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NR480, Sec 1

Section 1 General

Symbols

A5(%) : Elongation

AlSI : American Iron and Steel Institute

Ar3 : Temperature at which ferrite phase starts during cooling

ASSET test: Visual Assessment of Exfoliation Corrosion Susceptibility of 5xxx Series Aluminium Alloys
ASTM :  American Society for Testing and Materials

CET : Carbon equivalent

Ciq : Carbon equivalent

CR : Controlled Rolling

CTOD : Crack Tip Opening Displacement
CTS : Controlled Thermal Severity

GB/T : Chinese national standard

GCHAZ : Grain Coarsened Heat Affected Zone
HAZ : Heat Affected Zone

HV : