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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Oil and gas industries including lower carbon energy —
Corrosion-resistant alloy seamless products for use as casing,
tubing, coupling stock and accessory material — Technical

deliver

y conditions

WARNING — It is the purchaser's responsibility to specify the product specification level (PSL),
corrosioniresistant alloy (CRA) group, category, grade, delivery conditions and
requirement in addition to those specified herewith to ensure that the product is adequate for the
intended service environment. The ISO 15156 series or NACE MR0175 should be considered when
making specific requirements for H,S-containing environments; see Annex G. It is’the pro
responsibjlity to ensure that the product is suitable for the intended application‘with con
of all environmental degradation threats during both normal operation and system ups

are other
ISO 15156
in accordd

1 Scope

This docuy
for casing,

sources of hydrogen besides H,S-containing environments, which,are not addres
series or NACE MR0175. Not all PSL-1 categories and grades can-be made cracking
nce with the ISO 15156 series or NACE MR0175 and are, therefore, not included i

hent specifies the technical delivery conditions for<corrosion-resistant alloy seamleg
tubing, coupling stock and accessory material (including coupling stock and accessol

from bar) for two product specification levels:

PSL-1,

PSL-2,
and cr
ISO 15

This docun
of conform
manufactu

which is the basis of this document;

which provides additional requirements for a product that is intended to be botH
hcking resistant for the environments-and qualification method specified in Annex G
156 series or NACE MR0175.

lent contains no provisions relating to the connection of individual lengths of pipe. Denj
ance to ISO 15156-3:20209r NACE MR0175-2021 of material affected by end sizing,
Ire or welding operations is outside the scope of this document.

hent contains provisions relating to marking of tubing and casing after threading.
hent is applicableto the following five groups of products:
1, which is eomposed of stainless alloys with a martensitic or martensitic/ferritic stru

2, which is composed of stainless alloys with a ferritic-austenitic structure, such as
duplex stainless alloy;

ny other

uct user's
sideration
ets. There
sed by the
b resistant
n PSL-2.

s products
'y material

corrosion

and in the

onstration
connection

cture;

duplex and

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

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

austenitic structure.

This docun
This docun
a) group
b) group
super-
c) group
d) group
e)
2

Normative references

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

The following documents, as applicable for the product, 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

© IS0 2024 - All rights reserved
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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

ISO 404, St

eel and steel products — General technical delivery requirements

[SO 525, Bonded abrasive products — General requirements

[SO 643, St
[SO 3452-1

eels- Micrographic determination of the apparent grain size

, Non-destructive testing — Penetrant testing — Part 1: General principles

ISO 4885, Ferrous materials — Heat treatments — Vocabulary

ISO 4948-1
chemical cd

ISO 4948-]
quality clas

[SO 6508-1

ISO 6508-]
machines a

[SO 6892-1
[SO 6892-2
[SO 6929, §

ISO 8501-]
assessment

of steel sub|
IS0 9712, ]
ISO 9934-1]

ISO 10423
equipment

[SO 10474,

ISO 10893
welded (exd

ISO 10893;
seamless ai

, Steels — Classification — Part 1: Classification of steels into unalloyed and alloy stee
mposition

, Steels — Classification — Part 2: Classification of unalloyed and alloy steels’accordi
ses and main property or application characteristics

, Metallic materials — Rockwell hardness test — Part 1: Test method

, Metallic materials — Rockwell hardness test — Part 2: Verification and calibratiol
nd indenters

Metallic materials — Tensile testing — Part 1: Method of{est at room temperature
, Metallic materials — Tensile testing — Part 2: Methed of test at elevated temperature
teel products — Vocabulary

, Preparation of steel substrates before application of paints and related product
of surface cleanliness — Part 1: Rust grades-and preparation grades of uncoated steel subj
Ktrates after overall removal of previous<¢oatings

on-destructive testing — Qualification and certification of NDT personnel
, Non-destructive testing — Magnetic particle testing — Part 1: General principles

Petroleum and natural gas/industries — Drilling and production equipment — Wellhe

Steel and steel products — Inspection documents

2, Non-destructive testing of steel tubes — Part 2: Automated eddy current testing of se
ept submerged arc-welded) steel tubes for the detection of imperfections

3, Non=destructive testing of steel tubes — Part 3: Automated full peripheral flux leakag
nd welded (except submerged arc-welded) ferromagnetic steel tubes for the detection of |

and/or trar

(s based on

ng to main

of testing

— Visual
strates and

id and tree

amless and

e testing of
bngitudinal

sverse 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

[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

[SO 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

© IS0 2024 - All rights reserved
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[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
[SO 14284, Steel and iron — Sampling and preparation of samples for the determination of chemical composition

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

[SO 15156-3:2020, Petroleum and natural gas industries — Materials for use in HZ2S-containing environments in
oil and gas production — Part 3: Cracking-resistant CRAs (corrosion-resistant alloys) and other alloys

ISO 21920-2, Geometrical product specifications (GPS) — Surface texture: Profile — Part 2: Terms, definitions
and surface texture parameters

ISO 8000011, Quantities and units — Part 1: General

API RP 578§, Guidelines for a Material Verification Program (MVP) for New and Existing Assets
API Spec 64, Specification for Wellhead and Christmas Tree Equipment

API Standdrd 6ACRA, Age-hardened Nickel-based Alloys for Oil and Gas Drilling‘and Production Equipment
ASNT SNTHI'C-1A, Recommended Practice — Non-Destructive Testing

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

ASTM A60@/A604M, Standard Practice for Macroetch Testing of Consumable Electrode Remelted Steel Bars
and Billets

ASTM A94], Standard Terminology Relating to Steel, Stainiess Steel, Related Alloys and Ferroalloys
ASTM E18/Standard Test Methods for Rockwell Hardness of Metallic Materials

ASTM E21|Standard Test Methods for Elevated Temperature Tension Tests of Metallic Materials
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
Specificatigns

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

ASTM E11)0, Standard Test_Method for Rockwell and Brinell Hardness of Metallic Materials Ry Portable
Hardness Testers

ASTM E112, Standatd) Test Methods for determining the average Grain Size

ASTM E165, Standard Practice for Liquid Penetrant Examination for General Industry

ASTM E21 Standard Dyacticn for Itvaconic Toctinag onf Maotal Ding and Thihin o
nJ, Jourivuuvuruvror Mbblbb]ul UILTIruUovUrIic ‘bdblll‘y UJ vreour 1 l[.lb urre ‘Ml.lllly

ASTM E309, Standard Practice for Eddy-Current Examination of Steel Tubular Products Using Magnetic
Saturation

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
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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 E3024, Standard Practice for Magnetic Particle Testing for General Industry

ASTM G48, Standard Test Methods for Pitting and Crevice Corrosion Resistance of Stainless Steels and Related
Alloys by Use of Ferric Chloride Solution

NACE MRO0175, Petroleum and Natural Gas Industries — Materials for Use in H,S-containing Environments in
Oil and Gas Production

3 Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

For the putposes of this document, the terms and definitions given in ISO 377, ISO 404,150 4885, 1SO 4948-1,
[SO 4948-2, 1SO 6929, ISO 10474, ASTM A941 and the following apply.

SO and [E€ maintain terminology databases for use in standardization at théfollowing addresse|

2]

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

— IEC Elgctropedia: available at https://www.electropedia.org/

3.1.1
accessory(material
seamless dasing (3.1.3) or tubing (3.1.23) or seamless thiekswalled tube or bar stock (3.1.2) or hot forging
used for the manufacture of accessories

3.1.2

bar stock
bar
material wjith a solid uniform cross-sectionalong its whole length (3.1.14)

3.1.3
casing
tube intendled to line the walls of adrilled well

3.1.4
cold-hardened
CH
material cqndition where the mechanical properties are obtained by a cold finishing process not followed by
heat treatrhent

Note 1 to gntry: Cold finishing is a plastic deformation of material at a temperature below the recrystallization
temperaturg 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

Note 1 to entry: The corrosion-resistant alloys included in this document are special alloys in accordance with
ISO 4948-1 and ISO 4948-2.

3.1.6
coupling blank
unthreaded material used to produce an individual coupling

© IS0 2024 - All rights reserved
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3.1.7
coupling stock
seamless thick-wall 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)

Note 1 to entry: Based on criteria defined in this document.

3.1.9
heat
material of the same category melted in the same manufacturing process at the same time sequence poured
into multigteimgotsorcontimuous stramd cast

Note 1 to enftry: In case of a remelted alloy, each ingot shall be considered a different heat.

3.1.10
hot-finished
HF
material dondition obtained by deforming metal plastically at such a temperature and §train rate
thatrecrystallization takes place simultaneously with the deformation, thus-preventing permahent strain
hardening

3.1.11
imperfectjon
discontinujty on the product (3.1.18) surface or in the product wall\that can be detected by visuallinspection
or non-desfructive examination

3.1.12
label 1
dimensionless designation for the size or specified oiitside diameter that can be used when orglering pipe
(3.1.17)

3.1.13
label 2
dimension]ess designation for the linear density that can be used when ordering pipe (3.1.17)

Note 1 to enftry: Linear density is sometimes designated by the deprecated term “mass per unit length”.

3.1.14
length
piece of product (3.1.18)

3.1.15
linear imperfection
imperfectidn (3.1.11) including, but not limited to, seams, laps, cracks, plug scores, cuts and gougels

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, either upset or non-upset, furnished without threads, casing (3.1.3), tubing (3.1.23) and pup joint
(3.1.19) as group

3.1.18

product

pipe (3.1.17) and/or coupling stock (3.1.7) and /or accessory material (3.1.1), either individually or collectively,
as applicable

© IS0 2024 - All rights reserved
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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 enough to cause
one or more constituents to enter into solid solution, then cooling rapidly enough to hold such constituents

in solution

Note 1 to entry: Solution annealing may be performed as a part of the hot forming process or as a separate operation.

3.1.21

test lot
lot
<products
the same s
the same f
processed
hardening

Note 1 to en

3.1.22
test lot
lot

<bars or d
outside dig
facilities a
simultaned

Note 1 to en

3.1.23
tubing

other than bars or drilled bars> unit formed by lengths (3.1.14) from the same-héeat (|
pecified outside diameter and wall thickness, the same grade, the same manufacturi
inal heat-treatment conditions, process facilities and parameters for all Héat-treatm
sequentially for continuous furnaces or simultaneously for batch furraces, the

parameters (if applicable) and the same range length

try: The maximum number of lengths in a test lot is given in Table A.22+0t. Table C.22.

rilled bars> unit formed by lengths (3.1.14) from the same heat (3.1.9), with the sam|
meter, the same wall thickness (if applicable), the same grade, the same manufacturi
nd parameters for all heat-treatment stages, pracessed sequentially for continuous f
usly for batch furnaces

try: The maximum number of lengths in a testlot is given in E.5.1.

tube placed in a well to produce or inject fluids

3.2 Abb

AOD
EDI

EMI
ESR

reviated terms

argon oxygen decarburization
electronic data/interchange
electromiagnetic inspection

electro-slag remelting

HBW

B.1.9), with
hg process,
ent stages,
same cold

e specified
ng process
urnaces or

Brinell hardness, when testing with a tungsten carbide ball

HRC
ID
MPQT
MT
NDE

oD

Rockwell hardness C-scale

inside diameter

manufacturing procedure qualification test
magnetic-particle inspection
non-destructive examination

outside diameter
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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 crjoss-sectional area of the tensile test specimen,.expressed in square millimetres (squdre inches),

based on specified outside diameter or nominal specimen width and specified wall thickne}s, rounded
td the nearest 10 mm? (0.01 in?), or 490 mm{0.75 in2), whichever is smaller

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

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

d inside diameter of the productjexpressed in millimetres (inches)

e mfinimum elongation in 50 nim (2.0 in) gauge length for strip specimens or in 4D or 5D fof round bar

specimens, expressed inper cent

m miass
Ra avyerage surfac€ roughness as defined in ISO 21920-2
R, tensile strength

Ry0.2 yfld strength (0,2 % non-proportional elongation), expressed in megapascals (thousand pounds

r cnnr\vo |nn]'\\

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

© IS0 2024 - All rights reserved
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4 General

4.1 Dual normative references

In the interests of worldwide application of this document, certain normative references listed in Clause 2
are interchangeable in the context of the relevant requirement with the relevant document prepared by the
American Petroleum Institute (API) or the American Society for Testing and Materials (ASTM), as recognized
by the American National Standards Institute (ANSI). These latter documents are cited in the running text
following the ISO reference and preceded by “or”, for example “ISO XXXX or API YYYY".

Application of an alternative normative document cited in this manner can lead to technical results that
differ from the use of the preceding ISO reference. However, both results are acceptable and these documents

are, thus, censidered-inrterchangeable-inpractice
4.2 Units of measurement
In this doqument, data are expressed in both the International System (SI) of units.and the Unjited States
Customary (USC). For a specific order item, it is intended that only one system of-timits be us¢d, without
combining|data expressed in the other system.
Products manufactured to specifications expressed in either of these unitZsystems shall be fonsidered
equivalent|and totally interchangeable. Consequently, conformance to thefequirements of this dpcument as
expressed [n one system provides conformance to requirements expressed in the other system.
For data ekpressed in SI units, a comma is used as the decimal Separator and a space as the|thousands
separator.
For data ekpressed in USC units, a dot (on the line) is used<as the decimal separator and a space as the
thousands|separator.
In the text)data in SI units are followed by data in USC\n parentheses.
Separate tables for data expressed in SI units and USC units are given in Annex A and Annex C, regpectively.
Figures ar¢ contained in Annex B and express.data in both SI and USC units.
5 Information supplied by the purchaser
5.1 The purchaser shall state:the minimum information as given in Table 1, as applicable, in the enquiry
and purchase agreement.
Table 1 — Minimum information to be supplied by purchaser
Requireme¢nt Reference
a) Quantity of product —
b) Progduct designation: coupling stock or accessory material or For upset product, upset drawirlg and
plain end casing or tubing or upset product drift dimension shall be supplied by the
purchaser
) Reference to this document —
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 specified |Table A.16 or Table C.16 or as specified in
wall thickness purchase agreement per 8.1.2
f) Coupling stock or accessory material dimensions, expressed in |As specified in purchase agreement
millimetres (inches)
g) Length requirements 8.2; Table A.17 or Table C.17 or as specified
in purchase agreement

© IS0 2024 - All rights reserved
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Table 1 (continued)

Requirement Reference
h) Length for coupling stock or accessory material As specified in purchase agreement
i) Tolerances on outside diameter, wall thickness and mass of cou- |8.3.1

pling stock or accessory material
i) Handling, packaging and storage 141
k) Inspection by the purchaser Annex D
1) Purchase requirements for bars intended for accessory material |F.2.1

5.2 The purchaser shall also state on the purchase agreement the requirements, where applicable,

concerning-the-stiptationststedin—rtabl

specified, the product will be supplied according to the requirements of PSL-1.

1

..... Lo

Table 2 — Additional requirements on purchase agreements

2 _TL dimaal o o o o n ot 1 3! ntiane £ D i
CZTICSCStrpuratrorrsar c—at cirC pur CIirastT S OpPTtIoOTT, 1T 1 SL'Z 1S not

Requirement Reference
a) Cold end sizing exceeding 3 % plastic strain without subsequent heat |6.3.1
treatment for group 1
b) End|sizing by cold swaging or cold expansion 6.3:2
Maxfimum 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) Diff¢grence between measured tensile strength and measured yield |7.2
strepgth smaller than 34 MPa (5 ksi)
g) Mechanical properties at elevated temperature 7.2;9.5.2
h) Oth¢r tensile properties for PSL-2 products 7.2, Table A.28 or Table C.28, G.2
i) Othé¢r hardness properties for PSL-2 produkts 7.3, Table A.28 or Table C.28, G.2
i) Critjcal thickness for impact testing of ceupling stock or accessory 74.2
material
k) Imphct test temperature if lowef than -10 °C (14 °F) 74.6
1) Addjtional flattening tests for groups 3 and 4 materials 7.7
m) Distpnce between platestwiien D/t < 3 or D/t > 15 7.7
n) Charpy V-notch testingZat low temperature for group 2 7.8;9.8
0) Corfosion testing 79
p) Pitting corrosion testing for group 2 79.2;9.9
q) Ferrjite content for material 13-1-0 710.1
r) Spegial’surface condition 711
s) Allekparve driftmandral 834
t) Chemical analysis on semi-finished product 9.3.1
u) Chromium depletion; minimum chromium content higher than 9.3.3
12,0 %
V) Transverse impact test pieces from flattened material for cold hard- |9.7.1
ened groups 2, 3 and 4 materials
w) Specimen preparation (grinding/polishing/pickling) for group 2 9.9
pitting corrosion test
x) Retest provision for group 2 pitting corrosion test 9.9
y) Wall thickness verification for accessory material 9.11.4
zZ) Condition for NDE operations 9.17.3
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Table 2 (continued)

Requirement Reference
aa) Minimum signal-to-noise ratio lower than 3 to 1 9.17.9;9.17.10
bb) [Second outside surface NDE method for group 1 materials 9.179
cc) Band colour for marking the area of defect 9.17.14 b)
dd) |PMIfor group 1 9.18
ee) Low-stress die-stamping or vibro-etching marking requirements 11.1;11.3
ff) Additional marking that is consistent with general marking 11.1
gg) |Modification or elimination of colour code identification 11.2
hh) |Colour code identification of couplings and accessories 11.4
ii) Surface protection for group 1 materials 12.2
i) Content of EDI-transmitted document 131
kk) |Altefnative transportation or packaging system 14.3.1
11) For UNS N06975, wy, , = 6 % mass fraction Table A.29 or Table C.29
mm) |Altefnative place for inspection D.2
nn) |Tredtment of rejected lengths D.4
00) |Purg¢hase agreements for bars intended for accessory material F.22
pp) |PSL{2 Amnex G
qq) |Minjmum quantities, heats and lots to undergo MPQT H.3.1
Addjtional validation requirements
Prodluct dimension representative of a range of product sizes
IT) Statjstical criteria for an in-control process H.3.2
ss) Othér test methods for MPQT H.3.2
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 operatigns such as
AOD, VOD, VAR, ESR, and VAD.
6.2 Product manufacturing process
Product mpnufacturing/processes, starting material and heat-treatment or cold-hardened confitions are
listed in Table A.1 or-Table C.1.

Group 1 pipes and-group 2 solution-annealed pipes shall be full-length heat-treated after any ups

The manufacturer shall apply a process control plan that precludes the occurrence of phenomen

ptting.

bn that can

create surface effects (e.g. chromium depletion below 12,0 % mass fraction for groups 2, 3 and 4) on products
where heat treatment is part of the manufacturing process, which can affect the corrosion resistance.

For group 2, the product shall be in the

a)
b)

solution-annealed and liquid-quenched condition, or

solution-annealed and liquid-quenched and cold-hardened condition.
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6.3 Pipe end sizing

6.3.1 Group 1 pipe may be end-sized such as swaging or expanding after final heat treatment for purposes
of threading. When end sizing exceeds 3 % plastic strain, group 1 pipe shall be either stress relieved at
suitable temperature or full-length heat-treated in accordance with a documented procedure.

When the manufacturer has demonstrated and documented that the end sizing process has not detrimentally
affected the corrosion properties, by agreement between the purchaser and the manufacturer, group 1 pipe
may be cold end-sized exceeding 3 % plastic strain without subsequent heat treatment.

If end sizin

is allowed
method a
manufacty

NOTE1 I

NOTE 2 |
See Warnin

6.4 Stra

6.4.1 WH
straighten
temperatu
may be col
straighten
is not exce

6.4.2 WH
rotary stra
not exceed

6.5 Proq

6.5.1 Th
non-dd
final h

final s
materi

g is performed before final full-length heat treatment, stress relief is not required.

by agreement betw
d acceptance criteria for cold end sizing shall be by agreement between the pure¢has
rer.

is very difficult to stress relieve duplex stainless steels without causing sigma-phase formati

nd sizing can result in mechanical properties and hardness out of the ranges specified in thi
b 1 in Annex G in case of PSL-2 products.

jghtening

en straightening is performed after heat treatment.for group 1, products shall be
ed at 400 °C (750 °F) minimum at the end of rotary straightening, unless a higher
Fe is specified in the purchase agreement. If hot ratary straightening is not possible, 4
d straightened, provided it is then stress-relieved at 510 °C (950 °F) or higher. Ligh
ng shall be permitted, without subsequent stiess relieving, if the induced maximum f
bding the value validated by the manufacturer at the time of process validation (see 6.}

en straightening is performed for gréups 2, 3 and 4, products shall be straightened, ¢
ightening, gag-press straightening.or a combination of both when necessary, utilizing {
ing the limits defined during validation of the process (see 6.5).

esses requiring validation

hse processes requiring validation are
structive examination (see 9.17.8),
pat treatment for group 1 (excluding stress relieving) and solution annealed group 2 mj

plution>annealing before last cold hardening operations for groups 2, 3 and 4 colg
al,

of threading

validation
er and the

p1.

5 document.

hot-rotary
minimum
he product
[ gag-press
ibre strain

).

ither using
arameters

aterials,

hardened

stress

relievi

relieving, if applicable,

ng (see 6.4)] and solution annealed group 2 materials (see 6.5.3), and

deformation induced by cold straightening (if applicable).

6.5.2 Val

idation of heat treatment shall include verification of chromium depletion as per 6.2.
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6.5.3 Validation of cold straightening shall include verification of mechanical properties.

For rotary cold straightening, validation shall be for all quadrants at both ends and the mid-length of the
product. When required, flattening tests shall be performed at both ends and the mid-length of the product.

For gag straightening, validation shall be at the longitudinal location of the product where deformation is
greatest and shall include testing at the maximum tensile and compressive strain locations (see Figure B.9).
The tested length shall be representative of material that has been subject to the maximum induced fibre
strain typical for the straightening operation, as determined by the manufacturer.

Manufacturers shall document the extent of the validation and the method used for validation, including but
not limited to the validation data, analyses, conclusions and range of products, size range, wall thickness and
manufacturing facilities. For gag straightening, the documentation of maximum induced fibre strain shall

take into 49
dimension

6.6 Trac

The manu

identity unltil all required heat, re-meltingot and/or lot tests and inspections are performed and co

with speci

Each lengt
individual
it is receivg

6.7 Manufacturing procedure qualification test

If so specif
qualificati
Alternativg

Annex Hm

6.8 Prog

Applications for new entries or alteration to existing entries shall be accompanied by supportin

as per Ann|

For PSL-2,

7 Matel

7.1 Chel

CCOUNT MaxXimum deflection, equipment SEt-up SUC as diStance Detween SUpports. a
h] range.

eability
facturer shall establish and follow procedures for maintaining heat, rermelt ingot

ication requirements has been shown.

h of product shall be uniquely identified so that test and imspection data can be
engths. Itis the responsibility of the manufacturer to maintain the identification of mg
bd by the purchaser.

ied in the purchase order, the purchaser may,request that an MPQT program be cor
n of a range of products for the specific purchaser or a change in the manufacturii
ly, the manufacturer may by agreement provide qualification data from a previous MH

ay be considered for the definition of the MPQT scope.

ess for update of alloys and/er grades

px H.

Lhe process of update-of alloys and/or grades shall be in accordance with G.5.

rial requirements

mical composition

hd product

and/or lot
nformance

related to
terial until

ducted for
g process.

QT.

g evidence

In Table A.

p oryTable C.2, generic types of alloy are listed with their nominal content of key chemic

hl elements

for PSL-1 p

roaucts.

For PSL-1 products, the chemical composition and tolerances as agreed between the purchaser and the

manufactu

rer shall be included in the purchase agreement.

In Table A.29 or Table C.29, the chemical analysis requirements for PSL-2 products are listed.

For group 2 material only, products in accordance with this document shall have a pitting-resistance
equivalent number as stated in Table A.2 or Table C.2 for PSL-1 products or in Table A.29 or Table C.29 for
PSL-2 products.
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7.2 Tensile properties

Tensile properties at room temperature of pipes covered by this document shall meet the requirements
given in Table A.3 or Table C.3 for PSL-1 products or in Table A.28 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 minimum yield
strength.

b) Iftherequirementin 7.2 a) is not met, then there shall be a 34 MPa (5 ksi) or greater difference between
the measured tensile strength and the measured yield strength. By agreement between the purchaser
and the manufacturer, the 34 MPa (5 ksi) requirement may be reduced.

When tengile properties at elevated temperature are requested by the purchaser, the values and the

verification procedures shall be agreed between the purchaser and the manufacturer.

7.3 Har¢ness properties

The hardn|
Table C.3 fi

ess of products covered by this document shall meet the requirements given in Table A.3 or

r PSL-1 products or in Table A.28 or Table C.28 for PSL-2 products,

I~
- r

4,

The through-wall hardness variation shall meet the requirements specified.in Table A.4 or Table

No individfial hardness number may be greater than 2 HRC units abovethe specified mean hardngss number.

7.4 Charpy V-notch test properties — General requirements

7.4.1 Evaluation of test results

A test shal
The averag
specified i
below the

consist of a set of three specimens taken frgm one location from a single tubular prod
e value of the three impact specimens shall equal or exceed the absorbed energy r¢
n 7.5 and 7.6. In addition, not more thaw one impact specimen shall exhibit an absorl
absorbed energy requirement, and in no case shall an individual impact specimen

uct length.
quirement
bed energy
exhibit an

absorbed gnergy below two-thirds of the absorbed energy requirement.

h test shall
.e. average
hccordance

For the pufpose of determining conferihance with these requirements, the observed result of
be rounded to the nearest whole number. The impact energy value for a set of test specimens (
of three tests) shall be expressed as-a whole number, rounded if necessary. Rounding shall be in
with the rqunding method of [SO.80000-1 or ASTM E29.

7.4.2 Critical thickness

hickness is
hall be the

The absorbed energy\requirements are based on the critical thickness. For pipe, the critical t
the specifipd wall-thickness. For coupling stock and accessory material, the critical thickness §
specified wall thickness, unless otherwise specified on the purchase agreement.

NOTE A pss than the
thickness of the cross-section of the intended accessory with the lowest t/D ratio, where D is the specified outside
diameter and tis the calculated wall thickness at that section. For special end-finish connections, the critical thickness
for externally threaded members is the specified pipe body thickness, while for internally threaded members it is the
calculated thickness of the internally threaded member at the plane of the small end of the pin (when the connection is
made up power-tight).

sa gnidp]inp the pnrr‘hncpr of accessory material can cpr—\r‘ify acritical thickness thatisnol

7.4.3 Specimen size, orientation and hierarchy

When the use of full-size (10 mm x 10 mm) transverse test specimens is not possible, the largest possible
sub-size transverse test specimen listed in Table A.5 or Table C.5 shall be used. When it is not possible to
test using any of these transverse test specimens, the largest possible longitudinal test specimen listed in
Table A.6 or Table C.6 shall be used for a group 1 product and flattening test specimens shall be used for a
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group 2, 3 or 4 product. The hierarchy of C, test specimen orientation and size is specified in Table A.6 or

Table C.6.

Table A.7 or Table C.7 for transverse specimens and Table A.8 or Table C.8 for longitudinal specimens provide

the calculated wall thickness required to machine full-size or a smaller impact specimen (see Table A.5 or
Table C.5). The impact-test specimen size that shall be selected from these tables is the largest impact test
specimen having a calculated wall thickness that is equal or less than the specified wall thickness for the

pipe, coupl

ing stock or accessory material tested.

7.4.4 Alternative size impact test specimens

At the manufacturer's option, impact-test specimens of an alternative size, listed in Table A.5 or Table C.5,

may be used in lieu of the minimum size specified determined from Table A.7 or Table C.7 or from Table A.8

or Table C|8. However, the alternative test specimen selected shall be higher on the hierarchy Table A.6

or Table Cl6 than the specified size, and the absorbed energy requirement shall be adjusted-ir} a manner

consistent with the orientation and size of the impact specimen.

7.4.5 Sup-size test specimens

The mininlum Charpy V-notch absorbed energy requirement for sub-size t€st specimens shpll be that

specified for a full-size test specimen multiplied by the reduction factor in Table A.5 or Table C.5.

7.4.6 Tept temperature

The test temperature shall be -10 °C (14 °F). An alternative lower, test temperature may be specified on the

purchase dgreement or selected by the manufacturer for any grade. The tolerance on the test tgmperature

shall be £1|°C (x2 °F).

7.5 Charpy V-notch — Absorbed energy requirements for coupling stock and accessory

material — All grades

7.5.1 Gepneral

Coupling stock and accessory material suitable for more than one type of connection may be quplified by a

test to denfonstrate conformance to theimost stringent requirements.

7.5.2 Rejgquirements 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 expresgions given imiTable 3, where

— Y5 max |is the maximum specified yield strength, expressed in megapascals (thousand gounds per
squarg inch);

— tis thg critical wall thickness (see 7.4.2), expressed in millimetres (inches).
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Table 3 — Expressions for the minimum absorbed energy requirement for full-size test specimens
of coupling stock and accessory material

Unit system Transverse requirement Longitudinal requirement
and group C, C,
1 2 3
Y5 max ¥ (0,001 18 ¢+ 0,012 59) Y5 max % (0,001 18 ¢+ 0,012 59)
Group 1 or or
SI units 40 ], whichever is greater; see Table A.9 40 ], whichever is greater; see Table A.10
of joules Y5 max ¥ (0,001 18 ¢ + 0,012 59
Groups 2, 3 5 max * ( or ) NA®
and 4
27 ], whicheveris greater; see Tahle A 11
Y5 max X (0,152 t + 0,064) Ys max * (0,152 t + 0,064)
_ Group 1 or or
US;Ifun;ts 29 ft-lb, whichever is greater; see Table C.9 | 29 ft-lb, whichever is greater; see/ Table C.10
of foot-
pounds Groups 2, 3 YS,max x (0,152 t+0,064)
or NA2
and 4 . .
20 ft-1b, whichever is greater; see Table C.11
a2 When tfansverse Charpy V-notch tests %2 size or greater are not possible for groups, 2,3 and 4, then flatten|ng tests are

required.

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 in Taple A.12 or
Table C.12,|Table A.13 or Table C.13, and Table A.14 or Table C.14. The requirements are calculategd based on

the expres$ions given in Table 4, where

Y5 min ip the minimum specified yield strength, expressed in megapascals (thousand pounds per square inch);

— tis thgcritical wall thickness (see 7.4.2), expressed in millimetres (inches).

Table 4 — Expressions for the minimum absorbed energy requirement for full-siz¢ test
specimens of pipe
Unit §ystem TranSverse requirement Longitudinal requireme¢nt
and group C, C,
1 2 3
Y5 min * (0,001 18 £+ 0,012 59) Y5 min X (0,001 18 ¢ + 0,012]59)
Group 1 or or
ST units 40 J, whichever is greater; see Table A.12 40 ], whichever is greater; see Table A.13
of joules Yo i ¥ (0,001 18 ¢+ 0,012 59
Groups:2;3 S min * ( )
or NA2
and4 i )
27 ], whichever is greater; see Table A.14
AVA (O1C2 £ . N0 NC AN AVA (o1 & .04
S min U, LTIz T 1T U,007T]) TS min (U, LIz T 1T U,U0
_ Group 1 or or
USfounéts 29 ft-lb, whichever is greater; see Table C.12 | 29 ft-lb, whichever is greater; see Table C.13
of foot-
’ or NAa
and 4 . )
20 ft-1b, whichever is greater; see Table C.14
a2 When transverse Charpy V-notch tests % size or greater are not possible for groups 2, 3 and 4, then flattening tests are
required.
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7.7 Flattening requirements

For groups 2, 3 or 4, flattening tests shall be made as an alternative to impact tests when the outside
diameter or wall thickness precludes the machining of transverse impact test specimens % size or larger.
By agreement between the purchaser and the manufacturer for groups 3 and 4, flattening tests may be
performed in addition to the impact tests that are required when % size or larger transverse specimens can
be machined.

When flattening tests are required, products with D/t ratios between 3 and 15 shall be flattened until the
distance between the plates is less than or equal to S, expressed in per cent, of the specified outside diameter,
D, as calculated by Formula (1) for SI units and by Formula (2) for USC units:

$=100—{]3,84581In(Ys .y ) —24,344 |xD /t} 1)
§=100—{[3,84581In (Y5 ., ) —16,919 |xD / t} (2)
where

Y5 max| 1S the maximum specified yield strength, expressed in megapascals
(thousand pounds per square inch);

D is the specified outside diameter of the product, expressed.in‘millimetres (inches);
t is the specified wall thickness of the product, expresse@®@in millimetres (inches);
In is the natural logarithm of the maximum specifiedyield strength.

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

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

Occurrenc¢ of a load drop-off, before meeting the specified deflection, shall be determined from the load
versus deflection test record. A load drop-pffithat exceeds 5 % of the instantaneous load prior tp the drop-
off shall be|cause for rejection. When the reeord does not show a load drop-off above 5 %, cracks ghall not be
cause for rgjection.

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

7.8.1 Gepneral

Charpy V-;rotch test properties at low temperature shall be evaluated for group 2 when specfified in the
purchase agreement:

7.8.2 Evaluation of test results

A test shall'consistof a set of three specimens taken from one lfocation from a single tubular product length.
The average value of the three impact specimens shall equal or exceed the absorbed energy requirement
specified in 7.8.5. Not more than one impact specimen shall exhibit an absorbed energy below the absorbed
energy requirement. 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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7.8.3 Selection of test specimens

When the use of full-size (10 mm x 10 mm) transverse test specimens is not possible, the largest possible
sub-size transverse test specimen listed in Table A.5 or Table C.5 shall be used. When it is not possible to
test using any of these transverse test specimens, the largest possible longitudinal test specimen listed in
Table A.6 or Table C.6 shall be used. The hierarchy of C, test specimen orientation and size is specified in
Table A.6 or Table C.6.

Table A.7 or Table C.7 for transverse specimens and Table A.8 or Table C.8 for longitudinal specimens provide
the calculated wall thickness required to machine full-size or a smaller impact specimen (see Table A.5 or
Table C.5). The impact-test specimen size that shall be selected from these tables is the largest impact test
specimen having a calculated wall thickness that is equal or less than the specified wall thickness for the

tubular. When longitudinal half-size test specimens cannot be machined, no test needs to be done.

For alterng

784 Te

The test te

tive size impact test specimens and sub-size test specimens 7.4.4 and 7.4.5 apply, resp

5t temperature

mperature shall be =46 °C (=50 °F). The tolerance on the test temperature-shall be +1 9

orbed energy requirements

7.8.5 Ajs
The minimum absorbed energy requirement for full-size test speciméns is provided in Tah

Table C.15.
7.9 Corx

7.9.1 Ge|
At the purd
NOTE

7.9.2 Pif
Pitting cor
When reqy

(122 °F) fo
Higher tesf

No pitting
7.10 Micy

7.10.1 Gr

osion properties

neral
haser's option, quality control corrosion testing may be specified in the purchase agrg

orrosion testing for quality control purposes is not required.

ting corrosion properties for group 2
rosion resistance shall be evaluated for group 2 when specified in the purchase agreer

ired, the evaluation shall be performed at 25 °C (77 °F) for category 22-5-3 materials 3
" categories 25-7-3, 256-7+4 and 26-6-3 materials. Test temperature tolerance shall be ]
temperatures are'acceptable. The test exposure time shall be at least 24 h.

shall be detected and mass loss shall be less than 1,0 g/m2 (0,2 1b/1,000 ft2).

ostructure properties

pctively.

C (22 °F).

ement.

nent.

nd at 50 °C
°C (%2 °F).

pup, 1

For martensitic material, the delta ferrite volume fraction shall not exceed 2 %.

For category 13-1-0, the ferrite volume fraction may exceed 2 % by agreement between the purchaser and
the manufacturer.

The microstructures shall have grain boundaries with no continuous precipitates or ferrite network.

7.10.2 Group 2

The microstructure shall have a ferritic-austenitic structure.

For duplex

alloys, the ferrite volume fraction shall be in the range 40 % to 60 %.
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For super-duplex 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 homogeneously distributed throughout the
test specimen, and that the maximum dimension of each precipitate does not exceed 10 pm (0,40 mil).

Micrographs included in Annex I are showing examples of microstructures.

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

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

NOTE

reduces the

pitting corr
and corrosi

7.10.3 Gr

The micro

discrete/st

Micrograp

Grain size

7.11 Surf

The intern
requireme
in this casd

Nhile determination of the nitride phase balance is impractical, the presence of nitrides in the fi

errite phase

Charpy V-notch property, increases micro hardness in the ferrite phase and reduces the by
bsion potential. Quality control to avoid excessive nitrides is therefore best achieved by méetin
bn properties given in 7.8 and 7.9.

pups 3 and 4

structure shall be free from intermetallic phases and carbides/nitrides precipitates,
andalone precipitates. Grain boundaries shall be free from continuous networks of pr

s included in Annex | are showing examples of microstructures:

shall be reported for information.

ace condition

al surface of pipes shall be free from scale and“annealing residues. If the purchaser
hts for the pipe surface, this shall be stated at'the time of enquiry and order. The purdg
specify the method, frequency, roughness\values and extent of testing.

eakthrough
b the impact

except for
bcipitates.

has special
haser shall

7.12 Defects

7.12.1 PiIe

All pipes shall be free from the following defects:

a) any quench crack or arc burn;

b) any sufface-breaking imperfection that is proven to reduce the net effective wall thickness beglow 87,5 %
of the $pecified wall thickness for hot-finished products or 90 % for other products;

c) any linear imperféction on the outside or inside surface, of any orientation, with a depth greater than
5 % of|the specified wall thickness or 0,3 mm (0.012 in), whichever is greater, in the radial difection;

d) any nongsurface-breaking imperfection detected that, when outlined on the outside surface, has an area
greatetthan260-mm2 (0-40in2);

e) any surface-breaking pipe-upset imperfection, of any orientation, with a depth greater than 5 % of the
specified pipe body wall thickness; the minimum wall thickness in the upset run-out interval, and the
maximum combined effect of coincident internal and external imperfections in all areas, shall not result
in the remaining wall below the imperfections being less than 87,5 % of the specified wall thickness;

f) on the internal upset configuration on all upset products, any sharp corner or drastic change of section

that can cause a 90° hook-type tool to hang up (see Figure B.3).
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7.12.2 Coupling stock and accessory material

All coupling stock and accessory material shall be free from any quench crack or arc burn. All coupling
stock and accessory material shall be free from, or have clearly marked, any other outside-surface-breaking
imperfection with a depth greater than 5 % of the specified wall thickness or that is proven to reduce the
outside diameter or wall thickness below specified tolerances. Also, the requirement of 7.12.1 d) shall apply.

7.12.3 Process control plan

The manufacturer, based on knowledge of the production process and the requirements of Clause 9, shall
apply a process control plan that ensures that the requirements of 7.12.1 and 7.12.2 are fulfilled.

8 Dimensions, masses and tolerances
8.1 Outside diameter, wall thickness and mass

8.1.1 The outside diameter, wall thickness and mass of the pipes for casingrand tubing ¢overed by
this document are given in Table A.16 or Table C.16. The masses included in Table A.16 or Table C.16 are
calculated jusing 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;

— «afor apistenitic steels — Group 3;

— ffor apistenitic Ni-based alloys — Group 4.

The a and p values shall be provided by the manufactutrer.

8.1.2 Dirpensions other than those in Table A.16 or Table C.16 may be agreed at the time of enquiry and order.

8.1.3 Foi measurement of diameter, the accuracy shall be as follows.
a) Using $I units

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

b) Using USC units

An accuracy efithree decimal places shall be used.

8.2 Length

Unless otherwise agreed between the purchaser and the manufacturer, the pipes shall be delivered with the
length requirements listed in Table A.17 or Table C.17.

8.3 Tolerances

8.3.1 Tolerance on outside diameter, wall thickness and mass

The outside diameter, wall thickness and mass of the pipe for casing and tubing shall be within the tolerance
limits given in Table A.18 or Table C.18.
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For coupling stock and accessory material, the tolerance on outside diameter, wall thickness and mass shall
be specified at the time of enquiry and agreed on in the purchaser agreement.

8.3.2

There is no

Inside diameter, d

direct tolerance set on inside diameter, d.

8.3.3 Straightness

Deviation from straightness, or chord height, shall not exceed either of the following:

diame

er >101,60 mm (4 in) (see Fisure B.1):

3,18 m
(see Fif

8.3.4 Dr

Each pipe 1
be as speci

An alterna
Table A.20

ffied in Table A.19 or Table C.19.

m (0.125 in) maximum drop at each end, in the transverse direction for a length.0f’1
cure B.2).

ift requirements

hall be drift-tested throughout its entire length. Standard drift sizes-for casing and t

Live drift mandrel size may be specified by the purchaser. For common alternative dri
or Table C.20.

8.4 Product ends

All plain eff

9 Inspe

9.1 Test

The manu
standards

If test or measuring equipment, whose calibration or verification is required under the provisi

document,
reverificat

9.2 Typ
The tests c

No test is 1

d product ends shall be free from burrs and out-ef¢squareness shall be within 0,01 D.

ction and testing

equipment

facturer shall determine and.decument the appropriate calibration frequency ang

is subjected to unusual er severe conditions that make its accuracy questionable, reca
on shall be perforted before further use of the equipment.

e and frequency of tests

arried olitand the test frequency are given in Table A.21 or Table C.21.

equired for pup joints manufactured from a length of casing or tubing, provided that

previously
9.3 Test

9.3.1 Ch

0,2 % of the total length of the pipe, measured from one end of the pipe to the other end for pipe with a

52 m (5 ft)

ubing shall

t sizes, see

reference

n order to be able to certify that all products conform to the requirements of this docyiment.

ons of this
ibration or

it has been

tested and conforms to requirements and there is no subsequent heat treatment.

ing of chemical composition

emical analysis

The results 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 A.29 or Table C.29;
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— for PSL-1 and PSL-2, any other elements used by the manufacturer to control properties.

An analysis of the finished product shall be made on

two sa

a)

b) onesam

mples per heat for non-remelted alloy, and

ple per remelted ingot for remelted alloy.

By agreement between the purchaser and the manufacturer, samples may be taken from the semi-finished

product.

Samples shall be taken in accordance with ISO 14284.

9.3.2 Te

’t mnl—hed

TITC LT

Selection of a suitable method for chemical analysis shall be at the discretion of the manufacturer

method of

NOTE I
methods fo

9.3.3 Ch

When sped
content us]

kpectrometric analysis is used.

SO/TR 9769, ASTM A751, ASTM E1473 and ASTM B880 provide a list of available’standard
chemical analysis, including information on their fields of application and accuracy.

romium depletion test — Groups 2, 3 and 4

ified in the purchase agreement, one sample per test lot shall be’examined for surface
ng the EDX (energy dispersive X-ray spectrometry) or an equivalent method. The sam

taken on the product in its final delivery condition, but no special Surface preparation shall be d

the test. TH

higher minimum chromium content may be agreed between thé.purchaser and the manufacturer.

If a sampld

e measured chromium content on the outside and inside surfaces shall not be less tha

fails to meet the requirements, two additional*samples from the same length shall b

either of the additional samples fails, the manufacturer may elect either to test each of the remain

in the test
9.4 Test

94.1 Te

The numbd

9.4.2 Se

Samples af
[SO 377.

9.5 Tens

9.5.1 Or

ot or to rework (e.g. additional pickling andyor grinding) and test the lot as a new lot.
ing of mechanical characteristics

5t lot

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

ection and preparation of samples and test pieces

d test pieces shall be taken at the pipe ends and shall be in accordance with the requi

ile test

. Often, the

5 specifying

chromium
ble shall be
one before
n 12,0 %. A

e tested. If
ing lengths

rements of

jentation and size of test pieces

The test pieces shall be taken longitudinally to the pipe axis in accordance with the requirements of

[SO 6892-1

or ASTM A370.

In case round-bar specimens are used, the largest gauge diameter compatible with the wall thickness of the

product sh

9.,5.2 Tes

all be used.

t method

A tensile test shall be carried out at room temperature in accordance with ISO 6892-1 or ASTM A370.

The tensile strength, R, the yield strength, RpO,Z' and the percentage elongation after fracture, e, shall be
determined during the tensile test.
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The results of the tensile test shall conform to the requirement of 7.2 and with the values for the material
category and grade specified in Table A.3 or Table C.3 for PSL-1 products or in Table A.28 or Table C.28 for
PSL-2 products.

If agreed at the time of ordering, a tensile test at elevated temperature shall be carried out in accordance
with ISO 6892-2 or ASTM E21. The yield strength, R, ,, shall be determined during the tensile test at the
temperature agreed at the time of enquiry and order.EFhe result of the tensile test shall conform to the value
agreed at the time of enquiry and order.

9.5.3 Invalidation of test

Any test specimen that shows defective preparation or material imperfections unrelated to the intent of

the test, w

ether observed before or after testing, may be discarded and be replaced by anothe

specimen

from the s
required p

9.54 Re

If a tensile
to carry ol
fewer leng
accepted, €

If one or m
elect to teq
retests sha

Rejected Id
9.6 Harsg

9.6.1 Te

The test pi
The test ri}

The surfad

hme length. Specimens shall not be judged defective for the sole reason that they fail
roperties.

test

test representing a lot fails to conform to the specified requirements, the manufacture
It retests on three additional lengths from the same lot. In the case of test lots wit
ths, each length shall be tested. If all of the retests conform to thé-requirements, the
xcepting the failed length.

pre of the retest specimens fails to conform to the specifiedtequirements, the manufa
t each of the remaining lengths in the lot. Any length thatfails shall be rejected. Spe
Il be taken in the same manner as specified in 9.4.2.

ts may be re-heat-treated and tested as new lots, assapplicable.
Iness test

5t pieces

ece for the hardness test shall bearing or product test block cut from one end of the s4
ng or product test block shall be aminimum of 12,7 mm (%2 in) long.

es of the test piece that(contact the anvil and the indenter shall be machined para

0,5° and sinooth with an average ‘surface roughness of 0,6 pm (25 pin) or finer, as defined by |

[SO 21920+

. They shall be visudlly inspected and shall be free of visible foreign matter, lubricantg

When prodluct test blocks‘or'rings are prepared using consistent machining processes that ¢

requireme

t is met, verification of parallelism and roughness is not required. Otherwise, the

and the royighness shall’be verified on each test piece.

9.6.2 Te

A test bloc

5t method

k shall be tested in one quadrant. A row of three hardness indentations shall be made

o meet the

r may elect
h three or
ot shall be

cturer may
cimens for

nmple pipe.

llel within
Ra value in
and burrs.

nsure this
barallelism

ht required

locations (outer, midwall, inner as applicable) and the hardness numbers shall be averaged to give one mean
hardness number for each location. An illustration is given in Figure B.4, key item 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 7,62 mm (0.300 in), one row shall be used. For wall thickness
higher than 7,62 mm (0.300 in) and lower or equal to 11,43 mm (0.450 in), two rows shall be used. For wall
thickness higher than 11,43 mm (0.450 in) three rows shall be used. The outer and inner locations shall be
taken between 2,54 mm (0.100 in) 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 to the edge of the
specimen or three diameters from another indentation measured centre to centre.
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The mean hardness number is the average of three Rockwell hardness numbers in the same location as it is

shown in detail b of Figure B.4. Rockwell hardness indentation data are called Rockwell hardnes
see detail c of Figure B.4.

A Rockwell hardness test shall be carried out in accordance with ISO 6508-1 or ASTM E18. Hard

s numbers;

ness tests

shall be made using the Rockwell C scale. The mean Rockwell hardness numbers shall conform to the

requirements of 7.3, Table A.4 or Table C.4, and with the hardness requirements for the materia

| category

and grade specified in Table A.3 or Table C.3 for PSL-1 products or in Table A.28 or Table C.28 for PSL-2

products.

The first indentation on a hardness test specimen shall be made near the centre of the test block specimen

to help seat the test specimen and reduce the possibility of errors. The result of this first indentati

ignored and it is not necessary to record it.

ion shall be

Overhang (
area of the
the produd
accurate r¢

f product test blocks or rings beyond the anvil support of less than or equal to 40 %,0f

t test block or ring when the testing equipment is designed and validated te; yield c
sults for such use. External support is not permitted.

The anvil 4

When standardized test blocks are used for the verification of a hardness m@achine, the same an|
used for the verification as will be used for acceptance testing following the verification.

Hardnesst

Only inde

The polish
chips, pits)|with the aid of adequate magnification (e.g.20x or higher).

If the diffefence between the highest and lowest'indentations at a location (same outside-wall, 1
inside-wal] in a quadrant) is greater than 2,5 HRC, then three additional indentations in the sar

shall be taken. In such case, the mean hardness number shall be based on the three additional in

product test block or ring is acceptable. The overhang may exceed 40 % of thé surf]

nd anvil seat shall not have protrusions or indentations that adversely affect the hardji

psts shall only be made using hardness testers with digital readout with one or more deci

ers that have been calibrated (verified) for use with the specific test machine to be ug
during an indirect verification, shall be used. When other indefiters are used, they shall be verific
indirect veification with respect to a more accurate indenterde.g. reference indenter with less et

d portion of the HRC indenter shall be visually inspected periodically for damage (

the surface
hce area of
bnsistently

hess result.

vil shall be

mal places.

ed, such as
bd using an
ror).

e.g. cracks,
nid-wall or

ne location
Hentations.

The test r¢port shall indicate that additional indentations were made and the original test data shall be

available upon request.

9.6.3 Invalidation of tests

Any test s
the test, whether observédybefore or after testing, may be discarded and be replaced by anothe
from the same length, Specimens shall not be judged defective for the sole reason that they fail t
required pfoperties:

9.6.4 Periodic checks of hardness-testing machines

Periodic clietks™ o TITa
Rockwell hardness test machines.

pecimen that shews“defective preparation or material imperfections unrelated to tH

e intent of
I specimen
o meet the

ASTM E18 for

The standardized test block shall have a maximum non-uniformity of 0,4 HRC. The non-uniformity of the

standardized test block shall be determined by the difference between the highest and lowest i
number stated in the standardized test block certificate.

At least two preliminary indentations on each standardized test block should be disregarded

ndentation

in order to

reduce the possibility of errors. After the preliminary indentations, at least three hardness indentations

shall be made on the standardized test block. The error shall not exceed +0,5 HRC. The erro

determined by the certified mean hardness number of the standardized test block minus the mea
number determined during the periodic check.
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The testing machine shall be checked at the beginning and end of a continuous run of testing and at such
times as are required to assure the operator of the equipment and the purchaser (or his representative) that
the machine is satisfactory. In any event, checks should be made at least every 8 h of a continuous run of
testing. The standardized test blocks chosen shall have a certified mean hardness number within 5 HRC of
the maximum mean hardness number specified for the product being tested.

If the checks indicate that the testing machine results are unsatisfactory, the machine shall be verified by
indirect verification using standardized test blocks according to the procedures in ISO 6508-2 or ASTM E18
for Rockwell hardness test machines.

The results obtained 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 vefification of hardness testing machines shall be performed at least once every13-months and after

a direct verification has been performed, in accordance with the procedures in ISO 6508-2 or AS['M E18 for

Rockwell Hardness test machines.

The HRC stlandardized test blocks shall be within 20 HRC to 50 HRC to confirm‘accuracy and linearity using

a two-blodk verification. The standardized test blocks used shall bracket‘the HRC range for hcceptance

testing. The standardized test blocks shall have a maximum non-uniformity of 0,4 HRC (differen¢e between

the highest and lowest indentation number stated in the standardized-tést block certificate). Thelerror shall

not exceed *0,5 HRC (determined by the certified mean hardnesg number of the standardized test block

minus the mean hardness number determined during the indirectwerification).

The indenfer 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 wjith less error) and standardized test blocks imtthe range being tested. HRC indenters ghall have a

maximum performance error of +0,4 HRC.

The calibration laboratory that conducts verifications of hardness testing machines and HR( indenters

calibration| and that issues certificate (verification report) for the hardness tester should meet the

requirements of [SO/IEC 17025. As a minimuh, the calibration certificate shall identify:

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

b) methof of verification (direct@nd/or indirect);

¢) means|of verification (reférence blocks, elastic proving devices, etc.);

d) temperature;

e) hardnéss scale(s) verified;

f) date of the verification;

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

h) results obtained;

i) identification of the hardness test machine (manufacturer, model number and serial number);

j)  serial number of indenter;

k) certifying agency;

1) name of their representative performing the verification.
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9.6.6 Retests

If any mean hardness number 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 to determine a new mean hardness number.

If the new mean hardness number conforms to the requirements, the length shall be accepted.

If the new mean hardness number fails to conform to the requirements, the length shall be rejected.

If a length is rejected due to exceeding maximum mean hardness or exceeding the maximum hardness
variation, the manufacturer may elect to carry out retests on three additional lengths from the same lot
from the same end as the orlgmal test spec1men If all the retests conform to the requlrements the lot

shall be acge ments, the
manufactufrer may elect to test each of the remaining 1engths in the lot or reject the lot.

Rejected Idts may be re-heat-treated and tested as new lots, as applicable.

9.7 Imppct or flattening test

9.7.1 Test pieces

a) Impact test pieces shall be taken in accordance with ASTM E23 and 743 7.5 and 7.6 (see Figure B.5).

For the transverse test piece, the surface of the finished machinéd test piece may contain the curvature

of the priginal tubular product, provided that the requirements‘of Figure B.6 are met.

For grpup 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 may b¢ machined

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

b) Flattening test specimens shall be rings or¢rop ends not less than 50,8 mm (2 in) long. Spedimens may
be deburred prior to flattening.

