecified
outside diameter or nominal specimen width and the specified wall thickness, rounded to the nearest|
10 mm?, or 490 mm?, whicheéver is smaller;
R,, isthe specified minimium tensile strength, expressed in megapascals.
Tablé’A4 — Allowable mean hardness number variation — All categories|
Wall thickness L
t Allowable mean hardness number variation
expressed as HRC
mm
= Cold=lrardened by pilger Attothers
1 2 3
— 9,0 3 3
9,0 12,7 4 3
12,7 19,05 5 4
19,05 25,4 6 5
25,4 — 6 6
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2020 - All rights reserved
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Table A.5 — Acceptable size-impact specimens and absorbed-energy reduction factor

Specimen dimensions
Test specimen size m Absorbed energy reduction factor
1 2 3
Full size 10,0 x 10,0 1,00
%4-size 10,0 x 7,5 0,80
5-size 10,0 x 5,0 0,55

Table AT6 — Hierarchy of testspecimen orientation and size

Choice Orientation Size
1 2 3

1st Transverse Fullsize

2nd Transverse Ya-size

3rd Transverse Ys-size

4th Longitudinal Full size?

5th Longitudinal Y4-size?

6th Longitudinal Y2-size?
a Whgn transverse Charpy V-notch tests % size or greater are not possible forgroups 2, 3 or 4, then flattening tes{s are
required.

Table A.7 — Transverse impact specimen size required

Calculated wall thickness required to machine
transverse Charpy impact specimens
Lapel 1 mm
Full size %4-size 12-size
1 2 3 4
3-% 20,53 18,03 15,53
4 19,09 16,59 14,09
4- 18,05 15,55 13,05
5 17,26 14,76 12,26
§-% 16,64 14,14 11,64
-5 15,62 13,12 10,62
7 15,36 12,86 10,36
% 14,99 12,49 9,99
- 1492 12,42 992
8-% 14,51 12,01 9,51
9-% 14,13 11,63 9,13
10-%4 13,80 11,30 8,80
11-% 13,56 11,06 8,56
13-% 13,24 10,74 8,24

NOTE The above provides a 0,50 mm ID and a 0,50 mm OD machining allowance.
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Table A.8 — Longitudinal impact specimen size required

Calculated wall thickness required to machine
longitudinal Charpy impact specimens
Label 1 mm
Full size 34-size 12-size

1 2 3 4
1.050 11,97 9,47 6,97
1.315 11,77 9,27 6,77

166 1160 910 6,
1.9 11,52 9,02 6,52
2.063 11,48 8,98 6,48
2-% 11,42 8,92 6,42
2-8 11,34 8,84 6,314
3-% 11,28 8,78 6,28
4 11,25 8,75 6,255
4-Y 11,22 8,72 6,212
5 11,20 8,70 6,20
5-% 11,18 8,68 6,18
6-% 11,15 8,65 6,15
7 11,14 8,64 6,14
7-% 11,13 8,63 6,13
7-% 11,13 8,63 6,1B
8-% 11,11 8,61 6,111
9-% 11,10 8,60 6,10
10-% 11,09 8,59 6,09
11-%4 11,08 8,58 6,01
13-3% 11,07 8,57 6,0[7
NOTE The above provides a 0,50 mm JD and a 0,50 mm OD machining allowance.
Table A.9 — Transverse’Charpy absorbed-energy requirements with full-size test specimens
for coupling stock and accessory material, group 1
Maximum critical thickness for various grades? Minimum transverse
mm absorbed energy

80 95 110 J

1 2 3 4

#4173 34,61 24,89 %6

— — 25,77 41

thickness and grade.

a  For wall thickness greater than shown above, the requirements shall be according to the formulae for the critical

© IS0 2020 - All rights reserved
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Table A.10 — Longitudinal Charpy absorbed-energy requirements with full-size test specimens

for coupling stock and accessory material, group 1

Maximum critical thickness for various grades? Minimum longitudinal
mm absorbed energy
80 95 110 J
1 2 3 4
41,73 34,61 24,89 40
— — 25,77 41
a  Forwall thickness greaterthan shown above, the requirements shall be according to the formulae for the wall thickness
and grade.
Table A.11 — Transverse Charpy absorbed-energy requirements with full-size test specimens
for coupling stock and accessory material, groups 2, 3 and 4
Maximum critical thickness for various grades? Minimum transverse
mm absorbed energy
65 75 80 and 90 110 125 140 J
1 2 3 4 5 6 7
26,85 23,15 21,51 13,48 11,86 10,45 27
24,38 22,69 14,35 12,68 11,22 28
25,61 23,86 15,23 13,50 11,99 29
25,03 16,11 1432 12,76 30
26,20 16,99 15,14 13,53 31
17,87 15,96 14,30 32
18,75 16,78 15,06 33
19,62 17,60 15,83 34
20,50 18,42 16,60 35
21,38 19,24 17,37 36
22,26 20,06 18,14 37
23,14 20,88 18,91 38
24,01 21,70 19,67 39
24,89 22,52 20,44 40
25,77 23,34 21,21 41
24,16 21,98 42
24,98 22,75 43
25,80 23,52 44
24.28 45
25,05 46
25,82 47
a  For wall thickness greater than shown above, the requirements shall be in accordance with the formulae for the wall
thickness and grade.
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Table A.12 — Transverse Charpy absorbed-energy requirements with full-size test specimens

for pipe, group 1

Maximum specified wall thickness for various grades?

Minimum transverse
absorbed energy

mm
80 95 110 J
1 2 3 4
51,50 41,73 34,61 40

a  Wall thicknesses greater than standard pipe are shown here for information for special applications. For wall
thicknesses greater than shown above, the requirements shall be according to the formulae for the wall thickness and grade.

Table A.13 — Longitudinal Charpy absorbed-energy requirements with full-size-test{specimens

for pipe, group 1

Maximum specified wall thickness for various grades?

Minimum lopgitudinal
absorbed energy

mm
80 95 110 J
1 2 3 4
51,50 41,73 34,61 4(

a  Wall thicknesses greater than standard pipe are shown here for information for special applicatipns. For wall
thickinesses greater than shown above, the requirements shall be accordingto the formulae for the wall thicknfss and grade.

Table A.14 — Transverse Charpy absorbed-energyrequirements with full-size test

for pipe, groups 2, 3 and 4

specimens

Maximum specified wall thickness for various grades? Minimum|transverse
mm absorbed energy
b5 75 80 920 110 125 140 J
1 2 3 4 5 6 7 8
41,35 34,40 31,54 26,85 20,07 16,36 13,48 27
21,19 17,34 14,35 28
22,31 18,33 15,23 29
23,43 19,31 16,11 30
24,54 20,29 16,99 31
25,66 21,28 17,87 32
22,26 18,75 33
23,24 19,62 34
24,23 20,50 35
25,21 21,38 36
26,19 22,26 37
23,14 38
24,01 39
24,89 40
25,77 41

a  Wall thicknesses greater than standard pipe are shown here for information for special applications. For wall
thicknesses greater than shown above, the requirements shall be according to the formulae for the wall thickness and grade.

© IS0 2020 - All rights reserved

51


https://standardsiso.com/api/?name=511560482c9f37564d1d65bae8f33dfc

ISO 13680:2020(E)

Table A.15 — Charpy absorbed-energy requirements at low temperature with full-size test

specimens for group 2

b The drift diameter is equal to d minus a constant (see Table A.19).

¢ m=0,0246615x (D -t) xt; see 8.1.1 for the multiplication factors with regard to the groups.

Longitudinal absorbed energy Transverse absorbed energy
Test temperature
o J J
Average min. Individual min. Average min. Individual min.
1 2 3 4 5
-46 65 50 45 35
Table A.16 — Specified dimensions and masses of pipe
Outside Wall Inside Drift Alternate Linear
diameter | thickness | diameter? | diameterb drift mass‘
Label 1 Label 2 diameter (~ plainend
D t d m
mm mm mm mm mm kg/n
1 2 3 4 5 6 7 8
1.050 1.14 26,67 2,87 20,93 18,55 — 1,68
1.050 1.48 26,67 391 18,85 16,47 — 2,19
1.315 1.70 33,40 3,38 26,64 24426 — 2,50
1.315 2.19 33,40 4,55 24,30 21,92 — 3,24
1.660 2.09 42,16 3,18 35,80 33,42 — 3,06
1.660 2.30 42,16 3,56 35,04 32,66 — 3,39
1.660 3.03 42,16 4,85 32,46 30,08 — 4,46
1.900 2.40 48,26 3,18 41,90 39,52 — 3,54
1.900 2.75 48,26 3,68 40,90 38,52 — 4,05
1.900 3.65 48,26 5,08 38,10 35,72 — 5,41
1.900 4.42 48,26 6,35 35,56 33,18 — 6,56
1.900 5.15 48,26 7,62 33,02 30,64 — 7,64
2.063 3.24 52,40 3,96 44,48 42,10 — 4,73
2.063 4.50 52,40 5,72 40,96 38,58 — 6,58
2-% 4.00 60,32 4,24 51,84 49,46 — 5,86
2-% 4.60 60,32 4,83 50,66 48,28 — 6,61
2-% 5.80 60,32 6,45 47,42 45,04 — 8,57
2-%g 6.60 60,32 7,49 45,34 42,96 — 9,76
2-%g 735 60,32 8,53 43,26 40,88 — 10,89
2-8 6.40 73,02 5,51 62,00 59,62 — 9,17
2-"8 7.80 73,02 7,01 59,00 56,62 — 11,41
2-8 8.60 73,02 7,82 57,38 55,00 — 12,57
2-78 9.35 73,02 8,64 55,74 53,36 — 13,72
2-78 10.50 73,02 9,96 53,10 50,72 — 15,49
2-78 11.50 73,02 11,18 50,66 48,28 — 17,05
3-% 7.70 88,90 5,49 7792 74,74 — 11,29
3-% 9.20 88,90 6,45 76,00 72,82 — 13,12
3-% 10.20 88,90 7,34 74,22 71,04 — 14,76
a  d=D-2t
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Table A.16 (continued)
Outside Wall Inside Drift Alternate Linear
diameter | thickness | diameter? | diameterb drift mass¢
Label 1 Label 2 diameter plain end
D t d m
mm mm mm mm mm kg/m
1 2 3 4 5 6 7 8
3-% 12.70 88,90 9,52 69,86 66,68 — 18,64
3-1 14.30 88,90 10,92 67,06 63,88 — 21,00
315 T5.50 8890 TZ,09 6472 6T,5% — 1] 2290
B-14 17.00 88,90 13,46 61,98 58,80 — | 25,04
4 9.50 101,60 5,74 90,12 86,94 e 13,57
4 10.70 101,60 6,65 88,30 85,12 -2 15,57
4 13.20 101,60 8,38 84,84 81,66 |57 — 19,27
4 16.10 101,60 10,54 80,52 7734y — 23,67
4 18.90 101,60 12,70 76,20 7302 — 27,84
4 22.20 101,60 15,49 70,62 6744 — 32,89
-1 9.50 114,30 5,21 103,88 << 100,70 — 14,02
-1 10.50 114,30 5,69 102,92 ]7 99,74 — 15,24
-1/, 11.60 114,30 6,35 101,60 98,42 — 16,91
-1 12.60 114,30 6,88 100,54 97,36 — 18,23
t-1 13.50 114,30 737  |."599,56 96,38 — 19,44
-1, 15.10 114,30 856-0] 9718 94,00 — 22,32
-1 17.00 114,30 9,65 95,00 91,82 — 24,90
-1/ 18.90 114,30 (10,92 92,46 89,28 — 27,84
t-1 21.50 114,30 12,70 88,90 85,72 — 31,82
- 23.70 114,30. { 14,22 85,86 82,68 — 35,10
1-1 26.10 114330 16,00 82,30 79,12 — 38,79
5 11.50 (127,00 5,59 115,82 112,64 — 16,74
5 13.00 _{0) 127,00 6,43 114,14 110,96 — 19,12
5 15.00-\4 127,00 7,52 111,96 108,78 — 22,16
5 1800~ 127,00 9,19 108,62 105,44 — 26,70
5 2140 127,00 11,10 104,80 101,62 — 31,73
5 {0 23.30 127,00 12,14 102,72 99,54 — 34,39
5,0 2410 127,00 12,70 101,60 98,42 — 35,80
T2 14.00 139,70 6,20 127,30 124,12 — 20,41
5-% 15.50 139,70 6,98 125,74 122,56 — 22,85
5-1 17.00 139,70 7,72 124,26 121,08 — 25,13
5-1 20.00 139,70 9,17 121,36 118,18 — 29,52
5-% 23.00 139,70 10,54 118,62 115,44 — 33,57
5-% 26.80 139,70 12,70 114,30 111,12 — 39,78
5-% 29.70 139,70 14,27 111,16 107,98 — 44,14
5-1 32.60 139,70 15,88 107,94 104,76 — 48,49
a d=D-2t
b The drift diameter is equal to d minus a constant (see Table A.19).
¢ m=0,0246615x (D -t) xt; see 8.1.1 for the multiplication factors with regard to the groups.
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The drift diameter is equal to d minus a constant (see Table A.19).
m=0,024 6615 x (D -t) x t; see 8.1.1 for the multiplication factors with regard to the groups.

Table A.16 (continued)
Outside Wall Inside Drift Alternate Linear
diameter | thickness | diameter? | diameterP drift mass¢
Label 1 Label 2 diameter plain end
D t d m
mm mm mm mm mm kg/m
1 2 3 4 5 6 7 8
5-% 35.30 139,70 17,45 104,80 101,62 — 52,61
5-% 38.00 139,70 19,05 101,60 98,42 — 56,68
5-% 7050 139,70 70,62 96,46 J5,78 = 50,53
5-% 43.10 139,70 22,22 95,26 92,08 — 64,34
6-% 20.00 168,28 7,32 153,64 150,46 —  ]."1729,04
6-% 24.00 168,28 8,94 150,40 147,22 — .97 3513
6-% 28.00 168,28 10,59 147,10 143,92 =57 41,18
6-% 32.00 168,28 12,06 144,16 140,98 o 46,44
7 17.00 177,80 5,87 166,06 162,88 |\“O — 24,89
7 20.00 177,80 6,91 163,98 160,80 (> — 29,12
7 23.00 177,80 8,05 161,70 15852 | 15875 33,7
7 26.00 177,80 9,19 159,42 186,24 — 38,2]
7 29.00 177,80 10,36 157,08 |, 3153,90 — 42,7¢
7 32.00 177,80 11,51 154,78 ¢ 151,60 152,40 47,2(
7 35.00 177,80 12,65 152,50~ | 149,32 — 51,5
7 38.00 177,80 13,72 150,36 147,18 — 55,5
7 42.70 177,80 1588 | 146,04 142,86 — 63,41
7 46.40 177,80 17,45 < |~ 142,90 139,72 — 69,01
7 50.10 177,80 19,05 | 139,70 136,52 — 74,5¢
7 53.60 177,80 | 20,62 136,56 133,38 — 79,93
7 57.10 177,80 |5\22,22 133,36 130,18 — 85,2
7-% 24.00 193,68~ 762 178,44 175,26 — 34,9¢
7% 26.40 19368 | 833 177,02 173,84 — 38,0¢
7% 29.70 19368 9,52 174,64 171,46 — 43,24
7-% 33.70  |<)193,68 10,92 171,84 168,66 — 49,21
7-% 39.00 - 193,68 12,70 168,28 165,10 — 56,64
7-% 42.80) | 193,68 14,27 165,14 161,96 — 63,14
7% 45330 193,68 15,11 163,46 160,28 — 66,54
7% ||& 4710 193,68 15,88 161,92 158,74 — 69,6
7% 51.20 193,68 17,45 158,78 155,60 — 75,84
7% 55.30 193,68 19,05 155,58 152,40 — 82,04
7% 46.10 196,85 15,11 166,63 163,45 165,10 67,72
8-% 24.00 219,08 6,71 205,66 202,48 — 35,14
8-% 28.00 219,08 7,72 203,64 200,46 — 40,24
8-% 32.00 219,08 8,94 201,20 198,02 200,02 46,33
8-% 36.00 219,08 10,16 198,76 195,58 — 52,35
d=D-2t.
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Table A.16 (continued)
Outside Wall Inside Drift Alternate Linear
diameter | thickness | diameter? | diameterb drift mass¢
Label 1 Label 2 diameter plain end
D t d m
mm mm mm mm mm kg/m
1 2 3 4 5 6 7 8
8-% 40.00 219,08 11,43 196,22 193,04 193,68 58,53
8-% 44.00 219,08 12,70 193,68 190,50 — 64,64
8% 7900 719,08 24,15 90,78 TS7.60 — 1] 7L51
D-5% 32.30 244,48 7,92 228,64 224,67 — | 46,20
D-5% 36.00 244,48 8,94 226,60 222,63 e 51,93
D-5% 40.00 244,48 10,03 224,42 220,45 222,25 57,99
D-% 43.50 244,48 11,05 222,38 21841 |57 — 63,61
D-% 47.00 244,48 11,99 220,50 216,53 — 68,75
D-5%4 53.50 244,48 13,84 216,80 212,83 | 21590 78,72
D-5% 58.40 244,48 15,11 214,26 | 210,29 212,72 85,47
D-5% 59.40 244,48 15,47 213,54 < 209,57 — 87,37
D-% 64.90 244,48 17,07 210,34 |” 206,37 — 95,73
D-5% 70.30 244,48 18,64 207,20" 203,23 — 103,82
D-5% 75.60 244,48 20,24 204,00 200,03 — 111,93
10-34 32.75 273,05 709 | 25887 254,90 — 46,50
{0-% 40,50 273,05 889.0 25527 | 251,30 — 5791
10-3 45.50 273,05 1016° | 252,73 248,76 250,82 65,87
10-3 51.10 273,05 11543 250,19 246,22 — 73,75
10-34 55.50 273,05 712,57 24791 243,94 24448 80,75
10-34 60.70 273,05. 1 13,84 245,37 241,40 — 88,47
10-34 65.70 273,05 15,11 242,83 238,86 — 96,12
10-3 73.20 27305 17,07 238,91 234,94 — 107,76
10-34 79.20 _{0) 273,05 18,64 235,77 231,80 — 116,95
10-34 85.30-\ 273,05 20,24 232,57 228,60 — 126,19
11-% 4200~ 298,45 8,46 281,53 277,56 279,40 60,50
11-% +47.00 298,45 9,52 279,41 275,44 — 67,83
113 {80 '54.00 298,45 11,05 276,35 272,38 — 78,32
11-% >~ 60.00 298,45 12,42 273,61 269,64 269,88 87,61
1% 65.00 298,45 13,56 271,33 267,36 269,88 95,27
11-3% 71.00 298,45 14,78 268,89 264,92 — 103,40
13-% 48.00 339,72 8,38 322,96 318,99 — 68,48
13-3% 54.50 339,72 9,65 320,42 316,45 — 78,55
13-3% 61.00 339,72 10,92 317,88 313,91 — 88,55
13-% 68.00 339,72 12,19 315,34 311,37 — 98,46
13-% 72.00 339,72 13,06 313,60 309,63 311,15 105,21
d=D-2t.
The drift diameter is equal to d minus a constant (see Table A.19).
m=0,024 6615 x (D -t) x t; see 8.1.1 for the multiplication factors with regard to the groups.
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Table A.17 — Range length

Dimensions in metres

. Range 1 Range 2 Range 3
Pipes for (R1) (R2) (R3)
1 2 3 4
. Total range length, inclusive 4,88to 7,62 7,62 to 10,36 10,36 to 14,63
Casing and - — — 5
tubing Maximum p_erm1551ble variation on 100 % on 152
each order item of 18 144 kg or more ’
. Length? 0,61; 0,91; 1,22; 1,83; 2,44; 3,05; 3,66
Pup joints
Tolerance +0,076
Coupling stpck and accessory material By agreement
a 0,61 m pyip joints may be furnished up to 0,91 m long by agreement between manufacturer and purchaser; lepgths
other than th¢se listed may be furnished by agreement between manufacturer and purchaser.

Table A.18 — Tolerances on dimensions and mass

Outside Tolerance for supply condition
diameter Outside diameter? Wall thickness Massb
D
QT — SA CH QT — SA CH QT — SA CH
mm
1 2 3 4 5. 6 7
- - +6.,5 +6,5
<114,3 +0,79 mm +0,79 mm 125 % )10 % 3% % 35 9
1 1 — — +6,5 +6,5
2114,3 To5 % Y05 % “125 % _10 % “35 % “35 7

a  Qut-of-ro

ndness is included in the D tolerance.

b The tolerjince is quoted for a single length. On each orderitem of 18 144 kg or more, the tolerance is -1,75 %.