9.7.2 Frequency of testing

The frequency of testing is as follows.

a) Casingand tubing, groupd:Both ends of two lengths from each heat shall be tested.

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

1) Bdgth ends of two lengths from each ingot or continuous 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 fontinuous
capt strand.

2) Adanalternative, at the manufacturer's option, impact or flattening tests shall be made omn both ends
of two lengths taken at random from each test lot, provided the manufacturer has a documented
procedure for 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.

c¢) Coupling stock and accessory material:

1) Both ends of each length of coupling stock or accessory material shall be tested.
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2) As an alternative, at the manufacturer's option, impact or flattening tests shall be made on both

en

ds of two lengths taken at random from each test lot, provided the manufacturer can:

i) either demonstrate by traceability that all coupling stock and accessory material in the test lot
has been made from bars that are not issued from either the top or the bottom length of the
ingot or continuous cast strand, 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 Imlpact 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.

9.7.4 Flattening test method

9.7.4.1 Test method
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|, if either end of a length fails to meet the specified requirements, the manufacturer may elect to

ndditional specimeng taken from the same end of the length. The length may be cut b4
st samples. The impact energy from each of the retest specimens shall be equal to or

[ts of the retest do not meet the specified requirements of this document, then a tg
bth ends‘of ‘an additional three lengths of product from the same test lot. If all of the
rm to_the specified requirements, then the test lot shall be qualified except for the
ally\rejected. If one or more of the additional lengths tested fails to conform to th

ck prior to
exceed the

st shall be
additional
ength that
e specified

requireme

nts/ the manufacturer may elect either to test individually the remaining lengths in th

b test lot or

to reject the lot. Rejected lots may be re-heat-treated and tested as new lots.

For groups 2, 3 and 4, when testing the end of the strand or ingot, if either test representing a single length
fails to meet the specified requirements, the manufacturer may elect to test three additional specimens
taken from the same end of the length. The length may be cut back prior to taking retest samples. If any
retest specimen 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. 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.

For groups 2, 3 and 4, when the lengths tested are selected at random, if either test representing a single
length fails to meet the specified requirements, the manufacturer may elect to test three additional
specimens taken from the same end of the length; however, no cut-back is allowed. The impact energy from
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each of the retest specimens shall be equal to or exceed the specified minimum absorbed energy requirement
or the length shall be rejected. The manufacturer may elect 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.

9.7.6 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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the lot. The manufacturer may elect to re-heat-treat all lengths from the lot and test as a new lot.

9.9 Pitting corrosion test for group 2

gths from

When required for group 2, pitting corrosion test shall be conducted using full-thickness test pieces. For
products with large sections, the corrosion test specimen shall be taken transverse to the longitudinal axis
with dimensions of approximately 6 mm x 25 mm (1/4 in x 1 in) by thickness. For very large sections, the
thickness dimension of the specimen can be cut so that one-halfto two-thirds of the product thickness is tested.

The test frequency shall be one test per lot.
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The test pieces shall be taken either

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

— after the heat treatment immediately preceding final cold finishing steps for cold hardened material.

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 the purchaser and the manufacturer.

NOTE

at 60 °C (140 °F) in a solution of 20 % HNO3 + 5 % HF (volume fraction).

Guidance on pickling procedure can be found in ASTM A380. An example for such a procedure is for 5 min

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 sgecimen 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 anotherspecimé¢n from the
same length. Specimens shall not be judged defective for the sole reason that they failto meet the required
properties

Retesting is by agreement between the purchaser and the manufacturer.

9.10 Microstructural examination

9.10.1 Test pieces

Test specithens shall be full radial wall thickness by minimum lenigth of 6 mm (0.236 in).

The test pigces shall be taken:

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

— after the heat treatment immediately preceding final cold finishing steps for cold hardened material.
9.10.2 Test method

9.10.2.1 Herrite volume fraction determination — Group 1

The examipation of alloy structure and the determination of ferrite volume fraction shall be cairied out in
the longitydinal direction, in@gcordance with ASTM E562 with a minimum of 30 fields measurfed, using a
minimumnll?agnification of 4Q0x. ASTM E1245 can be used as an alternative provided the manufacturer has
a documenited validation'ef'the method.

9.10.2.2 Herrite volume fraction determination — Group 2

The ferritd velume fraction 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 ferifite volume

fraction measurement shall be performed on a longitudinal or transverse section at the discretion of the

manufactu

rer and cover the full wall thickness. The relative accuracy shall be 15 % maximum.

9.10.2.3 Microstructural examination — Groups 2, 3 and 4

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 2,1S0 17781:2017,
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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.

The presence and location of nitride/carbide precipitates shall be noted and reported with one micrograph

representa

tive 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 longitudilllal section.
Grain size ¢valuation shall be made at least in three locations covering the full section of the.spedimen.
9.10.3 Retest

If a microstructure test fails to conform to the specified requirements, the manufacturer may elect to retest
three addifional lengths randomly selected from the lot. In the case of a centihuous process, these shall
represent fhe start, the middle and the end of the heat treat cycle.

If all the reftests conform to the requirements, the lot, except the failed dength, shall be accepted.

If one or more of these retests fails to conform to the requirements, the lot shall be rejedted. If the
manufactuter can provide, to the satisfaction of the purchaser, evidence of the cause of the failgd test, the
manufacturer may be allowed to retest each length and qualify the non-failing lengths.

Rejected Idts may be re-heat-treated and retested as newlots, as applicable.

9.11 Dimlensional 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 dimengion shall be checkéddcross the diameter by means of a mechanical calliper or micrometre at 0°
and at 90° pn each end of the-length or by a continuous laser system or equivalent device with dethonstrated
capability at 0° and at 90% 0or one direction spirally along the full length of the product.

The frequency of measurement may be reduced, provided the manufacturer applies a process cpntrol plan
that has dgmonstrated to the satisfaction of the purchaser that the requirements of this document are met.
9.11.3 Wallthickness at end of products

Wall thickness measurements shall be made with a mechanical calliper, micrometre or with a calibrated
non-destructive examination device of appropriate accuracy. When mechanical callipers or micrometres are
used, the shape of the contacts or anvil in contact with the inside diameter shall be either round, point or
knife edge. 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 % 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).
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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.

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 alternative drift requirement shown
in Table A. extending
beyond thd specified cylindrical portion shall be shaped to permit easy entry into the pipe. The,df{ft mandrel
shall pass freely through the pipe by use of either a manual or power-drift procedure. In ca§e)of dispute, the
manual-drjft procedure shall be used. A pipe shall not be rejected until it has been drift-testéd with the bore
free from 4ll foreign matter and the pipe properly supported to prevent sagging.
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ting is not
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upsetting 3
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lly upset end tubing and casing, the pipe shall be full-length drift<tested either befq
t the manufacturer's option, using the drift mandrel dimensionsgiven in Table A.19 or
'd drift mandrels or Table A.20 or Table C.20 for alternativé<drift mandrel dimension|
hving dimensions agreed at the time of enquiry and order. End drifting after upset

9.12.3 Drijft mandrel coating

The drift n
same mat¢g
extraneous

bl or in the
free from

handrel shall be externally coated or manufactured from suitable non-ferrous materi
rial as the pipe in order to avoid iron contamination. The mandrel's surface shall be
ferrous material.

9.13 Length

The length

9.14 Stra
All pipes s
The straig

using

|

using 4

of each finished length of product shall be measured using either a manual or an autom

jghtness

all be visually examined.

tness of excessively bent pipes or hooked extremities shall be verified

| straightedge or taut string (wire) from one end of the pipe to the other end (see Figuy

h minimum 1,83 m (6 ft) straightedge shouldered on the pipe surface beyond the ex

atic device.

e B.1), and

tent of the

hooketii éxtremity (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 Ge

neral

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
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a procedure written by the manufacturer. If another method is applied with demonstrated capability of
detecting defects as defined in 7.12, physical visual inspection is not required.

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 the
manufacturer. The minimum illumination level at the inspection surface shall be 500 Ix (50 foot-candles).

Physical visual inspection may be replaced by a visual technique, other than those stated in 9.17.9 or 9.17.10,
if the system has validated and documented capability of detecting surface defects, as defined in 7.12, and
the manufacturer has documented capability records (per 9.17.8 as applicable), verification criteria and
calibration procedures, including frequency.

The visual inspection shall be on the product in the final surface and mechanical processing condition, but
before coating; ifappticabte:

9.16.2 Pipe body, coupling stock and accessory material

Each pipe, de surface

for the det

coupling stock or accessory material shall be visually inspected over the-éntire outs
bction of imperfections.

9.16.3 Pipe ends

For non-upset products, pipe ends shall be visually inspected on the inside surface for a minimum distance
of 2,5 D or #50 mm (18 in), whichever is the lesser.

For upset groducts, pipe ends shall be visually inspected on the inside surface for a minimum distlance of the
length of upset, including the run-out interval.

If end cropping is performed to remove defects, the end of the'pipe revealed after cropping shall be subjected
to a repeat|internal surface inspection as previously performed.

9.16.4 Disposition

Surface imperfections disclosed by visual inspection shall be treated in accordance with 9.17.12 0 9.17.14.
9.17 Nontdestructive examination

9.17.1 General

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

9.17.2 to 9.

is given in

17.14. A summary of the required NDE operations for pipe, coupling stock and accesso
Fable A.21 op-Table C.21. All pipe, coupling stock and accessory material that require N

visual insp

The NDE {
methods a

ection) shall-be inspected full length (end-to-end) for defects.

tandards for the inspection of pipe referenced in 9.17 are based on traditional, p
nd techniques practiced and adopted worldwide for the inspection of tubular product

'y material
DE (except

roven NDE
5. However,

other NDE|hethods/techniques that have demonstrated capability in detecting defects as defihed in 7.12

may be used. Records in accordance with 9.17.8 shall be maintained.

At the discretion of the manufacturer, artificial reference indicators in addition to those in Table A.23 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.
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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 haveb

een met.

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

9.17.2.1 1SO 9712, I1SO 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

company §
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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;

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-

9.17.7 Reference standards

Ultrasonic|and electromagnetic inspection systems for other than laminar imperfection-and wal

verification shall use reference standards containing notches or holes as shown in Figure B.8 and

or Table C.
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jcturer's process.

facturer may use any documented procedures to establish the reject threshold for
hagnetic inspection, provided that the artificial reference indicators described in Taj
can be detected dynamically under normal operating conditions. Such detection capd
trated dynamically. At the option of the manufacturer, this may be performed eithe

or Table C.24 and Table A.23 or Table (123 list the acceptance (inspection) levels and

artificial r¢
pipe that ¢

eference indicators that manufacturets shall use in establishing reject thresholds for
hn contain the defects, except laminar imperfections, as defined in 7.12. The reference

used during automated ultrasonic or electromagnetic inspection shall not be construed as being

sizes defin

When calil

bd in 7.12, or be used by those.other than the manufacturer as the only basis for pipe r

rating eddy-current or flux-leakage testing equipment using drilled holes, the inspect

shall be capable of producing signals from both OD and ID notches that are equal to or greatd

reject thre

9.17.8 NI

The manuf]
reference i

The verific

thold established using the drilled hole. Records in accordance with 9.17.8 shall be ma

E system capability records

acturer.$hall maintain NDE system records verifying the system(s) capabilities in de
hdicators used to establish the equipment test sensitivity.

pation shall cover, as a minimum, the following criteria:

ce standard for laminar imperfections shall contain a flat-bottom récess machined into the inner

cator shall
b typical to

ultrasonic
ble A.23 or
bility shall
on-line or

associated
inspecting
indicators
the defect
bjection.

ion system
er than the
ntained.

tecting the

a) coverage calculation (i.e. scan plan), including wall thickness verification;

b) capability for the intended wall thickness;

c) repeatability;

d) transducer orientation that provides detection of defects typical of the manufacturing process
(see 9.17.1);

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

f) threshold-setting parameters.
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, the manufacturer shall maintain documentation relating to

NDE system operating procedures,
NDE equipment description,

NDE personnel qualification information, and

conditions.

9.17.9 All product group 1
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to-noise ratio shall not be less than 3 to 1, unless agreed in advance-between the pun
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tic-particle inspection in accordance with ISO<10893-5 or ASTM E3024.

l1-body NDE of product — Groups 2, 3'and 4
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idinal and transverse imperfections on the outside and inside surfaces to acceptance
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e notches,shall be validated and documented by manufacturer according to the in
of theirtypical manufacturing process.

to‘noise ratio shall not be less than 3 to 1, unless agreed in advance between the pur

dynamic test data demonstrating the NDE system/operation capabilities under production test

level U2 by
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chaser and

, when specified in the purchaser agreement, all lengths shall be inspected for the detection of

b.

—

level U2 by
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cturer.

NOTE

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

9.17.11Pipe, coupling stock and accessory material requiring further evaluation

In all cases, indications producing a threshold alarm condition as a result of the specified NDE operation(s)
shall have the indications evaluated in accordance with 9.17.12, unless it can be demonstrated that the
imperfection causing the indication is not a defect as described in 7.12.
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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 option,
the inspection equipment shall be adjusted either to the same sensitivity level as that used to perform the
original in$pection or to a reduced sensitivity that meets the specified requirements.

For the evdluation 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 materialby 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 thelremaining
outside diameter or wall thickness below the minimum specified on the purchase agreemg¢nt. Abrupt
changgs in wall thickness caused by material removal during prove-up sliall be smoothed.

b) Using (an) ultrasonic technique(s) (time- and/or amplitude-based), or other comparable fechniques.
Verification of the ultrasonic technique(s) shall be documented, and)shall show capability to differentiate
imperfection sizes larger and smaller than the appropriate defect size stated in 7.12.

If the purchaser and the manufacturer do not agree on the evaluation test results, either party njay require
destructive evaluation of the material, after which, dispositiefshall be as described in Annex D.

Imperfectipns that have been evaluated and found to be'defects shall be given a disposition in accordance
with 9.17.1B and 9.17.14, as applicable.

9.17.13Disposition of pipe containing defects

Imperfectipns that satisfy the material requirements and are less than the defect size stated [in 7.12 are
allowed to|remain in the pipe.

Repair by yelding is not permitted:-
Pipe contajning defects shall beitreated in one of the following ways.
a) Grindipg or machining

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

Other |defects shall be completely removed by grinding or machining, provided the remgining wall
thicknpssfis‘within the limits specified in Table A.18 or Table C.18. Generous radii shall e made to
preverit'dbrupt changes in wall thickness. The surface roughness after all local grinding orlrmachining
shall be equal or smoother than that obtainable with a number 36 abrasive disk according to ISO 525.
The remaining wall thickness shall be verified in accordance with 9.11.3 and shall be within the
specified limits. The manufacturer's documented prove-up procedures shall address the possibility that
there can be coincident defects in the affected area. After removal of the defect, the affected area shall
be reinspected by:

1) the same inspection unit at the same sensitivity that performed the initial inspection;

2) liquid-penetrant inspection according to ISO 10893-4 or ASTM E165 or for group 1, magnetic-
particle inspection according to ISO 10893-5 or ASTM E3024; or

3) another NDE method, or combination of methods, that demonstrates equal or greater sensitivity
than the original NDE.
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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.
c¢) Rejection
The pipe shall be rejected. All pipes containing quench cracks shall be rejected.
9.17.14 Dispusitiomrof toupting stockamd-accessory mrateriat comtaimng defects
Imperfectipns 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 permittedl. Coupling
stock and dccessory material containing defects shall be given one of the following dispesitions.
a) Grindipg or machining
Grindipg or machining of quench cracks or arc burns is not permitted.
Other defects shall be completely removed by grinding or machining)provided the remain{ng outside
diameter and wall thickness are within specified limits at the<time of enquiry and agreed on the
purchaser agreement. Grinding or machining shall be carried«ut’in such a way that the dijessed area
blends| smoothly into the contour of the coupling stock orvaccessory material. After rempval of the
defect) the outside diameter and wall thickness shall be measured in the dressed area for conformance
to spe¢ified limits. The affected area shall also be reinspéctted by:
1) the same inspection unit at the same sensitivity.that performed the initial inspection;
2) liquid-penetrant inspection according to, ISO 10893-4 or ASTM E165 or for group 1, magnetic
particle inspection according to ISO 10893=5 or ASTM E3024; or
3) anpther NDE method, or combinatjen of methods, that demonstrates sensitivity equal td or greater
than the original NDE.
When method 3) is used, the NDE method (or combination of methods) shall be documented and shall
demonstrate sensitivity equal(to or greater than the original NDE. In addition, method 3) shpll address
the pofsibility that there can'be other coincident defects in the affected area.
b) Marking the area of defect
If a defect is not réntoved from coupling stock or accessory material within acceptable limits, then the
area shall be marKed to indicate the presence of a defect.
The markingrshall consist of a paint band encircling the coupling stock or accessory material that covers
the enfire defect area if this area is equal to or less than 50 mm (2 in) in axial length, or bandq in a cross-
hatchedpatternif this-areais-greater than 50 mm-{(2-inHnlength-The band colo hall-be as agreed
between the purchaser and the manufacturer.
c¢) Cutoff
The section of coupling stock and accessory material containing the defect shall be cut off within the
limits of requirements on length of the product.
d) Rejection

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

All lengths of groups 2, 3 and 4 shall be inspected by PMI. For group 1, PMI can be performed by agreement
between the purchaser and the manufacturer. PMI shall be performed using a method in accordance with
ASTM E1476 or API RP 578 to validate that the inspected lengths correspond to the specified material

category. P

MI shall be based as a minimum on the detection of Cr, Ni and Mo.

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
maintained between PMI testing through final marking.