Table A.19 — Standard drift mandrel dimensions

Dimensions in millimetres

Outside diameter Drift mandrel size
Pipes for D minimum
> < Length Diameter
1 3 4 5
) — 219,08 152 d-3,18
Casirnlg
219,08 — 305 d- 397
) — 73,03 1067 d-2,38
Tubing
73,03 — 1067 d-3,18
NOTE d is giverrr Tabte A-16:
Table A.20 — Alternate drift mandrel dimensions
Outside Wall Drift mandrel size Linear mass
diameter thickness s lain end
Label 1 Label 2 D t minmmum P m
Length Diameter

mm mm mm mm kg/m

1 2 3 4 5 6 7
7 23.00 177,80 8,05 152 158,75 33,70
7 32.00 177,80 11,51 152 152,40 47,20
7-% 46.10 196,85 15,11 152 165,10 67,72
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Table A.20 (continued)
Outside Wall Drift mandrel size Linear mass
Label 1 Label 2 dianl;eter thicl;ness minimum plai; end
Length Diameter
mm mm mm mm kg/m
1 2 3 4 5 6 7

8-% 32.00 219,08 8,94 152 200,02 46,33
8-% 40.00 219,08 11,43 152 193,68 58,53
9-54 40.00 244,48 10.03 305 222,25 57,99
9-% 53.50 244,48 13,84 305 215,90 78,72
9-% 58.40 244,48 15,11 305 212,72 85,47
10-% 45.50 273,05 10,16 305 25082 65,87
10-3% 55.50 273,05 12,57 305 244748 80,75
11-34 42.00 298,45 8,46 305 279,40 60,50
11-34 60.00 298,45 12,42 305 269,88 87,61
11-34 65.00 298,45 13,56 305 269,88 95,27
13- 72.00 339,72 13,06 305 311,15 105,21

Table A.21 — Type and frequency of tests fornon-upset and upset product

Type of test or requirements requi'll"(:esr;ents El:t}g:tiﬂg Test methods Requirements
1 2 3 4 5

Heat|analysis md 1 per heat 9.3.2 71
Product |Non-remelted alloy md 2 per heat 3.2 71
analysis |Remelted alloy md 1 per ingot 9.3.2 71
Chrgmium depletion test pde 1 per test lot¢ 9.3.3 9.3.3
Roomp-temperature tensile test md 1 per test lot¢ 9.5.2 7.2
Elevated-temperature tensile test od 1 per test lot¢ 9.5.2 7.2
Hardness test md 1 series/test lot¢ 9.6.2 73
Imp4ct or flattening test md 9.7.2 9.7.30r9.74.1 74,17.5,7.6,7.7
Imp3ct test at low tempe€rature oh 1 per test lot 9.8 7.8
Pitting corrosion test oh 1 per test lot 9.9 79.2
Micrpstructuge-examination md 1 per test lot¢ 9.10.2 710
Visupl inspéction m Each length 9.16 711,712,8.4
PMI m (of) Each length 9.18 71

Diménsional fpch'ng-

¢ Minimum 1 per heat.

e Option for groups 2, 3 and 4 only.
f - Option for group 1 only.

h Option for group 2 only.
m: mandatory

o: optional (an agreement is required)

a2 Mandatory for groups 2, 3 and 4 PSL-2 only.

d  Itisrequired that data records be retained.

g  When NDE on untested end is applied in lieu of cropping untested end.

b For definition of “test lot”, see 3.1.22. See Table A.22 for the maximum number of lengths in a test lot.
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Table A.21 (continued)

Type of test or requirements requ’il;'isl:lents E;ig:;g;{: Test methods Requirements
1 2 3 4 5
Heat analysis md 1 per heat 9.3.2 71
— Outside diameter m Eachleerrll(;&f each 9.11.2 —Ta,?;illz 'g&nd
— Wall thickness m Eachleerrll(; tO}f each 9.11.3 —Ta,?;illz 'E&nd
Tabte A-t6 qnd
— Drifttest m Each pipe 9.12 Table Ax19 pr
Table A20
— Length md Each length 9.13 Table A.17
— Straightpess m Each pipe 9.14 8.3.3
— Mass m Each pipe 9.15 Table Alg Telal lA.i.laisnd
Non-destrudtive examination:
— UT for lopgitudinal defects md Each length 9.17.979:17.10 712
— UT for triansverse defects md Each length 90%9,9.17.10 712
— UT for la|minar defects md Each length 9.17.9,9.17.10 712
— UT for oll)lique defects m? Each length 9.17.10 712
— UT for wgll thickness md Each length 9.11.4;9.17 712;8.1;8.8.1
— EMI odf Each length 9.17.9 712
— MT of Eacdhjlength 9.179 712
— NDE of uptested ends mé Each length 9.17.5 712
— NDE of ubset ends m Edch upset length 9.17.6 712
— Dispositjon of defects m Etzci}r:ifg%lte};ecc?cr;- 9.17.13,9.17.14 712
a  Mandatoty for groups 2, 3 and 4 PSL-2 only.
b For definjtion of “test lot”, see 3.1.22. See.Table A.22 for the maximum number of lengths in a test lot.
¢ Minimum 1 per heat.
d  Itisrequired that data records\béretained.
¢ Option fof groups 2, 3 and4 only.
f Option fof group 1 only.
g€  When NDE on untested end is applied in lieu of cropping untested end.
h Option fof group:2-only.
m: mandatory
o: optional (an agreement is required)
Table A.22 — Maximum number of lengths per test lot
Number? of lengths for
Group . Coupling stock and
Pipe accessory material
1 2 3
1 100 20
2,3,4 50 10
NOTE For the pup joints, see 9.2.
2 Residual quantities of less than 20 % of the maximum number of lengths per testlot may be added to one testlot per heat.
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Table A.23 — Artificial reference indicator

Acceptance Notch depth® Notch length Width Radially drilled
inspection level max. (max. at full depth) max. hole diameter®
1 2 3 4 5

U2/F2/E2 5% 50 mm 1 mm 1,6 mm

NOTE See Figure B.8.

b rilled hole diameter (through the pipe wall) shall be based on the drill bit size

a  Depth as a percent of specified wall thickness. The depth tolerance shall be +15 % of the calculated notch depth with a
minimum notch depth of 0,3 mm + 0,05 mm.

Table A.24 — Acceptance level

Grofip NDT External imperfection Internal imperfection
method |Longitudinal | Transverse Oblique |Longitudinal| Transverse Oblique
1 2 3 5 6 7 8
UT U2 — U2 U2 —
! nfstcl(l)éléib F2 or E2 F2 or E2 - ye) — -
2,34 uT U2 U2a U2 U2 U2a

a2 For PSL-2 product only.

b For optional second method, see 9.17.9.

Table A.25 — Marking height

Dimensions jn millimetres

D Minimum height of marking
Die stamping Paint or ink stengdilling
1 2 3
<101,60 4 =8
>101,60 6 212

Table A.26 — Colour coding for material category

Material category

Colour coding

1 2

13-5-2 white and green

13-1-0 white and red

22-5-3 red and red

25-7-3 red and orange

25-7-4 red and yellow

26-6-3 green and green
27-31-4 green and brown
25-32-3 green and orange
22-35-4 white and blue
21-42-3 yellow and yellow
22-50-7 yellow and orange
25-50-6 yellow and green
20-54-9 yellow and blue
22-52-11 white and brown
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Table A.26 (continued)
Material category Colour coding
1 2
15-60-16 yellow and brown
Table A.27 — Colour coding for material grade
Material grade Colour coding
1 2
65 yellow
75 blue
80 red
90 brown
95 silver
110 white
125 orange
140 green
Table A.28 — PSL-2 product mechanical properties ab room temperature
Yield Tensile Elongation Mean
Material strengthad strength? hardné¢ss
identity| UNS Grade De]iYe-ry Rpg’z R, eb numbérd
number condition MPa MPa % HRA
Group Catlegory min. max. min. min. max
1 2 3 4 5 6 7 8 9 10
80 QT 552 655 621 ¢ 27
1 1352 S41426 95 QT 655 724 724 c 27
65 SA 448 621 621 25 26
22-5-3 §$31803 110 CH 758 965 862 11 36
125 CH 862 1000 896 10 36
75 SA 517 689 621 25 26
25-7-3 S31260 110 CH 758 965 862 11 36
125 CH 862 1000 896 10 36
80 SA 552 724 758 20 28
90 SA 621 724 793 20 30
2 832750 ¥10 CH 758 965 862 12 36
125 CH 862 1000 896 10 36
80 SA 552 724 758 20 28
90 SA 621 724 793 20 30
2974 1 832760 | 190 CH 758 | 965 862 12 36
125 CH 862 1000 896 10 36
80 SA 552 724 758 20 28
(e]1] SA 621 724 793 20 30
>3727% 1 110 CH 758 | 965 862 12 36
125 CH 862 1000 896 10 36
a See requirement in 7.2 for relation between tensile and yield strength.
b e is the minimum elongation in 50 mm gauge length for strip specimens or in 4D or 5D for round bar specimens, expressed in
percent.
1944 A
c e= _
0,9
Rm
where
A isthe cross-sectional area of the tensile test specimen, expressed in square millimetres, based on specified
outside diameter or nominal specimen width and specified wall thickness, rounded to the nearest
10 mm?, or 490 mm?, whichever is smaller;
R, isthe specified minimum tensile strength, expressed in megapascals.
d Other values may be agreed between purchaser and manufacturer, subject to the requirements in G.2.
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Table A.28 (continued)
Yield Tensile Elongation Mean
Material strengthad strength? hardness
identity UNS | . de | Delivery Ryg 2 Ry, eb numberd
number condition MPa MPa % HRC
Group Category min. max. min. min. max.
1 2 3 4 5 6 7 8 9 10
110 CH 758 965 793 11 33
27-31-4 | NOBO28 | 455 CH 862 | 1000 896 10 35
3 110 CH 758 965 793 11 33
25-32-3 NO8535 125 CH 862 1000 896 10 35
22-35-4 N08135 110 CH 758 965 793 11 33
110 CH 758 965 793 11 35
21-42-3 | NOBBZ5 | 455 CH 862 | 1000 896 16 35
110 CH 758 965 793 ¥1 35
22-507 | NO6985 | 55 CH 862 | 1034 896 10 37
110 CH 758 965 793 11 35
N06255 125 CH 862 1034 896 10 37
4 25-50-6
NO6975 110 CH 758 965 793 11 35
125 CH 862 1034 896 10 37
110 CH 758 965 793 11 35
20-54-9 1 NO6950 | o5 CH 862 | 1034 896 10 37
110 CH 758 965 793 11 35
15-60-16 N10276 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
a SJee requirement in 7.2 for relation between tensile and yield strength.
b € is the minimum elongation in 50 mm gauge length for strip\specimens or in 4D or 5D for round bar specimefs, expressed in
perg¢ent.
AO,Z
¢ =1 944W
Ry
where
A |is the cross-sectional area of the tensile test specimen, expressed in square millimetres, based on specified
outside diameter or nominal specimen width and specified wall thickness, rounded to the nearest
10 mm?, or 490 mm?, whichever is smaller;
R,| isthe specified minimum tensile strength;expressed in megapascals.
d (ther values may be agreed between/pureliaser and manufacturer, subject to the requirements in G.2.
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Table A.32 — Longitudinal Charpy absorbed-energy requirements with full-size test specimens

for bar or drilled bar, groups 1 and 2

Material Test Longitudinal absorbed energy
identity UNS Grade | Pelivery | temperature ]
number condition .
Group | Category C Average min. | Individual min.
1 2 3 4 5 6 7 8
95 _ 40
S41425 QT 10 60
110 QT -10 60 40
95 40
| -10 [$]4)
L 13-52 | S41426 ?
110 QT -10 60 40
95 - 40
541427 QT 10 60
110 QT -10 60 40
$31803 65 SA -46 41 30
22-5-3
S$32205 65 SA -46 41 30
S$32550 80 SA -46 41 30
S32750 80 SA -46 41 30
2 S32760 80 SA -46 41 30
25.7-4 802 SA ~46 41 30
85p SA -46 41 30
S39277¢
85¢ SA -46 27 20
85d SA -46 30 20

b For bar diameters up to 165,1 mm, inclusive.

¢ Hor bar diameters greater than 165,1 mmap-to 203,2 mm, inclusive.

d  For bar diameters greater than 203,2 mn. Test location shall be 38,1 mm below surface.

a2  Hor bar diameters up to 165,1 mm, inclusive. Requiremeénts for bar diameters greater than 165,1 mm are|by agreement
between purchaser and manufacturer.

¢ §39277 grade 85 also meets the réquirements of grade 80 for bar diameters up to 165,1 mm, inclusive.

Table A.33 — Microscopic cleanliness acceptance limits for bar or drilled bar, gfoup 1

Severity
Inclusiéns? (maximum)
Heavy Thin
Typd A (sulphide) 1,0 1,0
Typd B (aliiminium) 2,5 3,0
Typd Csilicate) 2,0 2,0
Type D (globular) 2,0 2,0

resolution.

a  Other features, anomalies or gross defects noted by the inspector/metallurgist while reviewing the microetched
material either shall result in rejection, or shall be allowed a retest, or shall be brought to the attention of the purchaser for
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Annex B
(normative)

Figures in SI (USC) units

Dimensions in millimetres

= 1 2
<
o—
o
vi
L
Key
1 tautstrigg or wire
2 pipe
Figure B.1 — Measuring full-length straightness
Dimensions in millimetres (inches)
3 1 2
s
®
s
vi
*
\
1520 (60)
!
3
Key

1  straightedge used for measuring
2 pipe
3 hooked end

Figure B.2 — Measuring end straightness
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Dimensions in millimetres (inches)

O |

0,3 (0.012)

4.8 (3/16) o
0,5
VA Z

Figure B.3 — Example of a typical 90° hook-type tool

1 indentation at mid¢swall location
2 indentation at OD Jocation

3 indentation apID location

4 ardness‘indentation test block

Testing iscrequired in only one quadrant. In the above figure, hardness indents are shown in more thap one
quadrant,only to illustrate details.

a I'he outer and inner tests shall be taken between Z,54 mm (0.100 in) and 3,81 mm (U.150 in) from the
applicable surface, as follows:

— for t<7,62 mm (0.300 in), one row shall be used;
— for 7,62 mm (0.300 in) <t < 11,43 mm (0.450 in), two rows shall be used;
— fort>11,43 mm (0.450 in), three rows shall be used.

An error can result if an indentation is spaced closer than 2 % diameters from its centre to the edge of the
specimen or three diameters from another indentation measured centre-to-centre.

b The mean hardness number is the average of three Rockwell hardness numbers in the same location.
¢ Rockwell hardness indentation data are called Rockwell hardness numbers.

Figure B.4 — Hardness test
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Key
1 longitud]nal test piece

2 transverpe test piece

Figure B.5 — Orientation of impact test pieces

Dimehsions in millimetres (inches)

=135 (0.53) =28 (11) =13,5 (053

20,5

a Outside ¢liameter curvature.

Figure B.6 — D curvature allowance on impact test transverse test piece
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Dimensions in millimetres (inches)

=600 (24) |
|
212,7 {0.5) . 225 (1)
|
225 (1) 225 (1)
=300 (12) =25 (1)
1 ~
2 3
Key
1 pipeend

2 bands denoting material category
3 band denoting material grade

Figure B.7 — Position of bands for colour coding
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Key
A
B
C

72

notch wi
notch de|
hole diar

N

a) Notch — Inner surface
A

dth
pth
heter

N

b) Notch — Outer surface

® :

c)Radially drilled hole

Figure B.8 — Non-destructive examination reference indicators
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NOTE

Annex C
(normative)

Tables in USC units

The numbers in italics in the table headers indicate column numbers.

ISO 13680:2020(E)

and heat-treatment conditions

Table C.1 — Products manufacturing process, starting material, products forlhing

$tarting material Products forming Heat-treatment or Svmbol
] g conditions cold-hardened conditions y
1 2 3 4
. Hot finished Quenched and tempered QT
Ingot()/l}Jlllet — Hot-rolled/forged
or Solution-annealed SA
rolled/forged bar _ Hot-extruded
Ingot/billet Cold-hardened? Cold-hardened CH
or — Cold drawing
rolled/forged/machined |or Solution-annealed SA
bar — Cold pilgering
Cold-hardened? Cold-hardened CH
Hot finished hollow — Cold drawing _
or Solution-annealed SA
— Cold pilgering
a2  For cold-hardened products, the minimum totalhot work reduction ratio shall be 3:1. Total hot work r¢duction ratio
is defined as the product of the individual reduetion ratios achieved at each step in the hot work operation|from ingot or
bloo1n cross-section to final hot work cross-séction.

Table C.2 — Nominal analysis of corrosion-resistant alloy and material categdries

Material 1%‘::;‘;2'5;‘;‘3; z;s Grade ng:b
Groy Structure Catégory? C Cr Ni Mo 65 80 95 110 | 125 | 140 | number
1 2 3 4 5 6 7 8 10 11 12 13 1 15
Martensitic 13-5-2 0,02 13 5 2 — N Y Y Y N N NA
! Martenq¥fc/ 1310 | 003| 13 | 05 | — |00t | N | Y [ v | Y | N | } NA
ferhitic
a Iesignation.of categories:
—| Istdigit: nominal chromium content;
——2mdigitrTroTTTatTckeoTTte Tt
— 3rd digit: nominal molybdenum content.
b PREN=%Cr+3.3 (%Mo +0,5%W)+16 %N
Group 2 may contain tungsten.
¢ A 75 grade is available.
d  A90 grade is available.
Y: generally available
N: generally not available
NA: not applicable
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Table C.2 (continued)

NA: not applicabl

Material Typical analysis Grade PREN®
% mass fraction min.
Group Structure Category? C Cr Ni Mo N 65 80 95 110 | 125 | 140 | number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Duplex 22-5-3 0,02 22 5 3 0,18 Y N Y Y Y 35
austenitic/
ferritic 25-7-3 0,02 25 7 3 0,18 Y Ne N Y Y Y 37.5
2
Super-duplex 25-7-4 0,02 25 7 3,8 | 0,27 N Y Nd Y Y Y 40
austenitic/
ferritic 26-6-3 0,04 | 255 | 475 | 2,5 1,17 N Y Y Y Y Y 40
J 27-31-4 0,02 27 31 3,5 — N N N Y Y Y (\I\A
Aulstenitic
3 . 25323 002 25 [ 32 | 3 [ — | N | N | N | Y [ VY | Y Q‘)],\f\A
2235-4 | 003| 22 [355] 45 | — | N N N Y y | N7 Na
21-42-3 | 0,02 | 21 | 42 — | N N N Y Y SN NA
22-50-7 0,02 22 50 — N N N Y dp Y NA
25-50-6 | 0,03 | 25 | 50 — v N N[ v [ | v Na
Austenitic _ i
4 Ni base 20549 | 001 | 20 | 54 | 9 Ff7 N | N | NG Y | Y NA
N\
22-52-11 0,02 | 21,5 52 11 — N N /NO\ Y Y N NA
15-60-16 0,01 15 60 16 V\gz N N <5§\l Y Y Y NA
Ye)
a Designationfof categories: \\\
— 1stdigit:jnominal chromium content; 5\0
— 2nd digit| nominal nickel content; \QQ
— 3rd digit{nominal molybdenum content. $\
b PREN=%Cf+3.3 (% Mo +0,5% W) +16%N .\@
Group 2 may|contain tungsten. A
¢ A 75 grade if available. \o
d A 90 grade if available. ‘\C\)b
Y: generally availjible C)\
N: generally not ayvailable :

74
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Table C.3 — Mechanical properties at room temperature

R

m

A isthe cross-sectional area of the tensile test specimen, expressed in square inches, based on the
specified outside diameter or nominal specimen width and the specified wall thickness, rounded
to the nearest 0.01 in?, or 0.75 in2, whichever is smaller;

is the specified minimum tensile strength, expressed in thousand pounds per square inch.