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

edure shall

The manu

reference standard(s) with at least two readings once every shift;

reference standards used for calibration orverification shall be documented;

describe, a
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10 Surface treatment
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5 a2 minimum:

tion step in which PMI testing is performed and how traceability is maintained be
and final marking;

d used for PMI testing and identification of the instrument used;

lity analysis of the method and instrument to differentiate (different material
hctured to this document and produced within the same mill,\based as a minim
on of Cr, Ni and Mo, individually or collectively;

b preparation if any; in case the PMI test generates arc busn.or other types of mark, thg
ered as defects and managed in accordance with 7.12;

ment verification method and frequency; the PMI equipment verification shall be pel

Hology used for the verification of the @omposition of the reference standard
ication and recording of the serial number of each reference standard is require
htion. Reference standards traceability’to international, national or manufacturer

s of training and qualification, of-personnel per test method and material category. /
g shall be made available to the'purchaser upon request.

nall be delivered with their internal surface pickled or grit blasted. Grit blasting shall
tainless.steel or aluminium oxide grit.

hstifigtlevel shall be in accordance with ISO 8501-1, Sa 2 .

tween PMI

categories

um on the

bse shall be

formed on

in which
d for each
-developed

\ record of

be carried

10.2 Groups 2, 3 and 4

All pipes shall be delivered with clean external and internal surfaces.

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

degreasing (for cold-hardened product);
washing in water;
pickling;

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

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 the purchaser and
the 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 Coldur-code identification
Each length shall be colour-coded as specified below:

— two bgnds for the identification of the material category, as given in Table A.26'or Table C.26

— one ba[|d for the identification of the grade of the material, as given in Table.A.27 or Table C.47.
ion, sequence and size are indicated in Figure B.7.

Bands local

Colour codf identification may be modified or eliminated if so specified on the purchase order.

11.3 Marking content and sequence

The paint pr ink stencilling and/or die stamping (see 11.1for die stamping only applying wheh specified
on the purfhase agreement) shall be placed on the surface of each length starting after the colpur coding.
Repeated marking along the product length is acceptable. The height of marking shall be 3s given in
Table A.25|or Table C.25.

Each length shall be marked in the following sequence:

a) manufpcturer's name or trademark;

b) reference to this document;

c¢) date of manufacture;

d) material category and grade;

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

f) for PSI-2 prodict, mark L2 and the UNS number; for product as specified in G.2, mark L2A gs specified
in G.3 and G.4;

g) heat nimber;

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

i) unique length identification;

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 length identification.
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The date of manufacture is defined for marking purposes as the first two digits representing the month and
the last two digits representing the year with a hyphen (dash) or slash in between (e.g. 04-21 or 04/21 for
April 2021).

11.4 Marking 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 [ﬂ 3 in) Pup joints should not he p;n'n'rpd on the entire surface, and colour h;mdinfr should be

consistent
(0.5 in).

Paint or in

material a

a) manuf]

b) reference to this document;

c¢) dateof
d) materi
e) ifagre
f) for PSI
in G.3
g) heatny
h) finishe

i) conne
j) length
k) testlof

1) additig

12 Surfajce protection — Group 1

12.1 Mill

with plain end colour banding, but with colour bands reduced to a maximum width

d should include the following information:

hcturer’s name or trademark;

manufacture;
al category and grade;
bd (see 7.2), the letters “TY” followed by the value.agreed to replace 34 MPa (5 ksi);

-2 product, mark L2 and the UNS number; fortproduct as specified in G.2, mark L2A 4
hind G.4;

imber;

d nominal size and mass (Label A and 2 of Table A.16 or Table C.16);

tion identification, if applicable;

number for mechanieal and other tests;

nal marking, as\agreed between the purchaser and the manufacturer.

bf 12,7 mm

k stencilling and/or die stamping (see 11.1 for die stamping only applying when specified on the
purchase 1greement) should be consistent with the marking on plain end pipe, coupling stock o1

[ AaCCessory

s specified

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

varnish shall be applied on the outside surface of the product to provide protect]

ion during

transport

LIULIL.

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.
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After drying the pipe, the ends shall be capped or the internal surface otherwise protected; however, the

caps shall i

nclude a vent hole to avoid condensation inside the product.

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
counterpay
between th

13.2 Retgd

dll BIBLLI UlliL L‘lde illtﬁl Lhdllgb |8 4 dllblllibbiUll b}ldl‘l ‘UC Icgdl L‘lUL‘l dd> thillg LhC SdlIIIC V
t printed in the certifier's facility. The content of the EDI-transmitted document shatl
e purchaser and the manufacturer and shall meet the requirements of this document.

ntion of records

Tests and inspections requiring retention of records are given in Table A.21 or-Table C.21. Test

record (se¢
purchaser

13.3 Test

The manuf
product w¢
that is sped
a) specifi
grade,

13.3) and calibration record shall be retained by the manufacturersand shall be avai
pn request for a period of five years after the date of purchase fromthe manufacturer.

certificates

acturer's certificate shall cite this document, the revisien date thereof, and the PSL tg
s manufactured. The manufacturer shall provide thefollowing data, as applicable, fo
ified on the purchase agreement:

ed label 1 and label 2 or specified outside diameter and specified wall thickness, grouj
UNS number (as applicable), melting practice and type of heat-treatment or colg
on and the number of lengths per heat and per test lot;

m tempering temperature allowed by the documented heat-treatment procedure for

minim}r
quenched and tempered product;

imber and test lot number;

al analyses (heat and product analysis) showing the mass fraction, expressed as a pef
nents whose limits ot reporting requirements are set in this document;

ta for all tensilé-tests required by this document, including yield strength, tensile st

elongation, togetherywith the orientation of specimens;

port shallyshow the nominal width of the test specimen when strip specimens ar¢
er and:-gauge length when round-bar specimens are used, or it shall state when f{
lens.are used.

plidity as a
be agreed

rertificates
able to the

which the
- each item

b, category,
I-hardened

each lot of

centage, of

rength and

b used, the
ull-section

b . 1o L 1 - 4] 1. £ 4] b 4o ade H 4] H 1 b |
LESTTTSUILS (HTILTUULLTE LT SAIIPIHITg ITTYUTTIL Y, LT LTSULTILTH I, LT S14T, TULALIULT d1TU

rientation

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

specimen location);

flattening test results;

condit

b)

c¢) heatn

d) chemi
all eler

e) testdg
The rdg
diame
specin

f) impac
document;

g)

h)

i)

hardness test results (including Rockwell hardness numbers and mean hardness numbers, criteria and

statement of conformance of microstructure, delta ferrite volume fraction, ferrite volume fraction, grain

size, representative photo micrographs, as applicable; for Group 2, report carbide or nitride precipitates
when observed;
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j)  pitting corrosion test results, where such testing is required by this document;

k) statement of conformance to visual inspection;

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) resultg of any testing or inspection required at the purchaser's option;

p) statenlent of conformance with the metallurgical and manufacturing requirementscof-the(ISO 15156

series

14 Handling, packaging and storage

14.1 Gen

Handling, j
storage re(

14.2 Han

The handli
of hooks o
ferrous me

14.3 Packaging

14.3.1 Ge|

Products
system. Co
between p
thick. Prec

Material u

14.3.2 1d¢

pr NACE MR0175 for PSL-2.

bral

packaging and storage shall be suitable for the grade and eotisistent with the transpo
juirements, and shall be specified in the purchase agreement.

dling

ng system shall be designed to avoid any type ‘of damage to the pipes during transg
" similar lifting equipment in the ends of pipes, and for materials in groups 2 to 4, c(
tallic materials, shall be prohibited.

neral

hall be packaged in suitable boxes or, by agreement, using another suitable trar
htact between produets.should be avoided by the use of plastic or other separators, wh
Foducts and wood@hould be avoided by the use of plastic film not less than 0,2 mm
hutions shall be taken in order to avoid the trapping of humidity under the plastic film

ed for packaging shall not cause iron contamination to the product.

pntification

"tation and

it. The use
ntact with

sportation
lile contact
(0.008 in)

Packaging

shiall'include the following minimum identification data:

a)
b)
<)
d)
e)
f)
g)

materi

manufacturer's name or mark;

type of product and reference to this document;

al category and grade;

PSL indication;
dimensions;
number of lengths;

gross mass;
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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.

Products shall be free of corrosion and corrosion products when delivered to the purchaser.

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

NOTE
can be nece

broup 1 materials are particularly prone to corrosion damage during storage and additional
Esary, such as avoiding water-absorbent materials (e.g. wood) in contact with the products.

precautions
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Annex A
(normative)

Tables in SI units

NOTE The numbers in the last row of the table headers indicate column numbers.
Table A.1 — Products manufacturing process, starting material, products forming
and-heat-treatmenteonditions————————
. . Products forming Heat-treatment or
Starting material conditions cold-hardened conditions $ymbal
1 2 3 4
. Hot finished Quenched and tempered QT
Ing og/rblllet — Hot-rolled/forged
or Solution-annealed SA
rolled/forged bar — Hot-extruded
. Cold-hardened? Cold-hardened CH
Ing Oto/rbIHEt — Cold drawing
S ; or Solutionzannealed SA
rolled/forged/machined bar| " Cold pilgering
Cold-hardened? Cold-hardened CH
Hot finfished hollow — Cold drawing
or Selution-annealed SA
— Cold pilgering

a  For cold

cross-sectio

-hardened products, the minimum total hot work reduction ratio shall be 3:1. Total hot work redud
defined as the product of the individual reduction ratios achieved at each step in the hot work operation from in
h to final hot work cross-section.

tion ratio is
rot or bloom

Table A.2 — Nominal analysis of corrosion-resistant alloy and material categories
Material Nominal analysis Grade PRENP
% mass fraction min.
Group Structure Category? C Cr Ni Mo N 65 80 95 110 | 125 14 number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Martensitic 13¢5-2 0,02 | 13 5 2 — N Y Y Y N N NA
1 i
Mafr tensitic/ 18410 |003| 13 | 05 | — |[o001| N Y Y Y N N NA
erritic
Duplex 22-5-3 0,02 | 22 5 3 018 | Y N N Y Y Y 35
austeniticj
ferritic 25-7-3 0,02 | 25 7 3 018 | Y Ne N Y Y Y 37,5
2
buperduplex 25-7-4 0,02 | 25 7 3,8 | 027 Y Nd Y Y Y 40
atistenitic/
Territic 26-0-3 00255 #75 275 17 N Y Y Y Y Y 40
27-31-4 | 0,02 | 27 31 3,5 — N N N Y Y Y NA
3 Austenitic 25323 | 002 | 25 | 32 3 — N N N Y Y Y NA
Fe base
22-35-4 | 0,03 | 22 | 355 | 45 — N N N Y Y N NA
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Table A.2 (continued)

Material N,;/:)n:ni;l:sl ?r g?tli);sris Grade P{‘;ﬁ?‘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
21-42-3 0,02 21 42 3 — N N N Y Y N NA
22-50-7 0,02 22 50 7 — N N N Y Y Y NA
A Austenitic 25-50-6 | 0,03 | 25 | 50 | 6 — | N N N Y Y Y NA
Ni base 20-54-9 0,01 20 54 9 Fe=17 N N N Y Y Y NA
22-52-11 0,02 21,5 52 11 — N N N Y Y N NA
15-60-16 0,01 15 60 16 W=4 N N N Y Y Y NA
Key

Y: generally ayailable

N: generally npt available
NA: not applidable

a Designation jof categories:

— 1stdig

it: nominal chromium content;

— 2nd digit: nominal nickel content;

— 3rd di
b PREN = % C1
Group 2 1
¢A75grade iy
dA90 gradei

it: nominal molybdenum content.
+3,3(%Mo+0,5%W)+16%N
hay contain tungsten.

available.

available.
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Table A.3 — Mechanical properties at room temperature

Yield Tensile Elongation Mean
] strength? strength? hardness
Material Delivery Ryo.2 R, eb number
condition MPa MPa % HRC
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
[3-1-0 95 HF or QT 655 758 724 ¢ 26
110 HF or QT 758 965 827 ¢ 32
65 SA 448 621 621 25 26
2.5.3 110 CH 758 965 862 11 36
i 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
75 SA 517 689 621 25 26
p5.7.3 110 CH 758 965 862 11 36
i 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
P5-7-4 110 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 1 034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
47-31-4 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
3 25-32-3 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
22-35-4 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
a  Seereqyirement in.Z.2for relationship between tensile and yield strength.
b ¢isthe pinimum-eléngation in 50 mm gauge length for strip specimens or in 4D or 5D for round bar specimens, pxpressed in
per cent.
oz
¢ e=194%
RO,9

where

m

Ais the 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?, or 490 mm?, whichever is smaller;

R, is the specified minimum tensile strength, expressed in megapascals.
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Table A.3 (continued)

Yield Tensile Elongation Mean
) strength? strength? hardness
Material Deli‘-]ery Rpo 5 Rm e b number

condition MPa MPa % HRC

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 11 35
25-50-6 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
4 110 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
2p-52-11 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38
110 CH 758 965 793 11 35
15-60-16 | 125 CH 862 1034 896 10 37
140 CH 965 1103 1000 9 38

a  Seereqy

b eisthe

per cent.

¢ e=1944

where

Aisthe
outs

AO,Z

R0,9

m

10 mm?, or 490 mm?, whichever is sniallér;

R, is thd

irement in 7.2 for relationship between tensile and yield strength.

specified minimum tensile gtrerigth, expressed in megapascals.

ross-sectional area of the tensile test specimen, expressed in square millimetres, based on the specifieg
de diameter or nominal specimen width and the specified wall thickness, rounded to the nearest

hinimum elongation in 50 mm gauge length for strip specimens or in 4D or 5D for round bar specimens, pxpressed in

Table A.4 — Allowable mean hardness number variation — All categories

Wall th;ckness Allowable mean hardness number varjation
mm expressed as HRC
> < Cold-hardened by pilger All others

1 3 4
= 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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Table A.5 — Acceptable size-impact specimens and absorbed-energy reduction factor

Test specimen size Spec1menmdr:1menswns Absorbed energy reduction factor
1 2 3
Full size 10,0 x 10,0 1,00
3%4-size 10,0 x 7,5 0,80
Y2-size 10,0 x 5,0 0,55
Table A.6 — Hierarchy of test specimen orientation and size
Choice Orientation Size
1 2 3
1st Transverse Full size
2nd Transverse %-size
3rd Transverse Ye=size
4th Longitudinal Full size?
5th Longitudinal %4-size?
6th Longitudinal Ya-sized
a  When transverse Charpy V-notch tests % size or greater are not possible for groups 2, 3 or 4, then flattening tests are
required.
Table A.7 — Transverse impact specimen size required
Calculated wall thickness required to machine
transverse-Charpy impact specimens
Ilabel 1 mm
Full size %4-size Y2-size
1 2 3 4
3-1% 20,53 18,03 15,53
4 19,09 16,59 14,09
4-Y 18,05 15,55 13,05
5 1726 14,76 12,26
5-% 16,64 14,14 11,64
6-%8 15,62 13,12 10,62
7 15,36 12,86 10,36
7-% 14,99 12,49 9,99
7-%% 14,92 12,42 9,92
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 This table 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
1.66 11,60 9,10 6,60
19 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 6,34
3-% 11,28 8,78 6,28
4 11,25 8,75 6,25
4-Y5 11,22 8,72 6,22
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-%s 11,13 8,63 6,13
7-%4 11,13 8,63 6,13
8-% 11,11 8,61 6,11
9-% 11,10 8,60 6,10
10-% 11,09 8,59 6,09
11-% 11,08 8,58 6,08
13-% 11,07 8,57 6,07

NOTE This table provides a 0,50 mm ID and a 0,50 mm OD machining allowance.
Table A9 — Transverse Charpyabsorbed-energy requirements with full-size test specimens for
coupling stock and accessory material, group 1
Maximum ecritical thickness for various grades? Minimum tran$verse ab-
mm sorbed enlergy

80 95 110 J

1 2 3 4

41,73 34,61 24,89 40

— — 25,77 41

a2 For wall thickness greater than shown in this table, the requirements shall be according to the formulae for the critical

thickness and grade.
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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
absorbed energy

mm
80 95 110 J
1 2 3 4
41,73 34,61 24,89 40
— — 25,77 41
a  For wall thickness greater than shown in this table, 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 sperimens
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 24
25,61 23,86 15,23 13,50 11,99 29
25,03 16,11 14,32 12,76 3(
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
20,59 18,42 16,60 35
21,38 19,24 17,37 36
22,26 20,06 18,14 37
o 23,14 20,88 1891 38
o 24,01 21,70 19,67 39
-~ 24,89 22,52 20,44 4(
25,77 23,34 21,21 47
24,16 21,98 47
24,98 22,75 43
25,80 23,52 44
N 24,28 43
— 25,05 44

a2 For wall thickness greater than shown in this table, 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 in this table, the requirements shall be according to the formulae for the wall thickness and grade.

Table A.13 — - imens for
pipe, group 1
Maximum specified wall thickness for various grades? Minimam-ongitudinal
mm absorbed epergy
80 95 110 J
1 2 3 4
51,50 41,73 34,61 40

a2 Wall thicknesses greater than standard pipe are shown here for information for special applications. For wall thicknesses

greater than shown in this table, the requirements shall be according to the formulae fof.the wall thickness and grade.

Table A.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? Minimum transverse
mm absorbed|energy
65 75 80 90 110 125 140 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
N B B N 24,23 20,50 35
25,21 21,38 36
— 26,19 22,26 37
23,14 38
24,01 39
N 24,89 40
25,77 41

a2 Wall thicknesses greater than standard pipe are shown here for information for special applications. For wall thicknesses
greater than shown in this table, the requirements shall be according to the formulae for the wall thickness and grade.