Yield strength? Tensile Elongation Mean
. strength? hardness
Material Delivery Ry, R, eb number
condition ksi ksi % HRC
Group | Category | Grade min max. min. min. max.
1 2 3 4 5 6 7 8 9
80 HF or QT 80 95 90 ¢ 27
13-5-2 95 HF or QT 95 110 105 ¢ 28
1 10 HF or QT 110 =0 115 c 32
80 HF or QT 80 95 95 ¢ 23
13-1-0 95 HF or QT 95 110 105 ¢ 26
110 HF or QT 110 140 120 ¢ 32
65 SA 65 90 90 25 26
22.5-3 110 CH 110 140 125 11 36
125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
75 SA 75 100 90 25 26
25.7.3 110 CH 110 140 125 11 36
125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
2 80 SA 80 105 110 20 28
90 SA 90 105 115 20 30
25-7-4 110 CH 110 140 125 12 36
125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
80 SA 80 105 110 20 28
90 SA 90 105 115 20 30
26-6-3 110 CH 110 140 125 12 36
125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
110 CH 110 140 115 11 35
27-31-4 125 GH 125 150 130 10 37
140 CH 140 160 145 9 38
110 CH 110 140 115 11 35
3 25-32-3 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
v10 CH 110 140 115 11 35
22-35-4 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
a2 Jeerequirementin 7.2 for relation between tensile and yield strength.
b d iSthéminimum elongationin 2.0 in gaugelength for strip specimensorin4D or 5D forroundbarspecimens, expressedin
pe cent
A0'2
¢ e=625000——
0,9
Rm
where
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Table C.3 (continued)

Yield strength? Tensile Elongation Mean

. strength? hardness

Material Delivery Ryo2 R, eb number
condition ksi ksi % HRC

Group | Category | Grade min. max. min. min. max.
1 2 3 4 5 6 7 8 9
110 CH 110 140 115 11 35
21423 1 175 CH 125 150 130 10 37
110 CH 110 140 115 11 35
224{50-7 | 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
110 CH 110 140 115 11 35
4 2540-6 | 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
110 CH 110 140 115 11 35
204{54-9 | 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
110 CH 110 140 115 11 35
22-52-11 | 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
110 CH 110 140 115 11 35
4 15-60-16 | 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38

a  Seerequifementin 7.2 for relation between tensile and yield strength.

b ¢ isthem|nimum elongationin 2.0 ingaugelength forstrip spe¢iimensorin4D or 5D forround bar specimens, expres$edin
percent.

40,2
¢ e=62500( W
R

where

A isthe dross-sectional area of the tensile test specimen, expressed in square inches, based on the
specifi¢d outside diameter or nominahkspecimen width and the specified wall thickness, rounded
to the rlearest 0.01 in2, or 0.75 in2, whichever is smaller;

R, isthe|specified minimum temnsile’strength, expressed in thousand pounds per square inch.

Table C.4 —-Allowable mean hardness number variation — All categories

Wall thickness
¢ Allowable mean hardness number variation
i expressed as HRC
in
> < Cold-hardened by pi]gr—\r All others
1 2 3
— 0.354 3 3
0.354 0.500 4 3
0.500 0.750 5 4
0.750 1.000 6 5
1.000 — 6 6
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Table C.5 — Acceptable size impact specimens and absorbed-energy reduction factor

Test specimen size Specimen dimensions Absorbed efnergy reduction
mm actor
1 2 3
Full size 10,0 x 10,0 1.00
%4-size 10,0 x 7,5 0.80
-size 10,0 x 5,0 0.55
Tabte €6 — Hierarchy of testSpecimelr oriemntation and size
Choice Orientation Size
1 2 3
1st Transverse Full size
2nd Transverse %4-size
3rd Transverse 15-size
4th Longitudinal Full size?
5th Longitudinal %4-sized
6th Longitudinal Yo-sized
a Whgn transverse Charpy V-notch tests % size or greater are not pessible for groups 2, 3 or 4, then flattgning tests are
required.

Table C.7 — Transverse impact specimen size required

Calculated wall thickness required to machine
transverse Charpy impact specimens
Label 1 in
Full'size %-size 1/2-s1ze
1 2 3 4
3-% 0.809 0.711 0.612
4 0.752 0.654 0.5%5
4-1 0.712 0.614 0.515
5 0.681 0.583 0.484
5-% 0.656 0.558 0.4%9
6-% 0.616 0.518 0.419
7 0.606 0.508 0.409
78 0.591 0.493 0.394
7-%4 0.588 0.490 0.391
8-% 0.572 0.474 0.375
9-% 0.557 0.459 0.360
10-%4 0.544 0.446 0.347
11-% 0.535 0.437 0.338
13-% 0.522 0.424 0.325

NOTE The above provides a 0.02 in ID and a 0.02 in OD machining allowance.
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Table C.8 — Longitudinal impact specimen size required

Calculated wall thickness required to machine
longitudinal Charpy impact specimens

Label 1 in
Full size 34-size 12-size
1 2 3 4
1.050 0.472 0.374 0.275
1.315 0.464 0.366 0.267
166 0458 0360 0.261
1.9 0.455 0.357 0.258
2.063 0.453 0.355 0.256
21%4 0.450 0.352 01253
2t 0.448 0.350 0.251
3t%2 0.445 0.347 0.248
A 0.444 0.346 0.247
412 0.443 0.345 0.246
5 0.442 0.344 0.245
5t 0.441 0.343 0.244
61% 0.440 0.342 0.243
7 0.440 0,342 0.243
7% 0.439 0.341 0.242
7% 0.439 0.341 0.242
8l% 0.439 0.341 0.242
91% 0.438 0.340 0.241
1Q-% 0.438 0.340 0.241
11-34 0.437 0.339 0.240
13-3% 0.437 0.339 0.240
NOTE The aHove provides a 0.020 in ID and‘a 0.020 in OD machining allowance.
Table C.9 — Transverse Charpy-absorbed-energy requirements with full-size test specimens for
coupling stock and accessory material, group 1
Maximum, ¢ritical thickness for various grades? Minimum transverse
in absorbed energy
B0 95 110 ft-Ib
1 2 3 4
1.621 1343 6965 29
— — 1.012 30

thickness and grade.

a  For wall thickness greater than shown above, the requirements shall be according to the formulae for the critical

78
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Table C.10 — Longitudinal Charpy absorbed-energy requirements with full-size test specimens

for coupling stock and accessory material, group 1

Maximum critical thickness for various grades? Minimum longitudinal
in absorbed energy
80 95 110 ft-1b
1 2 3 4
1.621 1.343 0.965 29
— — 1.012 30
a  Eorwallthicknessgreaterthan shown above the requirements shallbe according to the formulae forthevall thickness
and grade.
Tahle C.11 — Transverse Charpy absorbed-energy requirements with full-size test specimens
for coupling stock and accessory material, groups 2, 3 and-4
Maximum critical thickness for various grades? MiEimum
in trapsverse
absorbed energy
65 75 80 and 90 110 125 140 ft-Ib
1 2 3 4 5 6 7
[.077 0.927 0.863 0.542 0478 0.421 20
0.993 0.926 0.589 0.521 0.462 21
1.059 0.988 0.636 0.565 0.504 22
1.051 0.683 0.609 0.545 23
0,730 0.653 0.586 24
0777 0.697 0.627 25
0.824 0.741 0.668 26
0.871 0.785 0.709 27
0918 0.828 0.750 28
0.965 0.872 0.791 29
1.012 0916 0.833 30
0.960 0.874 31
1.004 0.915 32
0.956 33
0.997 34
1.038 35
a . H or(;/vall thickness greater than shown above, the requirements shall be according to the formulae for the wall thickness
and grade:

Table C.12 — Transverse Charpy absorbed-energy requirements with full-size test specimens

for pipe, group 1

in

Maximum critical thickness for various grades?

Minimum transverse
absorbed energy

80 95 110 ft-Ib
1 2 3 4
2.004 1.621 1.343 29

thickness and grade.

a  For wall thicknesses greater than shown above, the requirements shall be according to the formulae for the wall
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Table C.13 — Longitudinal Charpy absorbed-energy requirements with full-size test specimens
for pipe, group 1

Maximum specified wall thickness for various grades? Minimum longitudinal

in absorbed energy

80 95 110 ft-Ib
1 2 3 4
2.004 1.621 1.343 29

a  For wall thicknesses greater than shown above, the requirements shall be according to the formulae for the wall
thickness and grade.

Table C.14 — Transverse Charpy absorbed-energy requirements with full-size test specimens
for pipe, groups 2, 3 and 4
Maximum specified wall thickness for various grades? Minifnim transvérse
in absorbed energy
65 75 80 90 110 125 140 ft-Ib
1 2 3 4 5 6 7 8
1.653 1.377 1.264 1.077 0.805 0.657 0.542 20
0.864 0.710 0.589 21
0.924 0.763 0.636 22
0.984 0.815 0.683 23
1.044 0:868 0.730 24
0921 0.777 25
0.973 0.824 26
1.026 0.871 27
0918 28
0.965 29
1.012 30
a2 Wall thicknesses greater than standard pipe'are shown here for information for special applications. For wall thickness
greater than dhown above, the requiremeiits,shall be according to the formulae for the wall thickness and grade.
Table C.15 — Charpy abserbed-energy requirements at low temperature with full-size test
specimens for group 2
Longitudinal absorbed energy Transverse absorbed energy
Test temperature
. ft-1b ft-1b
: Average min. Individual min. Average min. Individual min.
1 2 3 4 5
-50 48 37 33 26
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Table C.16 — Specified dimensions and masses of pipe

Outside Wall Inside Drift Alternate |Linear mass°¢
diameter | thickness | diameter? | diameter?P drift plain end
Label 1 Label 2 D t d diameter m
in in in in in Ib/ft
1 2 3 4 5 6 7 8
1.050 1.14 1.050 0.113 0.824 0.730 — 1.13
1.050 1.48 1.050 0.154 0.742 0.648 — 1.48
1.315 1.70 1.315 0.133 1.049 0.955 — 1.68
1.315 2.19 1.315 0.179 0.957 0.863 — O 2.17
1660 2.09 1.660 0.125 1.410 1.316 — O | 205
1,660 2.30 1.660 0.140 1.380 1.286 =V 2.27
14.660 3.03 1.660 0.191 1.278 1.184 AQ%o\—I 3.00
1900 2.40 1.900 0.125 1.650 1556 K- — 2.37
14.900 2.75 1.900 0.145 1.610 1'51/69 — 2.72
14900 3.65 1.900 0.200 1.500 1;%86") — 3.63
1900 4.42 1.900 0.250 1400 |, 1306 — 4.41
1900 5.15 1.900 0.300 1.300 _{)" 1.206 — 5.13
2.063 3.24 2.063 0.156 1.752]\\\< 1.657 — 3.18
N
2.063 4.50 2.063 0.225 1. 1.519 — 4.42
P-3/8 4.00 2.375 0.167 22:041 1.947 — 3.94
-3 4.60 2.375 0.190 §\1.995 1.901 — 4.44
D-% 5.80 2.375 02540 1.867 1.773 — 5.76
P-3/8 6.60 2.375 Ow 1.785 1.691 — 6.56
D-% 7.35 2.375 | ~0:336 1.703 1.609 — 7.32
-7 6.40 2.875 ()" 0.217 2.441 2.347 — 6.17
D-7/g 7.80 2.87&' . 0.276 2.323 2.229 — 7.67
-7 8.60 %875 0.308 2.259 2.165 — 8.45
D-7/8 9.35 (2?575 0.340 2.195 2.101 — 9.21
D-7/8 10.50 [ 2.875 0.392 2.091 1.997 — 10.40
-7 1156 2.875 0.440 1.995 1.901 — 1145
B-1/ T 3.500 0.216 3.068 2.943 — 7.58
B-12 {'\?9\'20 3.500 0.254 2.992 2.867 — 8.81
B-12 _ QX\/ 10.20 3.500 0.289 2.922 2.797 — 9.92
3-’1{:&\(\ 12.70 3.500 0.375 2.750 2.625 — 12.53
3-"@ 14.30 3.500 0.430 2.640 2.515 — 14.11
3-% 15.50 3.500 0.476 2.548 2.423 — 15.39
3-1% 17.00 3.500 0.530 2.440 2.315 — 16.83
4 9.50 4.000 0.226 3.548 3.423 — 9.12
4 10.70 4.000 0.262 3.476 3.351 — 10.47
4 13.20 4.000 0.330 3.340 3.215 — 12.95
4 16.10 4.000 0.415 3.170 3.045 — 15.90
4 18.90 4.000 0.500 3.000 2.875 — 18.71
a d=D-2t
b The drift diameter is equal to d minus a constant (see Table C.19).
¢ m=10.690 x (D - t) x t; see 8.1.1 for the multiplication factors with regard to the groups.
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Table C.16 (continued)