© IS0 2024 - All rights reserved

50



https://standardsiso.com/api/?name=753180905c59dba6c46cdc129556b51a

ISO 13680:2024(en)

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

specimens for group 2

Longitudinal absorbed energy Transverse absorbed energy
Test ten:perature ] ]
¢ 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 Alternative Linear
diameter thickness | diameter? | diameter® drift mass®
Label 1 Label 2 diameter lain end
D t d m
mm mm mm mm mmni kg/m
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 24,26 — 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-% 6.60 60,32 7,49 45,34 42,96 — 9,76
2-% 7.35 60,32 8,53 43,26 40,88 — 10,89
2-8 6,40 73,02 5,51 62,00 59,62 — 9,17
2-8 780 73,02 7,01 59,00 56,62 — 11,41
2-8 8.60 73,02 7,82 57,38 55,00 — 12,57
2-7g 9.35 73,02 8,64 55,74 53.36 — 13,72
2-"8 10.50 73,02 9,96 53,10 50,72 — 15,49
2-8 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
3-Y% 12.70 88,90 9,52 69,86 66,68 — 18,64
a d=D-2t

b

C

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.16 (continued)

Outside Wall Inside Drift Alternative 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-% 14.30 88,90 10,92 67,06 63,88 — 21,00
3-1% 15.50 88,90 12,09 64,72 61,54 — 22,90
3-14 17.00 88,90 13,46 61,98 58,80 — 25,04
4 9.50 101,60 5,74 90,12 86,94 — 13,57
4 10.70 101,60 6,65 88,30 85,12 — x| 15,57
4 13.20 101,60 8,38 84,84 81,66 — Y | 19,27
4 16.10 101,60 10,54 80,52 77,34 3 23,67
4 18.90 101,60 12,70 76,20 73,02 Ry 27,84
4 22.20 101,60 15,49 70,62 67,44 N — 32,89
4-%% 9.50 114,30 5,21 103,88 10070 -  — 14,02
4-1 10.50 114,30 5,69 102,92 99,74 N7 — 15,24
4-14 11.60 114,30 6,35 101,60 9842 — 16,91
4-1% 12.60 114,30 6,88 100,54 <9736 — 18,23
4- 13.50 114,30 7,37 99,56 = 96,38 — 19,44
4- 15.10 114,30 8,56 97,18°7| 94,00 — 22,32
4-1 17.00 114,30 9,65 95,00’ 91,82 — 24,90
4-1% 18.90 114,30 10,92 192,46 89,28 — 27,84
4-1 21.50 114,30 12,70 |7 8890 85,72 — 31,82
4- 23.70 114,30 14220 | 8586 82,68 — 35,10
4- 26.10 114,30 16,00 82,30 79,12 — 38,79
5 11.50 127,00 359 115,82 112,64 — 16,74
5 13.00 127,00 - 643 114,14 110,96 — 19,12
5 15.00 127000 7,52 111,96 108,78 — 22,16
5 18.00 127,0 9,19 108,62 105,44 — 26,70
5 21.40 (127,00 11,10 104,80 101,62 — 31,73
5 2330 _|5'127,00 12,14 102,72 99,54 — 34,39
5 24100 127,00 12,70 101,60 98,42 — 35,80
5-14 1 : 139,70 6,20 127,30 124,12 — 20,41
5-% _ 4550 139,70 6,98 125,74 122,56 — 22,85
5% | A V17.00 139,70 7,72 124,26 121,08 — 25,13
5-1 ] 2000 1'20,70 917 121 36 11R’1R — 29,52
5-14 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-% 32.60 139,70 15,88 107,94 104,76 — 48,49
5-% 35.30 139,70 17,45 104,80 101,62 — 52,61
5-1% 38.00 139,70 19,05 101,60 98,42 — 56,68
a d=D-2t

b

C

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.16 (continued)
Outside Wall Inside Drift Alternative 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
5-1% 40.50 139,70 20,62 96,46 95,28 — 60,55
5-14 43.10 139,70 22,22 95,26 92,08 — 64,38
6-% 20.00 168,28 7,32 153,64 150,46 — 29,06
6-% 24.00 168,28 8,94 150,40 147,22 — 35,13
6-% 28.00 168,28 10,59 147,10 143,92 — ] 4118
6-% 32.00 168,28 12,06 144,16 140,98 — Y | 4646
7 17.00 177,80 5,87 166,06 162,88 3 24,89
7 20.00 177,80 6,91 163,98 160,80 Ry 29,12
7 23.00 177,80 8,05 161,70 158,52 N158,75 33,70
7 26.00 177,80 9,19 159,42 156,24 D  — 38,21
7 29.00 177,80 10,36 157,08 153,90N" — 42,78
7 32.00 177,80 11,51 154,78 151,60 152,40 47,20
7 35.00 177,80 12,65 152,50 < 49,32 — 51,52
7 38.00 177,80 13,72 150,36 | © 147,18 — 55,52
7 42.70 177,80 15,88 146,047 | 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 — 74,58
7 53.60 177,80 20,62 ["7136,56 133,38 — 79,93
7 57.10 177,80 22,22.0| 133,36 130,18 — 85,25
7-5% 24.00 193,68 7,65 178,44 175,26 — 34,96
7-5% 26.40 193,68 (833 177,02 173,84 — 38,08
7-5% 29.70 193,68 4 - 9,52 174,64 171,46 — 43,24
7-5% 33.70 193,68 ) 1092 171,84 168,66 — 49,22
7-5% 39.00 193,68 12,70 168,28 165,10 — 56,68
7-5% 42.80 (19368 14,27 165,14 161,96 — 63,14
7-5% 4530 _|'193,68 15,11 163,46 160,28 — 66,54
7-5% 4710 0~ 193,68 15,88 161,92 158,74 — 69,63
7-5% 5 : 193,68 17,45 158,78 155,60 — 75,84
7% _55:30 193,68 19,05 155,58 152,40 — 82,04
7% | JA V4610 196,85 15,11 166,63 163,45 165,10 67,72
8-54 ] 24 00 219 Q8 671 70':.,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
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-% 49.00 219,08 14,15 190,78 187,60 — 71,51
a d=Dp-2t.

b

C

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.16 (continued)
Outside Wall Inside Drift Alternative 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
9-5% 32.30 244,48 792 228,64 224,67 — 46,20
9-% 36.00 244,48 8,94 226,60 222,63 — 51,93
9-% 40.00 244,48 10,03 224,42 220,45 222,25 57,99
9-% 43.50 244,48 11,05 222,38 218,41 — 63,61
9-5% 47.00 244,48 11,99 220,50 216,53 — nb‘ 68,75
9-5% 53.50 244,48 13,84 216,80 212,83 215,900Q v 78,72
9-% 58.40 244,48 15,11 214,26 210,29 21;&9’ v 85,47
9-% 59.40 244,48 15,47 213,54 209,57 A 87,37
9-% 64.90 244,48 17,07 210,34 206,37 '\*’— 95,73
9-5% 70.30 244,48 18,64 207,20 203,23 CS') — 103,82
9-% 75.60 244,48 20,24 204,00 200,0\3 - — 111,93
10-34 32.75 273,05 7,09 258,87 @490 — 46,50
10-34 40.50 273,05 8,89 255,27 Q§1,30 — 5791
10-34 45.50 273,05 10,16 252,73 ‘\\:( 248,76 250,82 65,87
10-34 51.10 273,05 11,43 250,}9\\) 246,22 — 73,75
10-34 55.50 273,05 12,57 ZW 243,94 244,48 80,75
10-34 60.70 273,05 13,84 = 5,37 241,40 — 88,47
10-34 65.70 273,05 15,11 \&\‘0242,83 238,86 — 96,12
10-34 73.20 273,05 17,07\0 238,91 234,94 — 107,76
10-34 79.20 273,05 }\ 235,77 231,80 — 116,95
10-34 85.30 273,05 @24 232,57 228,60 — 126,19
11-34 42.00 298,45 .ﬁ\. + 8,46 281,53 277,56 279,40 60,50
11-34 47.00 298,&5()\‘ 9,52 279,41 275,44 — 67,83
11-34 54.00 22&,%5) 11,05 276,35 272,38 — 78,32
11-34 60.00 ‘G?B,A-S 12,42 273,61 269,64 269,88 87,61
11-34 65.00 f\%\2'98,45 13,56 271,33 267,36 269,88 95,27
11-34 71.000}) 298,45 14,78 268,89 264,92 — 103,40
13-% 48007 339,72 8,38 322,96 318,99 — 68,48
13-% _ 5450 339,72 9,65 320,42 316,45 — 78,55
13- ,&\/gl.OO 339,72 10,92 317,88 31391 — 88,55
13-3% L1 6800 33972 1219 31534 31137 — 98,46
13-34 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 — Length requirements

Dimensions in metres

. Range 1P Range 2P Range 3P
Pipes for (R1) (R2) (R3)
1 2 3 4
. Total range length, inclusive 4,88 to 7,62 7,62 to 10,36 10,36 to 14,63

Casing and - — —
tubing Maximum permissible variation on 100 % of 152

each order item of 18 144 kg or more ’

. Lengthab 0,61; 0,91; 1,22; 1,83; 2,44; 3,05; 3,66

Pup joints

Tolerance +0,076

Coupling stockanmdaccessory nrateriat

By agreemnmemnt

a2 0,61 mgup joints may be furnished up to 0,91 m long by agreement between the manufacturer and the purchasg

b Lengthsother than those listed may be furnished by agreement between the manufacturer and the purchaser.

=

Table A.18 — Tolerances on dimensions and mass

Outside Tolerance for supply condition
diameter Outside diameter? Wall thickness MassP
mDm QT —SA CH QT —SA CH QT —SA CH
1 2 3 4 S 6 7
<114,3 +0,79 mm +0,79 mm 125 % 10 % tgg % J_'gg %
2114,3 Y05 % Y05 % “125 % ~10 % 5 % s %

a  Qut-of-rpundness is included in the D tolerance.

b The tolgrance is quoted for a single length. On each order itetmof 18 144 kg or more, the tolerance is -1,75 %.

Table A.19 — Standard drift mandrel dimensions

Dimensions inf millimetres

Outside diameter Drift mandrel size
Pipess for D minimum
> < Length Diameter
1 4 b

i — 219,08 152 d-B,18
Caging

219,08 — 305 d-B97

) — 73,03 1067 d-12,38
Tuling

73,03 — 1067 d-pB18

NOTE d is giyen.in Table A.16.
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Table A.20 — Alternative drift mandrel dimensions

Outside Wall Drift mandrel size Linear mass
Label 1 Label 2 diangeter thicl;ness minimum plain end
Length? Diameter m
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-%4 46.10 196,85 15,11 152 165,10 67,72
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-% 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
10-34 45.50 273,05 10,16 305 250,82 65,87
10-%4 55.50 273,05 12,57 305 244,48 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
13-34 72.00 339,72 13,06 305 311,15 105,21

a  For tubihg, minimum drift mandrel length shall be 1 067 mm.

Table A.21 — Type and frequency of testsfor non-upset and upset product

Type of test or requirements requ’il;-ees;:lents Eﬁg;?gg Test methods Requirements
1 2 3 4 5

Heat analygis md 1 per heat 9.3.2 7.1
Product |Non-remelted alloy md 2 per heat 9.3.2 7.1
analysis  |Remelted alloy md 1 per ingot 9.3.2 7.1
Chromium depletion test ode 1 per test lot¢ 9.3.3 9.3.3
Room-temperature tensile test md 1 per test lot¢ 9.5.2 7.2
Elevated-tgmperature tensile-test od 1 per test lot¢ 9.5.2 7.2
Hardness tgst md 1 series/test lot¢ 9.6.2 7.3
Impact or flattening test md 9.7.2 9.7.30r9.74.1 74,7b,7.6,7.7
Impact testjat low temperature oh 1 per test lot 9.8 7.8

Key

m: mandatory!

o: optional (an agreement is required)

a

b

C

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

For definition 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.

Itis required that data records be retained.

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

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

Option for group 2 only.
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Table A.21 (continued)
Type of test or requirements requ'ill"zsr;ents Eﬁg:éﬁg Test methods Requirements
1 2 3 4 5
Pitting corrosion test oh 1 per test lot 9.9 79.2
Microstructure examination md 1 per test lot¢ 9.10.2 7.10
Visual inspection m Each length 9.16 711,712,844
PMI m (of) Each length 9.18 9.18
Dimensional testing:
— Outside diameter m Eac}li?igf each 9.11.2 —Ta.?i? iiiél%nd
— Wall thjckness m Eachl(zr:%af each 9.11.3 q\'l)@bi%&nd
() "Table|A.16 and
— Drift tept m Each pipe 9.12 @(b Tabl¢ A.19 or
y\(b Table A.20
— Length md Each length 943 K Tablle A.17
— Straighfness m Each pipe , \C@ 8.3.3
N
— Mass m Each pipe /\{< O 9.15 Ta&ﬁ&nd
Non-destruyctive examination: Q\)
— UT for longitudinal defects md Each len‘g%\ i 9.179,9.17.10 r12
— UT for yransverse defects md Each ly}?ﬁl 9.179,9.17.10 r.12
— UT for laminar defects md Eqéh,\%‘;lgth 9.179,9.17.10 712
— UT for ¢blique defects ma . ﬁ%h length 9.17.10 AV
— UT for yvall thickness md ) Q\‘]@Jach length 9.11.4;9.17 712;8.1;8.3.1
— EMI odf ' Eachlength 9.179 p12
— MT of «.O' | Eachlength 9.17.9 ri2
— NDE of untested ends m Each length 9.17.5 y12
— NDE of upset ends ‘Qm’ Each upset length 9.17.6 r12
— Disposition of defects r\QU m Etaaigilr?g%ta};ecc?crsl- 9.17.13,9.17.14 712
\

Key
m: mandatofy
o: optional (
a2 Mandat

b For defi

ry for gr

2

n agreement i@ired)

2,3 and 4 PSL-2 only.

c Minimu

hition @st lot”, see 3.1.22. See Table A.22 for the maximum number of lengths in a test lot.
néé&l?eat.

d  Itisreq

¢ Option for groups 2, 3 and 4 only.

f Option for group 1 only.

A Aale o Joo dela P A
reaTTrat adata recorasoeTretacear

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

h QOption for group 2 only.
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Table A.22 — Maximum number of lengths per test lot

Number? of lengths for
Group Pipe Coupling stock and
accessory material
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 test lot may be added to one test lot per heat.

I'able A.Z5 — Artificial reference indicator

Acceptance Notch depth? Notch length Width Radially drilled
inspection level max. (max. at full depth) max. hele digmeter?
1 2 3 4 b
U2/R2/E2 5% 50 mm 1 mm 1,6 jmm

NOTE See Figure B.8.

a2 Depth af a percentage of specified wall thickness. The depth tolerance shall be +15 %"of'the calculated notch flepth with a

minimum ndtch depth of 0,3 mm #* 0,05 mm.

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

Table A.24 — Acceptance level

Group NDT meth- External imperfection Internal imperfection
od Longitudinal | Transverse Oblique Longitudinal | Transverse Dblique
1 2 3 4 5 6 7 8
uT U2 U2 — U2 U2 —
! m?g&i’é‘;b F2 or E2 F2 or E2 - — — -
2,3,4 uT U2 U2 U2a U2 U2 U2a
a2 For PSL{2 product only.
b For optipnal second method, see 9.179.

Table A.25 — Marking height

Dimensions in millimetres
D Minimum height of marking
Die stamping Paint or ink stencilling
1 2 3
=101,60 4 =8
>101,60 6 212
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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 nb‘
22-35-4 white and blue ~O"
21-42-3 yellow and yell,qQS v
22-50-7 yellow and p{@ge
25-50-6 yellowinﬁyg'geen
20-54-9 yellow.and blue
22-52-11 white and brown
15-60-16 (,y%‘?low and brown

Table A.27 — Colour co

Material grade

Q\
ding f m%gﬂ 1 grad
ing orK\} ial grade

Colour coding

[0.0)

1 N 2
65 Iy yellow
75 I blue
80 L, \Y red
90 \\(')V‘~ brown
95 (@) silver
110 N white
125 FQ\ orange
140 (\V green

&
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Table A.28 — PSL-2 product mechanical properties at room temperature

ISO 13680:2024(en)

Yield Tensile Elongation Mean
Material strength?a4d strength? hardness
identity UNS Grade Delivery Ryo,2 R, eb numberd
number condition MPa MPa % HRC
Group Category min. max. min. min. max.
1 2 3 4 5 6 7 8 9 10
80 QT 552 655 621 c 27
1 13-5-2 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
5 832750 | 110 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
25-7-4 832760 110 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
839274 1 11 CH 758 965 862 12 36
125 CH 862 1000 896 10 36
110 CH 758 965 793 11 33
p7-31-4 | N0B028 | 95 CH 862 | 1000 896 10 35
3 110 CH 758 965 793 11 33
p5-32-3 N08535 125 CH 862 1000 896 10 35
P2-35-4 N08135 110 CH 758 965 793 11 33
110 CH 758 965 793 11 35
p1-42-3 N08825 125 CH 862 1000 896 10 35
110 CH 758 965 793 11 35
p2-50-7 1 N06985 | )¢ CH 862 | 1034 896 10 37
110 CH 758 965 793 11 35
N06255 | 155 €H 862 | 1034 896 10 37
4 P5-50-6
N06975 110 CH 758 965 793 11 35
125 CH 862 1034 896 10 37
110 CH 758 965 793 11 35
DO- -
p0-54-9 | NO6950 | oo 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 See requirement in 7.2 for felation between tensile and yield strength.
b e is the mihimum elongation in 50 mm gauge length for strip specimens or in 4D or 5D for round bar specimens, expressed in per cent.
AO,Z
c e=1 944W
R

where

Ais 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?2, whichever is smaller;

R, is the specified minimum tensile strength, expressed in megapascals.

d Other values may be agreed between the purchaser and the 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 Delivery temperature J
number condition o
Group | Category C Average min. | Individual min.
1 2 3 4 5 6 7 8
95 QT -10 60 40
S41425 110 QT 10 60 40
95 QT -10 60 40
! 13-5-2 S41426 110 QT -10 60 40
55 QT =10 60 40
S41427 110 QT -10 60 40
$31803 65 SA -46 41 30
22-5-3
S32205 65 SA -46 41 30
S32550 80 SA -46 44 30
S32750 80 SA -46 41 30
2 S32760 80 SA -46 41 30
25-7-4 802 SA -46 41 30
85b SA -46 41 30
e

539277 85¢ SA -46 27 20
85d SA ~46 30 20

a  For bar
between the

b For bar

Hiameters up to 165,1 mm, inclusive.

diameters up to 165,1 mm, inclusive. Requirements for bar @iameters greater than 165,1 mm are by agreement
purchaser and the manufacturer.