Outside Wall Inside Drift Alternate |Linear mass¢
diameter | thickness | diameter? | diameter?P drift plain end
Label 1 Label 2 D t d diameter m
in in in in in Ib/ft
1 2 3 4 5 6 7 8
4 22.20 4.000 0.610 2.780 2.655 — 22.11
4% 9.50 4.500 0.205 4.090 3.965 — 9.41
4- 10.50 4.500 0.224 4.052 3927 — 10.24
4-1 11.60 4.500 0.250 4.000 3.875 — 11634
4% 12.60 4.500 0.271 3.958 3.833 — Rev2x
4-Y 13.50 4.500 0.290 3.920 3.795 — ~ 13.05
4-% 15.10 4.500 0.337 3.826 3.701 — ¢ 1500
4 17.00 4.500 0.380 3.740 3.615 -2 | 1674
4-1 18.90 4.500 0.430 3.640 3.515 ey 18.71
4-1 21.50 4.500 0.500 3.500 3.375 (N7 — 21.34
4-1 23.70 4.500 0.560 3.380 3255, ()7 — 23.59
4-1 26.10 4.500 0.630 3.240 3.145° — 26.04
5 11.50 5.000 0.220 4.560 41435 — 11.24
5 13.00 5.000 0.253 4494 |%04.369 — 12.84
5 15.00 5.000 0.296 4408~  4.283 — 14.89
5 18.00 5.000 0.362 4276 ~ | 4151 — 17.95
5 21.40 5.000 0.437 4426 4.001 — 21.32
5 23.30 5.000 0478 |0 4.044 3919 — 23.11
5 24.10 5.000 0.500 M- 4.000 3.875 — 24.03
5-1% 14.00 5.500 0.244" 5.012 4.887 — 13.71
5-1% 15.50 5.500 0275 4950 4.825 — 15.34
5-% 17.00 5.500 (" 0.304 4.892 4.767 — 16.89
5-1% 20.00 5.500 ([ 0.361 4.778 4.653 — 19.83
5-% 23.00 5500 | 0415 4.670 4.545 — 22.56
5-1% 2680 | (5500 0.500 4.500 4.375 — 26.77
5-% 2970  A4)5.500 0.562 4.376 4.251 — 29.67
5-1% 32.60. 71  5.500 0.625 4.250 4125 — 32.57
5-1% 3 5.500 0.687 4126 4.001 — 35.39
5-1% £38.00 5.500 0.750 4.000 3.875 — 38.09
5-%  |[“040.50 5.500 0.812 3.876 3.751 — 40.69
5-1 43.10 5.500 0.875 3.750 3.625 — 43.26
6-% 20.00 6.625 0.288 6.049 5924 — 19.51
6-% 24.00 6.625 0.352 5921 5.796 — 23.60
6-% 28.00 6.625 0.417 5.791 5.666 — 27.67
6-% 32.00 6.625 0.475 5.675 5.550 — 31.23
7 17.00 7.000 0.231 6.538 6.413 — 16.72
7 20.00 7.000 0.272 6.456 6.331 — 19.56
a  d=D-2t.
b The drift diameter is equal to d minus a constant (see Table C.19).
¢ m=10.690 x (D - t) x t; see 8.1.1 for the multiplication factors with regard to the groups.
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Table C.16 (continued)

Outside Wall Inside Drift Alternate |Linear mass°¢
diameter | thickness | diameter? | diameterP drift plain end
Label 1 Label 2 D t d diameter m
in in in in in Ib/ft
1 2 3 4 5 6 7 8
7 23.00 7.000 0.317 6.366 6.241 6.250 22.65
7 26.00 7.000 0.362 6.276 6.151 — 25.69
7 29.00 7.000 0.408 6.184 6.059 — 28.75
7 32.00 7.000 0.453 6.094 5969 6.000 (] 3170
7 35.00 7.000 0.498 6.004 5.879 — o] 3461
7 38.00 7.000 0.540 5.920 5.795 <V 37.29
7 42.70 7.000 0.625 5.750 5.625 | G- 42.59
7 46.40 7.000 0.687 5.626 5501 (O — 46.36
7 50.10 7.000 0.750 5.500 5.375() — 50.11
7 53.60 7.000 0.812 5.376 5:251" — 53.71
7 57.10 7.000 0.875 5250 | , §125 — 57.29
/-5 24.00 7.625 0.300 7.025 )" 6900 — 23.49
/-5 26.40 7.625 0.328 6969, <| 6.844 — 25.59
-5 29.70 7.625 0.375 6.875 6.750 — 29.06
/-5 33.70 7.625 0430 | 6765 6.640 — 33.07
/-5 39.00 7.625 0.500 |\ “6.625 6.500 — 38.08
/-5 42.80 7.625 0.562:.]  6.501 6.376 — 42.43
/-5 45.30 7.625 0,595 6.435 6.310 — 4471
/-5 47.10 7.625 | 0625 6.375 6.250 — 46.77
/-5 51.20 7.625 (]} 0.687 6.251 6.126 — 50.95
/-5 55.30 7.625 .| 0750 6.125 6.000 — 55.12
7-% 46.10 7750 0.595 6.560 6.435 6.500 45.51
B-54 2400 | (8625 0.264 8.097 7972 — 23.60
B-54 28.00 ~|) 8.625 0.304 8.017 7.892 — 27.04
B-5%4 32.00| 8.625 0.352 7921 7.796 7.875 31.13
B-54 36.00 8.625 0.400 7.825 7.700 — 35.17
355 | \20.00 8.625 0.450 7.725 7.600 7.625 39.33
B-% <\ 44.00 8.625 0.500 7.625 7.500 — 43.43
B-54 | 49.00 8.625 0.557 7.511 7.386 — 48.04
%) 32.30 9.625 0.312 9.001 8.845 — 31.06
9-% 36.00 9.625 0.352 8.921 8.765 — 34.89
9-% 40.00 9.625 0.395 8.835 8.679 8.750 3897
9-% 43.50 9.625 0.435 8.755 8.599 — 4273
9-% 47.00 9.625 0.472 8.681 8.525 — 46.18
9-% 53.50 9.625 0.545 8.535 8.379 8.500 52.90
9-% 58.40 9.625 0.595 8.435 8.279 8.375 57.44
9-% 59.40 9.625 0.609 8.407 8.251 — 58.70
a  d=D-2t.
b The drift diameter is equal to d minus a constant (see Table C.19).
¢ m=10.690 x (D - t) x t; see 8.1.1 for the multiplication factors with regard to the groups.
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Table C.16 (continued)

Outside Wall Inside Drift Alternate |Linear mass¢
diameter | thickness | diameter? | diameter?P drift plain end
Label 1 Label 2 D t d diameter m
in in in in in Ib/ft
1 2 3 4 5 6 7 8

9-% 64.90 9.625 0.672 8.281 8.125 — 64.32
9-% 70.30 9.625 0.734 8.157 8.001 — 69.76
9-% 75.60 9.625 0.797 8.031 7.875 — 75.21
10-% 32.75 10.750 0.279 10.192 10.036 — 3123
10-% 40.50 10.750 0.350 10.050 9.894 — 3891
10-% 45.50 10.750 0.400 9.950 9.794 9.875 44.24
10-% 51.10 10.750 0.450 9.850 9.694 — 49.57
10-%4 55.50 10.750 0.495 9.760 9.604 9.625 54.26
10-% 60.70 10.750 0.545 9.660 9.504 + 59.45
10-% 65.70 10.750 0.595 9.560 9.404 — 64.59
10-3% 73.20 10.750 0.672 9.406 9.250 — 72.4(
10-% 79.20 10.750 0.734 9.282 9.126 — 78.59
10-%4 85.30 10.750 0.797 9.156 9.000 — 84.8(
11-3%4 42.00 11.750 0.333 11.084 10.928 11.000 40.64
11-34 47.00 11.750 0.375 11.000 10.844 — 45.6(
11-34 54.00 11.750 0.435 10.880 10.724 — 52.67
11-34 60.00 11.750 0.489 106772 10.616 10.625 58.87
11-% 65.00 11.750 0.534 10.682 10.526 10.625 64.03
11-34 71.00 11.750 0.582 10.586 10.430 — 69.48
13-%s 48.00 13.375 0.330 12.715 12.559 — 46.07
13-% 54.50 13.375 0.380 12.615 12.459 — 52.79
13-% 61.00 13.375 0.430 12.515 12.359 — 59.5(
13-%s 68.00 13.375 0.480 12.415 12.259 — 66.17
13-% 72.00 133%5 0.514 12.347 12.191 12.250 70.67

a  d=D-2¢

b The driftdiameter is equal'to’d minus a constant (see Table C.19).

¢ m=10.690 x (D - t) x.t)See 8.1.1 for the multiplication factors with regard to the groups.

Table C.17 — Range length
Dimensions ip feet

. Range 1 Range 2 Range 3
Pipes for (R1) (R2) (R3)
1 2 3 4

Total range length, inclusive 16.0 to 25.0 25.0 to 34.0 34.0 to 48.0
Casing and tubing Maximum permissibl_e variation on

100 % on each order item of 40 000 Ib 5.0

or more
Pup joints Length? 2;3;4;6;8;10; 12

Tolerance +0.25
a 2 ftpup joints may be furnished up to 3 ft long by agreement between manufacturer and purchaser; lengths other than
those listed may be furnished by agreement between manufacturer and purchaser.
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Table C.17 (continued)

ISO 13680:2020(E)

. Range 1 Range 2 Range 3
Pipes for (R1) (R2) (R3)
1 2 3 4
Coupling stock and accessory material By agreement

a 2 ftpup joints may be furnished up to 3 ft long by agreement between manufacturer and purchaser; lengths other than
those listed may be furnished by agreement between manufacturer and purchaser.

Table C.18 — Tolerances on dimensions and mass

utside Tolerance for supply condition
d nll)eter Outside diameter? Wall thickness Mass
in QT — SA CH QT — SA CH QT =£SA CH
1 2 3 4 5 6 7
<4-1 +0.031 in +0.031 in 125 % 10 % e % 2 %
_ +1 +1 - - +6,5 +6,5
ZA-ve Zo5 % Zo5 % _12,5 % 10 % 35 % “35 %
a2 (put-of-roundness is included in the D tolerance.
b The tolerance is quoted for a single length. On each order item of 40 Q00D or more, the tolerance is -1,7§ %.

Table C.19 — Standard drift mandrel dimensions

Dimengion in inches
Outside diameter Drift mandrel siz¢
Pipes for minimum
> < Length Digmeter
1 3 4 5
i — 8-% 6 d+0.125
Casing
8-% — 12 d+0.156
. = 2-78 42 d40.094
Tubing
2-"g — 42 d—+0.125
NOTE dis given in Table C.16;
Table C.20 — Alternate drift mandrel dimensions
Outside Wall Drift mandrel size Linear mass
llabet ¥ Label 2 dlanl;eter thlcl;ness minimum Plal:lnend
_ _ Length Diameter

H Hh TTT 1904 1b/ft

1 2 3 4 5 6 7
7 23.00 7.000 0.317 6 6.250 22.65
7 32.00 7.000 0.453 6 6.000 31.70
7-% 46.10 7.750 0.595 6 6.500 45.51
8-% 32.00 8.625 0.352 6 7.875 31.13
8-% 40.00 8.625 0.450 6 7.625 39.33
9-% 40.00 9.625 0.395 12 8.750 38.97
9-% 53.50 9.625 0.545 12 8.500 52.90
9-% 58.40 9.625 0.595 12 8.375 57.44
10-%4 45.50 10.750 0.400 12 9.875 44.26
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Table C.20 (continued)

Outside Wall Drift mandrel size Linear mass
Label 1 Label 2 dlanl;eter thlcktness minimum plain end
) ) Length Diameter m
in in in in Ib/ft
1 2 3 4 5 6 7
10-% 55.50 10.750 0.495 12 9.625 54.26
11-% 42.00 11.750 0.333 12 11.000 40.64
11-3%4 60.00 11.750 0.489 12 10.625 5887
11-%4 65.00 11.750 0.534 12 10.625 64.03
13-% 72.00 13.375 0.514 12 12.250 70.67
Table C.21 — Type and frequency of tests for non-upset and upset products
Type of test or requirements requi'll‘?ntwnts Eﬁg:égg Test methads Requiremepts
1 2 3 4 5
Heat analysip md 1 per heat 9.3.2 71
Product|Npn-remelted alloy md 2 per heat 9.3.2 1
analysis |Rpmelted alloy md 1 per ingot 9.3.2 71
Chromium depletion test ode 1 per test lot¢ 9.3.3 9.3.3
Room-tempgrature tensile test md 1 per testlot¢ 9.5.2 7.2
Elevated-temperature tensile test od 1 per-fest lot¢ 9.5.2 7.2
Hardness tegt md 1 sefies/test lot¢ 9.6.2 73
Impact or fldttening test md 9.7.2 9.7.30r9.74.1 7.4,75,7.6,[7.7
Impact test gt low temperature oh 1 per test lot 9.8 7.8
Pitting corrgsion test oh 1 per test lot 99 79.2
Microstructyire examination hd 1 per testlot¢ 10.2 710
Visual inspeftion m Each length 9.16 711,712,484
PMI m (of) Each length 9.18 71
Dimensional testing:
— Outside diameter m EaCher:; totf each 9.11.2 —Ta%%l(é .%fla;d
— Wall thidkness m EaCher:; f}f each 9.11.3 —Ta%%l(é %:61 ind
Tables C15 gnd
— Drifttest m Each pipe 9.12 Table C.19 pr
Table C 20

a2 Mandatory for groups 2, 3 and 4 PSL-2 only.

b For definition of “test lot”, see 3.1.22. See Table C.22 for the maximum number of lengths in a test lot.
¢ Minimum 1 per heat.

d  Itisrequired that data records be retained.

¢ Option for groups 2, 3 and 4 only.

f Option for group 1 only.

g€  When NDE on untested end is applied in lieu of cropping untested end.

h QOption for group 2 only.

m: mandatory

o: optional (an agreement is required)
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Table C.21 (continued)

ISO 13680:2020(E)

Type of test or requirements requ'il;'eesr:lents E;ig:;g;{: Test methods Requirements
1 2 3 4 5
Heat analysis md 1 per heat 9.3.2 71
— Length md Each length 9.13 Table C.17
— Straightness m Each pipe 9.14 8.3.3
— Mass m Each pipe 9.15 Table €16 Tl 1 1 1and
Non{destructive examination:
— UT for longitudinal defects md Each length 9.179,9.17.10 712
— UIT for transverse defects md Each length 9.17.9,9.17.10. 712
— UT for laminar defects md Each length 9.17.9, 9.1210 712
— UT for oblique defects m? Each length 9.1%10 712
— UT for wall thickness md Each length 9.114;9.17 713;8.1;8.3.1
— HMI odf Each length 9.17.9 712
— MT of Each length 9.17.9 712
— NDE of untested ends mé Each length 9.17.5 712
— NDE of upset ends m Each upset length 9.17.6 712
— Disposition of defects m Etaa(i:}riil:g%g;ecc(;rsl- 9.17.13,9.17.14 712

¢ Minimum 1 per heat.

N

m:m

0: 0p

ption for groups 2, 3 and 4 only.
ption for group 1 only.

ption for group 2 only.

hndatory

ional (an agreementisyequired)

landatory for groups 2, 3 and 4 PSL-2 only.

[ is required that data records be retained.

or definition of “test lot”, see 3.1.22. See Table C.22 forthe maximum number of lengths in a test lot.

Vhen NDE on untested end is applied in lieu of cropping untested end.

Table C.22 — Maximum number of lengths per test lot

Number? of lengths for

Group Pie Coupling stockjand
p accessory matdrial
1 2 3
1 100 20
2,3,4 50 10

NOTE For the pup joints, see 9.2.

a  Residual quantities of less than 20 % of the maximum number of lengths per testlot may be added to one testlot per heat.
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2020 - All rights reserved

87


https://standardsiso.com/api/?name=511560482c9f37564d1d65bae8f33dfc

ISO 13680:2020(E)

Table C.23 — Artificial reference indicator

Acceptance Notch depth? Notch length Width Radially drilled
inspection level max. (max. at full depth) max. hole diameter?
1 2 3 4 5

U2/F2/E2 5% 2.0 in 0.040 in 1/16 in

NOTE See Figure B.8.

a2 Depth as a percent of specified wall thickness. The depth tolerance shall be 15 % of the calculated notch depth with a
minimum notch depth of 0.012 in + 0.002 in.

b Drilled hole diameter (through the pipe wall) shall be based on the drill bit size

Table C.24 — Acceptance level

Internal imperfection

Group NDT External imperfection
method Longitudinal | Transverse Oblique |Longitudinal| Transverse Obliqyie
1 2 3 4 5 6 7 8
UT U2 U2 — U2 U2 —
! ;Z‘;‘ff(‘)‘é F2 or E2 F2 or E2 - _ _ —
2,3,4 uT U2 U2 U2a U2 U2 u2a

a

b

For PSL-2 product only.

For optional second method, see 9.17.9.

Table C.25 — Marking height

Dimensions in ipches

Minimum height of marking

b Die stamping Paint or ink stencilling
1 2 3

<4 0.157 20.315

>4 0.236 =0.472

TableC;26 — Colour coding for material category

Material category

Colour coding

1 2

13-5-2 white and green
13-1-0 white and red
22-5-3 red and red

25-7-3 red and orange
25-7-4 red and yellow
26-6-3 green and green
27-31-4 green and brown
25-32-3 green and orange
22-35-4 white and blue
21-42-3 yellow and yellow
22-50-7 yellow and orange
25-50-6 yellow and green
20-54-9 yellow and blue
22-52-11 white and brown

88
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Table C.26 (continued)

Material category Colour coding
1 2
15-60-16 yellow and brown
Table C.27 — Colour coding for material grade
Material grade Colour coding
1 2
65 yellow
75 blue
80 red
90 brown
95 silver
110 white
125 orange
140 green

Table C.28 — PSL-2 product mechanical propérties at room temperature

d  Other values may be agreed between purchaser and manufacturer, subject to the requirements in G.2.