¢ For bar fliameters greater than 165,1 mm up to 203,2 mm, inclusive.
d  For bar fliameters greater than 203,2 mm. Test location shall be 38,1 mm below surface.
e S39277 prade 85 also meets the requirements of grade 80 for bar diameters up to 165,1 mm, inclusive.
Taple A.33 — Microscopic cleanliness acceptance limits for bar or drilled bar, group 1
Severity
Inclusions? (maximum)
Heavy Thin

Type A (sulfide) 1,0 1,0
Type B (aluminium) 2,5 3,0
Type C (siligate) 2,0 2,0
Type D (glgbular) 2,0 2,0

a  Qther fq
either shall 1

atureS,ahomalies or gross defects noted by the inspector/metallurgist while reviewing the microetched material
esultin rejection, or shall be allowed a retest, or shall be brought to the attention of the purchaser for r¢solution.
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Annex B
(normative)

Figures in SI (USC) units

Dimensions in millimetres

1 2

/

<p,002 L
[~

L
Key
1  tautstifing or wire
2  pipe
Figure B.1 — Measuring full-length straightness
Dimensions in millimefres (inches)
3 1 2
s
x
*
\
1520 (60)
!
3
Key
straightedge used for measuring
pipe
hooked end

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

1O

0,3 (0.012)

4,8 (3/16)
VA Z

4

q%

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

1 indentation at mid-wall locatign
2 indentdtion at OD location

3  indentdtion at ID location

4 hardneps indentationdest block

Testing is rgquired infonly one quadrant. In this figure, hardness indents are shown in more than one quadrant only to
illustrate details.

a2 The oufer/and inner tests shall be taken between 2,54 mm (0.100 in) and 3,81 mm (0.150 in) from thle applicable
surface, asfollows:

— fort<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
2

a

ISO 13680:2024(en)

longitu

transveg

Outsidg

dinal test piece
rse test piece

Figure B.5 — Orientation of impact test pieces

<13,5 (0.53

=28 (1.1)

<13,5 (0.53

Dimensions in millimet

\*

20,5

diameter curvature.

Figure B.6 — D curvature allowance on impact test transverse test piece

© IS0 2024 - All rights reserved

68

res (inches)


https://standardsiso.com/api/?name=753180905c59dba6c46cdc129556b51a

ISO 13680:2024(en)

Dimensions in millimetres (inches)
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Figure B.9 — Gag straightening
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Annex C
(normative)

Tables in USC units

NOTE The numbers in the last row of the table headers indicate column numbers.

Table C.1 — Products manufacturing process, starting material, products forming
and-heat-treatmenteonditions————————

Startihe material Products forming Heat-treatment or $vmibdl
g conditions cold-hardened conditions ¥
1 2 3 4
. Hot finished Quenched and tempered QT
Ing og/rblllet — Hot-rolled/forged
or Solution-annealed SA
rolled/forged bar _ Hot-extruded
. Cold-hardened? Cold-hardened CH
Ing Oto/l})lllet — Cold drawing
S ; or Solutionzannealed SA
rolled/forged/machined bar| Cold pilgering
Cold-hardened? Cold-hardened CH
Hot finfished hollow — Cold drawing
or Selution-annealed SA
— Cold pilgering

a  For cold-hardened products, the minimum total hot work reduction ratio shall be 3:1. Total hot work redudtion ratio is
defined as the product of the individual reduction ratios achjeved at each step in the hot work operation from ingot or bloom
cross-section to final hot work cross-section.

Table C.2 — Nominal analysis of corrosion-resistant alloy and material categories
Material Nominal analysis Grade PRENP
% mass fraction min.
Group Btructure 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
Martensitic 13522 0,02 | 13 5 2 — N Y Y Y N N NA
1 i
M 0 tensitic/ 1341-0 003| 13 | 05 | — |00l | N Y Y Y N N NA
erritic
Duplex 22-5-3 0,02 | 22 5 3 018 | Y N N Y Y Y 35
dustenitic/
ferritie 25-7-3 0,02 | 25 7 3 018 | Y Ne N Y Y Y 37.5
2
Sper-duplex 25-7-4 0,02 | 25 7 38 | 027 | N Y Nd Y Y Y 40
qustenitic/
Territic 26-6-3 004255 4,75 275 17 N Y Y Y Y Y 40
27-31-4 0,02 | 27 31 3,5 — N N N Y Y Y NA
3 Austenitic 25-32-3 002 | 25 | 32 3 — N N N Y Y Y NA
Fe base
22-35-4 0,03 | 22 | 355 | 45 — N N N Y Y N NA
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Table C.2 (continued)

Material Nominal anal_ySIS Grade PRENbD
% 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
21-42-3 0,02 21 42 3 — N N Y NA
22-50-7 0,02 22 50 7 — N N Y Y Y NA
25-50-6 0,03 25 50 6 — N N Y NA
4 Austenitic Fe =
Ni base 20-54-9 0,01 | 20 54 9 17 N N N Y Y Y NA
22-52-11 0,02 21,5 52 11 — N N N Y Y N NA
15-60-16 | 0,01 | 15 60 6 | 7, N N N Y Y Y NA
Key
Y: generally ayailable
N: generally npt available

NA: not applidable

2 Designation
— 1stdi
— 2ndd
— 3rdd
b PREN = % Ci
Group 2 1
€A 75 grade ig
dA90gradei

available.
available.

of categories:
cit: nominal chromium content;
igit: nominal nickel content;

git: nominal molybdenum content.
+3,3(%Mo+0,5%W)+16%N
hay contain tungsten.
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Table C.3 — Mechanical properties at room temperature

Yield strength? Tensile Elongation Mean
Material . strength? hardness
Delcll\_/e_ry Ryo,2 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
1 110 HF or QT 110 140 115 ¢ 32
80 HF or QT 80 95 95 ¢ 23
5-1-0 95 HEFor Q1 95 110 105 ¢ 26
110 HF or QT 110 140 120 ¢ 32
65 SA 65 90 90 25 26
2.5.3 110 CH 110 140 125 11 36
I 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
75 SA 75 100 90 25 26
5.7.3 110 CH 110 140 125 11 36
T 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 CH 125 150 130 10 37
140 CH 140 160 145 9 38
110 CH 110 140 115 11 35
3 2}5-32-3 125 CH 125 150 130 10 37
140 €H 140 160 145 9 38
110 CH 110 140 115 11 35
2R-35-4 125 CH 125 150 130 10 37
140 CH 140 160 145 9 38
a  Seerequirement in 7.2for relation between tensile and yield strength.
b ¢is the minimum'elengation in 2.0 in gauge length for strip specimens or in 4D or 5D for round bar specimens, pxpressed in
per cent.
¢ e=625 "AO’Z
709
where

A is the 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 in2, or 0.75 in2, whichever is smaller;

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

73
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Table C.3 (continued)

Yield strength? Tensile Elongation Mean
Material . strength? hardness
Del(li\_/e_ry Ryo,2 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

21-42-3 1 455 CH 125 150 130 10 37

110 CH 110 140 115 11 35

22-50-7 125 CH 125 150 130 10 37

=0 CH =0 160 =5 9 38

110 CH 110 140 115 11 35

2b-50-6 125 CH 125 150 130 10 37

140 CH 140 160 145 9 38

4 110 CH 110 140 115 1@ 35
20-54-9 125 CH 125 150 130 10 37

140 CH 140 160 145 9 38

110 CH 110 140 115 11 35

2P-52-11 125 CH 125 150 130 10 37

140 CH 140 160 145 9 38

110 CH 110 140 115 11 35

1%-60-16 125 CH 125 150 130 10 37

140 CH 140 160 145 9 38

a  Seereqyirementin 7.2 for relation between tensile and yield strength,

b ¢isthe minimum elongation in 2.0 in gauge length for strip specimlens or in 4D or 5D for round bar specimens, pxpressed in

per cent.

02
© e=625000—
R

where

A is the ¢ross-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 thg nearest 0.01 inZ, or 0.75 inZ, whighéver is smaller;

R, is thq specified minimum tensile strength, expressed in pounds per square inch.

Table C.4 — AHowable mean hardness number variation — All categories

Wwall th;ckness Allowable mean hardness number varjation
in expressed as HRC

> < Cold-hardened by pilger All others
2 3 4
— 6-35% 3 3
0.354 0.500 4 3
0.500 0.750 5 4
0.750 1.000 6 5
1.000 — 6 6

© IS0 2024 - All rights reserved

74



https://standardsiso.com/api/?name=753180905c59dba6c46cdc129556b51a

ISO 13680:2024(en)

Table C.5 — Acceptable size impact specimens and absorbed-energy reduction factor

Test specimen size

Specimen dimensions

Absorbed energy reduction

mm factor
1 2 3
Full size 10,0 x 10,0 1.00
Y-size 10,0 x 7,5 0.80
15-size 10,0 x 5,0 0.55
Table C.6 — Hierarchy of test specimen orientation and size
Choice Orientation Size
1 2 3
1st Transverse Full size
2nd Transverse Yh-size
3rd Transverse Yo=size
4th Longitudinal Full size?
5th Longitudinal %4-size?
6th Longitudinal Ya-sized

a2 When transverse Charpy V-notch tests % size or greater are not possible for groups 2, 3 or 4, then flattening tests are

required.

Table C.7 — Transverse impact specimen size required

Calculated wall thickness required to machine
transverse-Charpy impact specimens
Ifabel 1 in
Full size %4-size 12-size

1 2 3 4
3-Y% 0.809 0.711 0.612

4 0.752 0.654 0.555
4- 0.712 0.614 0.515

5 0:681 0.583 0.484
5-% 0.656 0.558 0.459
6-% 0.616 0.518 0.419

7 0.606 0.508 0.409
7-%s 0.591 0.493 0.394
7-%% 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
11-3% 0.535 0.437 0.338
13-% 0.522 0.424 0.325

NOTE This table 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
1.66 0.458 0.360 0.261
1.9 0.455 0.357 0.258
.063 0.453 0.355 0.256
2-% 0.450 0.352 0.253
2-"8 0.448 0.350 0.251
3-% 0.445 0.347 0.248
4 0.444 0.346 0.247
4-1 0.443 0.345 0.246
5 0.442 0.344 0.245
5-% 0.441 0.343 0.244
6-% 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
8-% 0.439 0.341 0.242
9-% 0.438 0.340 0.241
10-% 0.438 0.340 0.241
11-%4 0.437 0.339 0.240
13-% 0.437 0.339 0.240
NOTE This tpble provides a 0.020 in ID and a 0.020 in OD machining allowance.
Table CP9 — Transverse Charpy absorbed-energy requirements with full-size test specimens for
coupling stock and accessory material, group 1
Maximum eritical thickness for various grades? Minimum trapsverse
in absorbed epergy
80 95 110 ft-lb
1 2 3 4
1.621 1.343 0.965 29
— — 1.012 30
a2 For wall thickness greater than shown in this table, the requirements shall be according to the formulae for the critical

thickness and grade.
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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?

m

Minimum longitudinal
absorbed energy

80 95 110 ft-1b
1 2 3 4
1.621 1.343 0.965 29
— — 1.012 30
a  For wall thickness greater than shown in this table, the requirements shall be according to the formulae for the wall thickness
and grade.
Table 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? Minjmum
in transverse
absorbed energy
65 75 80 and 90 110 125 140 fl-1b
1 2 3 4 5 6 7
1.077 0.927 0.863 0.542 0.478 0.421 v 0
0.993 0926 0.589 0.521 0.462 p1
1.059 0.988 0.636 0.565 0.504 p2
1.051 0.683 0.609 0.545 p3
0.730 0.653 0.586 4
0.777 0.697 0.627 b5
0.824 0.741 0.668 49
0.871 0.785 0.709 p7
— 0918 0.828 0.750 8
— 0.965 0.872 0.791 P9
a 1.012 0916 0.833 B0
0.960 0.874 81
1.004 0915 B2
— 0.956 B3
— 0.997 B4
1.038 B5
a  For wall/thickness greater than shown in this table, the requirements shall be according to the formulae for the will thickness
and grade.
Table C.12 = Transverse Charpy absorbed-energy requirements with full-size test specimens for
pipe, group 1

Maximum critical thickness for various grades?

in

Minimum transverse
absorbed energy

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

a2 For wall thicknesses greater than shown in this table, the requirements shall be according to the formulae for the wall

thickness and grade.
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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-1b
1 2 3 4
2.004 1.621 1.343 29

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

Table C.]14— - i i =Si imens for
pipe, groups 2, 3 and 4
Maximum specified wall thickness for various grades? Minimirm tfansverse
in absorbed|energy
65 75 80 90 110 125 140 ft-1b
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
0.921 0.777 25
- - - - 0973 0.824 26
1.026 0.871 27
D 0918 28
— 0.965 29
1.012 30
a  Wall thicknesses greater than standard pipe ‘aré shown here for information for special applications. For wall thickness
greater than shown in this table, the requirements.shall be according to the formulae for the wall thickness and grade.
Tabl¢ C.15 — Charpy absorbed-energy requirements at low temperature with full-sizp test
specimens for group 2
Longitudinal absorbed energy Transverse absorbed enérgy
Test temperature ft-1b ft-1b
F Average min. Individual min. Average min. Individual min.
1 2 3 4 b
-50 48 37 33 26
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Table C.16 — Specified dimensions and masses of pipe

Outside Wall Inside Drift ) Alternative I;Iilgizs‘:
. : . . :
Label 1 Label 2 dlangeter thlcktness dlantieter diameter di :;:ger plaizen d
mn m mn mn n lb/ft
1 2 3 4 5 6 7 8

1.050 1.14 1.050 0.113 0.824 0.730 — 113
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
1.315 219 1.315 0179 0957 0.863 — 2.17
1.660 2.09 1.660 0.125 1.410 1.316 — Al 205
1.660 2.30 1.660 0.140 1.380 1.286 — QO | 227
1.660 3.03 1.660 0.191 1.278 1.184 4 3.00
1.900 2.40 1.900 0.125 1.650 1.556 ~0° 2.37
1.900 2.75 1.900 0.145 1.610 1516 | N7 — 2.72
1.900 3.65 1.900 0.200 1.500 1406 -V — 3.63
1.900 4.42 1.900 0.250 1.400 1.306 — 441
1.900 5.15 1.900 0.300 1.300 1,206 — 5.13
2.063 3.24 2.063 0.156 1751 | 81657 — 3.18
2.063 4.50 2.063 0.225 1613 . 1519 — 4.42
2-% 4.00 2.375 0.167 20417 1947 — 3.94
2-% 4.60 2.375 0.190 1,995’ 1.901 — 4.44
2-% 5.80 2375 0.254 | 11867 1.773 — 5.76
2-% 6.60 2375 0295 [\ 1.785 1.691 — 6.56
2-% 7.35 2375 0.336xO| 1703 1.609 — 7.32
2-7% 6.40 2.875 0.: 2.441 2.347 — 6.17
2-7% 7.80 2.875 (0:276 2.323 2.229 — 7.67
2-7% 8.60 2.875 _ . © 0308 2.259 2.165 — 8.45
2-7% 9.35 2.875()7  0.340 2.195 2.101 — 9.21
2-7% 10.50 2,875/ 0.392 2.091 1.997 — 10.40
2-7% 11.50 (2,875 0.440 1.995 1.901 — 11.45
3-1 770 _1©9"3.500 0.216 3.068 2943 — 7.58
3-Y% 9.20 2-f  3.500 0.254 2.992 2.867 — 8.81
3-% 10200 |  3.500 0.289 2922 2.797 — 9.92
3-% 1270 3.500 0.375 2.750 2.625 — 12.53
3% | VAN 14.30 3.500 0.430 2.640 2.515 — 1411
3-1 2 15.50 3.500 0476 2548 2423 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

C

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 . Alternative Il‘lilr;z:
. . : a | :
Label 1 Label 2 dlan];eter thlcl;ness dlan;eter diameter ai :;:ger plaizen d
n m mn mn m lb/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 3.927 — 10.24
4-Y, 11.60 4.500 0.250 4.000 3.875 — 11.36
4, 12.60 4.500 0.271 3.958 3.833 — b 1225
4, 13.50 4.500 0.290 3.920 3.795 — O | 1305
4-% 15.10 4.500 0.337 3.826 3.701 R 15.00
4- 17.00 4.500 0.380 3.740 3.615 2 16.74
4-Y, 18.90 4.500 0.430 3.640 3.515 N — 18.71
4, 21.50 4.500 0.500 3.500 3.375 - — 21.38
4-% 23.70 4.500 0.560 3.380 3.255 N7 — 23.59
4-Y 26.10 4.500 0.630 3.240 3115 — 26.06
5 11.50 5.000 0.220 4560 | L2435 — 11.24
5 13.00 5.000 0.253 4494 o 4369 — 12.84
5 15.00 5.000 0.296 44087  4.283 — 14.88
5 18.00 5.000 0.362 4,276 4151 — 17.95
5 21.40 5.000 0437 | 4126 4.001 — 21.32
5 23.30 5.000 0478 [\ 4.044 3.919 — 23.11
5 24.10 5.000 0.500O |  4.000 3.875 — 24.05
5-% 14.00 5.500 0,244 5.012 4.887 — 13.71
5-% 15.50 5.500 (0:275 4.950 4.825 — 15.36
5-% 17.00 5.500 4. - 0.304 4.892 4.767 — 16.89
5-% 20.00 5.500()]  0.361 4.778 4.653 — 19.83
5-% 23.00 5,50¢ 0.415 4.670 4.545 — 22.56
5-% 2680 | (5500 0.500 4.500 4.375 — 26.73
5-% 29.70 _|C5"5.500 0.562 4.376 4.251 — 29.67
5-1 32.60  5.500 0.625 4.250 4125 — 32.57
5-1 35307 | 5500 0.687 4126 4.001 — 35.35
5-Y _88:00 5.500 0.750 4.000 3.875 — 38.08
5-% | JA.Y40.50 5.500 0.812 3.876 3.751 — 40.69
5-1% U 4310 5500 0875 3750 3625 — 43.26
6-% 20.00 6.625 0.288 6.049 5.924 — 19.51
6-% 24.00 6.625 0.352 5.921 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
@ d=D-2t

b

C

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 . Alternative Il‘lilr;z:
: . : o | )
Label 1 Label 2 dlan];eter thlcl;ness dlan;eter diameter ai :;:ger plaizen d

n mn mn n m lb/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 5.969 6.000 31.70
7 35.00 7.000 0.498 6.004 5.879 — ¥ 3461
7 38.00 7.000 0.540 5.920 5.795 — O | 3729
7 42.70 7.000 0.625 5.750 5.625 R 42.59
7 46.40 7.000 0.687 5.626 5.501 2 46.36
7 50.10 7.000 0.750 5.500 5375 | NT — 50.11
7 53.60 7.000 0.812 5.376 5.251 - — 53.71
7 57.10 7.000 0.875 5.250 5125 N7 — 57.29
7-% 24.00 7.625 0.300 7.025 6900 — 23.49
7% 26.40 7.625 0.328 6969 | -{6844 — 25.59
7% 29.70 7.625 0.375 6875 .° 6.750 — 29.06
7% 33.70 7.625 0.430 6.765 7] 6.640 — 33.07
7% 39.00 7.625 0.500 6,625 6.500 — 38.08
7% 42.80 7.625 0.562 | _16.501 6.376 — 42.43
7% 45.30 7.625 0.595 |\ 6.435 6.310 — 44.71
7-% 47.10 7.625 0.625xO |  6.375 6.250 — 46.77
7% 51.20 7.625 0.687- 6.251 6.126 — 50.95
7% 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
8-% 24.00 8.625( )] 0.264 8.097 7972 — 23.60
8-% 28.00 8,62¢ 0.304 8.017 7.892 — 27.04
8-% 32.00 | 8625 0.352 7921 7.796 7.875 31.13
8-% 36.00 _|C"8.625 0.400 7.825 7.700 — 35.17
8-% 40.000  8.625 0.450 7.725 7.600 7.625 39.33
8-% 44007 | 8625 0.500 7.625 7.500 — 43.43
8-% _49:00 8.625 0.557 7.511 7.386 — 48.04
9-5% | JA.32.30 9.625 0.312 9.001 8.845 — 31.06