Material UNS Grade | Delivery Yield Tensile |Elongation|| Mean
identity number condition strengthad strength? b hardness
Rz R, numberd
. . %
ksi ksi HRC
Groyp | Category min. max. min. min. max.
1 2 3 4 5 6 7 8 9 10
80 QT 80 95 90 ¢ 27
1 13-5-2 | S41426 | o5 QT 95 | 105 105 c 27
a  Yeerequirementin 7.2 for relation between tensile and yield strength.
b g isthe minimum elongation in 2.0)in gauge length for strip specimens or in 4D or 5D for round bar specimgns, expressed
in percent.
402
¢ =625000
RO.9
m
wherfe
A| is the cross:sectional area of the tensile test specimen, expressed in square inches, based on
specified-outside diameter or nominal specimen width and specified wall thickness,
rodnded to the nearest 0.01 in2, or 0.75 in2, whichever is smaller;
R - i€the cppr‘iﬁpd minimum tensile cfrpngfh pvanccpd inthousand pnnnr‘lc persqguare inch

© IS0 2020 - All rights reserved

89


https://standardsiso.com/api/?name=511560482c9f37564d1d65bae8f33dfc

ISO 13680:2020(E)

Table C.28 (continued)

Material UNS Grade | Delivery Yield Tensile |Elongation| Mean
identity number condition strengthad strength? b hardness
Ry2 R, numberd
. . %
ksi ksi HRC
Group | Category min. max. min. min. max.
1 2 3 4 5 6 7 8 9 10
65 SA 65 90 90 25 26
22-5-3 S$31803 110 CH 110 140 125 11 36
125 cH 125 45 136 10 3
75 SA 75 100 90 25 26
2p-7-3 S31260 110 CH 110 140 125 11 36
125 CH 125 145 130 10 36
80 SA 80 105 110 20 28
90 SA 90 105 115 20 30
2 $32750 110 CH 110 140 125 12 36
125 CH 125 145 130 10 34
80 SA 80 105 110 20 28
B 90 SA 90 105 115 20 30
2p-7-4 | 532760 1 199 CH 110 | 140 125 12 36
125 CH 125 145 130 10 34
80 SA 80 105 110 20 28
90 SA 90 105 115 20 30
$39274 110 CH 110 140 125 12 36
125 CH 125 145 130 10 36
i 110 CH 110 140 115 11 33
21-31-4 N08028 125 CH 125 145 130 10 35
3 o 110 CH 110 140 115 11 33
23-32-3 N08535 125 CH 125 145 130 10 35
24-35-4 N08135 110 cH 110 140 115 11 33
a  Seerequifementin 7.2 for relation between tensile and yield strength.
b ¢ isthe minimum elongation in 2.0 in gaygelength for strip specimens or in 4D or 5D for round bar specimens, exprg¢ssed
in percent.
402
¢ e=62500
RO
m
where
A s the cross-sectionalarea of the tensile test specimen, expressed in square inches, based on
specifigd outside'diameter or nominal specimen width and specified wall thickness,
roundedl to thémearest 0.01 in2, or 0.75 inZ, whichever is smaller;
R,, isthe ppécified minimum tensile strength, expressed in thousand pounds per square inch

d  Other values may be agreed between purchaser and manufacturer, subject to the requirements in G.2.
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Table C.28 (continued)

Material UNS Grade | Delivery Yield Tensile |Elongation| Mean
identity number condition strengthad strength? b hardness
Rz R, numberd

. . %
ksi ksi HRC
Group | Category min. max. min. min. max.
1 2 3 4 5 6 7 8 9 10
110 CH 110 140 115 11 35
21-42-3 | NO8825 | 55 CH 125 | 145 130 10 35
110 CH 110 140 115 11 35
22-507 | NO6985 |55 CH 125 | 150 130 10 37
110 CH 110 140 115 11 35
N06255 | 155 CH 125 | 150 130 10 37

25-50-6

4 N06975 110 CH 110 140 115 11 35
125 CH 125 150 130 10 37
110 CH 110 140 145 11 35
20-54-9 | N06950 | 155 CH 125 | 150 130 10 37
110 CH 110 140 115 11 35
15-60-16 | N10276 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38

in

wherj

=

eerequirement in 7.2 for relation between tensile and yield strength:

is the minimum elongation in 2.0 in gauge length for strip specimens orin 4D or 5D for round bar specimg
percent.

AO,Z
=625000

R0,9

m
c

is the cross-sectional area of the tensile test-specimen, expressed in square inches, based on
specified outside diameter or nominal specimen width and specified wall thickness,
rounded to the nearest 0.01 in2, or 0.75 in2, whichever is smaller;

, is the specified minimum tefisile strength, expressed in thousand pounds per square inch

ther values may be agreed betWween purchaser and manufacturer, subject to the requirements in G.2.

ns, expressed
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Table C.32 — Longitudinal Charpy absorbed-energy requirements with full-size test specimens
for bar or drilled bar, groups 1 and 2

) Longitudinal
ly:latetr'ltal Test absorbed energy
ldentity UNS Delivery | temperature

number Grade condition P op felb
Group Category Average min. Indlvlldual
min.
1 2 3 4 5 6 7 8
S41425 95 QT 14 44 29
110 QT 14 44 29
95 QT 14 44 29
1 13-5-2 S41426
110 QT 14 44 29
95 44 29
S41427 QT 14
110 QT 14 44 29
S31803 65 SA -50 30 22
22-5-3
S32205 65 SA -50 30 22
S32550 80 SA -50 30 22
S32750 80 SA =50 30 22
2 S32760 80 SA -50 30 22
257.4 802 SA -50 30 22
85b SA -50 30 22
S$39277¢
85¢ SA -50 20 15
85d SA -50 22 15

a  For bar dfameters up to 6.5 in, inclusive. Requirements forbar diameters greater than 6.5 in are by agreement betfween
purchaser and manufacturer.

b For bar dJameters up to 6.5 in, inclusive.
¢ For bar djameters greater than 6.5 in up to 8.in,<inclusive.
d  For bar d]Jameters greater than 8 in. Test I0cation shall be 1.5 in below surface.

e §39277 grade 85 also meets the requirements of grade 80 for bar diameters up to 6.5 in, inclusive.

Table|C.33 — Microscopic cleanliness acceptance limits for bar or drilled bar, group 1

Severity
nclusions? (maximum)
Heavy Thin
Type A (sulphide€) 1,0 1,0
Type B (aluntinitim) 2,5 3.0
Type C (silicate) 2,0 2,0
Type D (globular) 2,0 2,0

a  QOther features, anomalies or gross defects noted by the inspector/metallurgist while reviewing the microetched
material either shall result in rejection, or shall be allowed a retest, or shall be brought to the attention of the purchaser for
resolution.

96 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=511560482c9f37564d1d65bae8f33dfc

D.1

ISO 1368
Annex D
(normative)

Purchaser inspection

Inspection notice

Whe
reas

D.2

The
the c
the 1

facilities to demonstrate that the products are being manufactured in accordance with thi

All i
spec
the d

D.3

The manufacturer is responsible for conformingto all of the provisions of this document. Th

may
matg

D.4

Unle
acce]
that
requ
agre

Fe the purchaser's inspector requires that the product be inspected or that the tests'b
nable notice of the time shall be given by the manufacturer.

Plant access

nspector representing the purchaser shall have unrestricted acces$s) at all times wh
ontract of the purchaser is being performed, to all parts of the manufacturer's works {
hanufacture of the products ordered. The manufacturer shall afford the inspector al

hspections should be made at the place of manufacture prior to shipment, unles
fied on the purchase agreement, and shall be conducted‘so as not to interfere unnece
peration of the works.

Conformance

make any investigation necessary to ensSure conformance by the manufacturer and m4
rial that does not conform to this document.

Rejection

5s otherwise providedmaterial showing defects on inspection or reinspection su
btance at the manufacturer's works may be rejected, and the manufacturer so noti
require the destruction of material are carried out, any length that is proven not
rements of thisCcdocument shall be rejected. Treatment of rejected lengths shall be
bment betweeh manufacturer and purchaser.

0:2020(E)

b witnessed,

ile work on
hat concern
reasonable
s document.
5 otherwise
ssarily with

e purchaser
1y reject any

bsequent to

fied. If tests
to meet the
a matter of
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Annex E
(normative)

Cleanliness requirements

E.1 General

N

This annex ppecifies the periodical testing of cleanliness specific to meeting the requirements of]9.7.
b.2) and c.2}ii), where cleanliness is used to reduce Charpy V-notch test frequency.

The manufafturer shall have a written procedure, including test frequency, for each material category.

E.2 Macrnoetch quality

The macrogtch test shall be performed for two discs representing the ¢asting sequence for |ngot
casting. If cpntinuous casting is used, discs representing the first and last'metal for the tested sfrand
shall be sanipled.

Discs shall he etched in accordance with ASTM E340 and the macroetch rating shall be in accordance
with either| ASTM E381 for conventionally melted materials“or ASTM A604/A604M for remglted
materials, ahd shall conform to the requirements specified in-Fables E.1 and E.2.

Table E.1 — Macroetch acceptance limits for, conventionally melted materials

Type Severity
(maximum)
Class 1 (subgurface conditions) S-3
Class 2 (random conditions) R-3
Class 3 (centfre segregation) C-3

Table E.2 — Macroetch acceptance limits for remelted materials

Type Severity
(maximum)
Class 1 (freckles) A
Class 2 (white spots) A
Class 3 (radipl segrégation) C
Class 4 (ring|pattern) D

Other features, anomalies or gross defects noted by the inspector/metallurgist while reviewing
the macroetched material shall either result in rejection, allowable retest or shall be brought to the
attention of the purchaser for resolution.

Ingots or strands exhibiting unacceptable characteristics shall be rejected or cut back and retested until
the characteristics are within acceptable limits. In addition, other suspect ingots or strands from the
heat shall be evaluated for acceptability. For continuous-cast steel, if the top of bottom bloom is rejected
in total, then the material in the adjacent bloom shall be tested for acceptability. If the sequence of the
blooms is not known or the ends (top or bottom) cannot be identified, then each end of each bloom shall
be tested for acceptability.
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E.3 Microetch quality — Cleanliness

The microetch test shall be performed on two samples representing the casting sequence for ingot
casting. If continuous casting is used, samples representing the first and last metal for the tested strand
shall be taken.

Microcleanliness evaluation shall be carried out in accordance with ASTM E45, method A, and
performed on the longitudinal section of the forged or rolled bar. The acceptance limits, as defined in
ASTM E45, method A, shall be as given in Table E.3.

Table E.3 — Microscopic cleanliness acceptance limits

Severity
Inclusions? (maximum)
Heavy Thin
Typd A (sulphide) 2,5 2,5
Typd B (aluminium) 2,5 3,0
Typq C (silicate) 2,5 2,5
Typg D (globular) 3,0 3,0
a ther features, anomalies or gross defects noted by the inspector/metallurgist while reviewing thd microetched
;r;i'(c)(iiit;ﬂ)relither shall result in rejection, or shall be allowed a retest, or shallbebrought to the attention of the|purchaser for

If any sample fails to meet the requirements, the ingot er.strands may be cut back and r¢tested until
it is within the specified limits. In addition, other suspect ingots or strands from the Heat shall be
evalyated for acceptability. For continuous-cast steel; if the top of bottom bloom is rejedted in total,
then(the material in the adjacent bloom shall be tested for acceptability. If the sequence of the blooms is
not Known or the ends (top or bottom) cannot beidentified, then each end of each bloom shpll be tested
for agceptability.
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