£
9-54 36.00 9625 0352 8921 8765 — 34.89
9-% 40.00 9.625 0.395 8.835 8.679 8.750 38.97
9-% 43.50 9.625 0.435 8.755 8.599 — 42.73
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
@ d=D-2t.

b

C

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 Alternative Ir‘rill;izr
Label 1 Label 2 dlanl;eter thlcl;ness dlan;etera diameter? ai :;:ger plain end
in in in in in lbr;lft
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-%4 32.75 10.750 0.279 10.192 10.036 — 31.23
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 44.26
10-3%4 51.10 10.750 0.450 9.850 9.694 —< 49.55
10-% 55.50 10.750 0.495 9.760 9.604 9:625 54.26
10-%4 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
10-34 73.20 10.750 0.672 9.406 9.250 — 72.40
10-% 79.20 10.750 0.734 9.282 9.126 — 78.59
10-3%4 85.30 10.750 0.797 9.156 9.000 — 84.80
11-% 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 — 45.60
11-34 54.00 11.750 0.435 10:880 10.724 — 52.62
11-34 60.00 11.750 0.489 10.772 10.616 10.625 58.87
11-34 65.00 11.750 0.534 10.682 10.526 10.625 64.03
11-3%4 71.00 11.750 0.582 10.586 10.430 — 69.48
13-3%4 48.00 13.375 0.330 12.715 12.559 — 46.02
13-3% 54.50 13.375 0,380 12.615 12.459 — 52.79
13-3 61.00 13.375 0.430 12.515 12.359 — 59.50
13-3% 68.00 13.375 0.480 12.415 12.259 — 66.17
13-3%4 72.00 13.375 0.514 12.347 12.191 12.250 70.67
a  d=D-13t
b The drift diameter is equal fo@'minus a constant (see Table C.19).
¢ m=10,690 x (D - t) x ty{see’8.1.1 for the multiplication factors with regard to the groups.
Table C.17 — Length requirements
Dimensions in feet
Pipes for Romer —Ra(-"l-{g;f“ R (1;5333"
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 permissible variation on 100 % 50
of each order item of 40 000 Ib or more '
Pup joints Lengthab 2;3;4;6;8;10;12
Tolerance +0.25
Coupling stock and accessory material By agreement

a 2 ftpup joints may be furnished up to 3 ft long by agreement between the manufacturer and the purchaser.

b Lengths other than those listed may be furnished by agreement between the manufacturer and the purchaser.
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Table C.18 — Tolerances on dimensions and mass

Outside Tolerance for supply condition
dlanl;eter Outside diameter? Wall thickness Massb
in QT —SA CH QT —SA CH QT —SA CH
1 2 3 4 5 6 7
<4-% +0.031 in +0.031 in 125 % 5 % 2% 2%
24-%. fo5 % fo5 % “125 % _10 % s % 5 %
a  Qut-of-roundness is included in the D tolerance.
b The tOl dIItT ;D L‘uUth fUl d a;us}c }Cllst‘ll. Cll CC\L}I Ul C‘u:n ;tclll Uf_AIC CCC }‘IJ Ul 11TUT C, t}lC tU}Cl aliccT ;D 1,75 nU.
Table C.19 — Standard drift mandrel dimensions
Dimensijon in inches
Outside diameter Drift mandrel size
Pipes for D minimum
> < Length Diameter
3 4 b

) — 8-% 6 d-(.125
Caging

8-7% — 12 d-(.156

] — 2-78 42 d-(.094
Tuling

2-73 — 42 d-(Q.125

NOTE d is giyen in Table C.16.

Table C.20 — Alternativedrift mandrel dimensions

Outside Wall Drift mandrel size Lijear mass
Label 1 Label 2 dianll)eter thicl;ness minimum plain end
_ _ Length? Diameter m
in, in in in Ib/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-%4 46.10 7.750 0.595 6 6.500 45.51
8- 3200 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 3897
9-% 53.50 9.625 0.545 12 8.500 52.90
9-% 58.40 9.625 0.595 12 8.375 57.44
10-34 45.50 10.750 0.400 12 9.875 44.26
10-34 55.50 10.750 0.495 12 9.625 54.26
11-34 42.00 11.750 0.333 12 11.000 40.64
11-34 60.00 11.750 0.489 12 10.625 58.87
11-34 65.00 11.750 0.534 12 10.625 64.03
13-3 72.00 13.375 0.514 12 12.250 70.67

a2 For tubing, minimum drift mandrel length shall be 42 in.
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Table C.21 — Type and frequency of tests for non-upset and upset products

Type of test or requirements requ’ill‘"::sntlents E?:g:gﬂ;% 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 9.3.2 71
analysis |Remelted alloy md 1 per ingot 9.3.2 71
Chromium depletion test ode 1 per test lot¢ 9.3.3 9.3.3
Room-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 tést md 1 series/test lot¢ 9.6.2 7.3
Impact or flattening test md 9.7.2 9.7.30r9.74.1 X VLE, 7.6,7.7
Impact testjat low temperature oh 1 per test lot 9.8 (\‘.l/v 7.8
Pitting corfosion test oh 1 per test lot 9.9 (;.(\b\} 19.2
Microstrucfure examination md 1 pertestlot¢ 9.10. (bv V.10
Visual inspgction m Each length ,@ 711,(712,8.4
PMI m (of) Each length ¢ \\% 9.18
Dimensiongl testing: P o
— Outsidg diameter m Eachlir;(;to}f e\ac<}é 5< 9.11.2 Taﬁ%&nd
— Wall thjckness m Each 1?31:1(;;. @h 9.11.3 Ta%(;%&nd
N Table$ C15 and
— Drift tekt m @ch pipe 9.12 Tabl¢ C.19 or
’\\Q Tabjle C.20

— Length md N ,‘ Each length 9.13 Table C.17
— Straighfness m ’_\l,\ Each pipe 9.14 8.3.3
— Mass ) @)\\u Each pipe 9.15 Taﬁ%lznd
Non-destructive examination: A@ )
— UT for longitudinal defects —~p ) md Each length 9.17.9,9.17.10 r.12
— UT for yransverse defects md Each length 9.179,9.17.10 y12
— UT for laminar defects f\(Ov md Each length 9.179,9.17.10 vi12
— UT for ¢blique defectsAOO ma Each length 9.17.10 r12
— UT for yall thickne@éf~v md Each length 9.11.4;9.17 712;8.1;8.3.1
— EMI V\'O‘ odf Each length 9.17.9 12
Key
m: mandatoyy &?\

o: optional (an agreement is required)

a  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.
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Table C.21 (continued)

Type of test or requirements '_I‘est Frequgncg Test methods Requirements
requirements of testing
1 2 3 4 5
— MT of Each length 9.179 712
— NDE of untested ends mé8 Each length 9.17.5 712
— NDE of upset ends m Each upset length 9.17.6 712
— Disposition of defects m Each length con- 1 ¢ 1715 91714 712
taining defects

Key

m: mandatorfy
o: optional (#n agreement is required)
a  Mandatgry for groups 2, 3 and 4 PSL-2 only.

b For defipition 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 Itisreqyired that data records be retained.

¢ Option for groups 2, 3 and 4 only.

£ Option for group 1 only.

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

h QOption for group 2 only.

Table C.22 — Maximum number of]engths per test lot

Number? of lengths for
Group Pipe Coupling stock and
accessory materipl
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 test lot may be added to one test lof per heat.

Table C.23 — Artificial reference indicator

Acceptance Notch depth? Notch length Width Radially drilled
inspectjon level max. (max. at full depth) max. hole diagmeter?
1 2 3 4 b
U2/F2/E2 5 % 2.0 in 0.040 in 1/16 in
NOTE See Figtwre) B.8.

a2 Depth as a percentage 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.
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Table C.24 — Acceptance level

Group NDT External imperfection Internal imperfection
method | Longitudinal | Transverse Oblique Longitudinal | Transverse Oblique
1 2 3 4 5 6 7 8
uT U2 U2 — U2 U2 —
! rr?eetc}?:éib F2 or E2 F2 or E2 - — — -
2,3,4 UT U2 U2 yz2a U2 U2 y2a

a

b

For PSL-2 product only.

For optional second method, see 9.17.9.

Table C.25 — Marking height

DPimensigns in inches

Minimum height of marking

b Die stamping Paint er-ink stencilling
1 2 3
<4 0.157 >0.315
>4 0.236 20.472

Table C.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
21-423 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

15-60-16

vallow and hyaovarn
yerroWahaureoWw

Table C.27 — Colour co

ding for material grade

Material grade Colour coding
1 2
65 yellow
75 blue
80 red
90 brown
95 silver
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Table C.27 (continued)

Material grade Colour coding
1 2
110 white
125 orange
140 green

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

Material UNS Grade Delivery Yield Tensile | Elongation Mean
identity number condition strengtha4d strength? eb hardness
Rpo2 R, % numberd
ksi ksi HRC
Group | (ategory 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
65 SA 65 90 90 25 26
22-5-3 $31803 110 CH 110 140 125 11 36
125 CH 125 145 130 10 36
75 SA 75 100 90 25 26
25-7-3 S$31260 110 CH 110 14Q 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 36
80 SA 80 105 110 20 28
90 SA 90 105 115 20 30
2574 532760 110 CH 110 140 125 12 36
125 CH 125 145 130 10 36
80 SA 80 105 110 20 28
90 SA 90 105 115 20 30
839274 | {49 CH 110 | 140 125 12 36
125 CH 125 145 130 10 36
110 CH 110 140 115 11 33
p7-31-4 | N08028CH™ 155 CH 125 | 145 130 10 35
3 110 CH 110 140 115 11 33
P5-32-3 | NB8335 | o5 CH 125 | 145 130 10 35
p2-35-4 N08135 110 CH 110 140 115 11 33
a  Seereqyirementin'7.2 for relation between tensile and yield strength.
b ¢is the minimum elongation in 2.0 in gauge length for strip specimens or in 4D or 5D for round bar specimens, pxpressed in
per cent.

0,2
¢ e=625000——
R0

m
where

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,
rounded to the nearest 0.01 in2, or 0.75 in2, whichever is smaller;

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

d  Other values may be agreed between the purchaser and the 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? eb hardness
Ryo2 Ry % 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 | NOG9BS | 55 CH 125 | 150 130 10 37

110 CH 110 140 115 11 35

N06255 | 175 CH 125 | 150 130 10 37

P5-50-6

4 N06975 110 CH 110 140 115 11 35
125 CH 125 150 130 10 37

110 CH 110 140 115 11 35

P0-54-9 | N06950 | 15g 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

a  Seereqy

b eisthe}

per cent.

0,2

¢ e=625000——

where

0,9
m

irement in 7.2 for relation between tensile and yield strength.

Ais the cfoss-sectional area of the tensile test specimen, expressed in square inches, based on

specified outside diameter or nominal specimen width-and specified wall thickness,

roundged to the nearest 0.01 in?, or 0.75 in2, whichever is smaller;

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

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

minimum elongation in 2.0 in gauge length for strip specimens or in{4Dor 5D for round bar specimens,

expressed in
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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

M ial Longitudinal
i d;::t::ilta . Test absorbed energy
y UNS Grade Deln-/e_ry temperature ft-1b
number condition o
F . Individual
Group Category Average min. min
1 2 3 4 5 6 7 8
95 QT 14 44 29
541425 110 QT 14 44 29
1 o . 95 QT 14 44 29
15-5-4 DNEJ & YA 110 QT 14 44 29
95 QT 14 44 29
S41427 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
S$32750 80 SA -50 30 22
2 S32760 80 SA ~50 30 22
25-7-4 802 SA <50 30 22
85b SA -50 30 22
e
539277 85¢ SA -50 20 15
85d SA -50 22 15

a  For bar

purchaser aj

Hiameters up to 6.5 in, inclusive. Requirements for bar diameters greater than 6.5 in are by agreement petween the
nd the manufacturer.

b For bar fliameters up to 6.5 in, inclusive.
¢ For bar fliameters greater than 6.5 in up to 8 in, inclusive.
d  For bar fliameters greater than 8 in. Test location,shall'be 1.5 in below surface.
€ S39277 grade 85 also meets the requirements 0f grade 80 for bar diameters up to 6.5 in, inclusive.
Taple C.33 — Microscopic cleanliness acceptance limits for bar or drilled bar, group 1
Severity
Inclusions? (maximum)
Heavy Thin
Type A (sulfide) 1,0 1,0
Type B (aluminium) 2,5 3,0
Type C (siligate) 2,0 2,0
Type D (glgbular) 2,0 2,0

a  QOther fd

atures, 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.
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Annex D
(normative)

Purchaser inspection

D.1 Inspection notice

Where the_purchaser's inspector desires that the product be inspected or that the tests be witnessed,

reasonabld

notice of the time shall be given by the manufacturer.

D.2 Plant access

All inspect
the purcha
the works.

D.3 Con

The manuff

ions should be made at the place of manufacture prior to shipment, unless-otherwise s

se agreement, and shall be conducted so as not to interfere unnecessarily with the o

formance

acturer is responsible for conforming to all of the provisions of this document. The pur

pecified on
peration of

chaser may

make any investigation necessary to ensure conformance by the'manufacturer and may reject any material

that does n

ot conform to this document.

D.4 Rejection

Unless otH
acceptance
require thg
of this doc

lerwise provided, material showingxdefects on inspection or reinspection sub

at the manufacturer's works may e rejected, and the manufacturer so notified. I

ent shall be rejected. Treatment of rejected lengths shall be a matter of agreement b

m
manufactulllrer and the purchaser.

bequent to
' tests that

 destruction of material are carriédout, any length that is proven not to meet the requirements

ctween the
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Annex E
(normative)

Cleanliness requirements

E.1 General

This anne

specifies the periodical testing of cleanliness specific to meeting the requirements

£9.72 b.2)

and c.2, ii),

The manuf

E.2 Mad

The macro

pcturer shall have a written procedure, including test frequency, for each material-catg

etch test shall be performed for two discs representing the casting sequence for ingo

where cleanliness is used to reduce Charpy V-notch test frequency.

roetch quality

POOT'Y.

[ casting. If

continuouq casting is used, discs representing the first and last metal for the\tested strand shall He sampled.
Discs shall|be etched in accordance with ASTM E340 and the macroetch rating shall be in accorflance with
either ASTM E381 for conventionally melted materials or ASTM A604/A604M for remelted materials, and
shall conform to the requirements specified in Tables E.1 and E.2.
Table E.1 — Macroetch acceptance limits for conventionally melted materials
Type Severity
(maximum)
Class 1 (subsurface conditions) S-3
Class 2 (rarjdom conditions) R-3
Class 3 (cenjtre segregation) C-3
Table E.2 — Macreetch acceptance limits for remelted materials
Type Severity
(maximum)
Class 1 (frefckles) A
Class 2 (whiite spots) A
Class 3 (radial segregation) C
Class 4 (ring pattern) D
Other featjures, ‘anomalies or gross defects noted by the inspector/metallurgist while reviewing the

macroetch

ttention of

the purcha

pdanaterial shall either result in rejection, allowable retest or shall be brought to the 4

ser 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

Type A (sulfide) 2,5 2,5

Type B (aluminium) 2,5 3,0

Type C (siligate) 2,5 2,5

Type D (glgbular) 3,0 3,0

a  Other fdatures, anomalies or gross defects noted by the inspector/metallurgist while reviewing the microetched material
either shall fesult in rejection, or shall be allowed a retest, or shall be brought to the attentign of the purchaser for r¢solution.

If any sample fails to meet the requirements, the ingot or strands may,be’cut back and retestedl until it is
within the(specified limits. In addition, other suspect ingots or strands from the heat shall be evpluated for
acceptability. For continuous-cast steel, if the top of bottom blooniis rejected in total, then the material in
the adjacent bloom shall be tested for acceptability. If the sequengce of the blooms is not known ¢r the ends
(top or botfom) cannot be identified, then each end of each blooni'shall be tested for acceptability
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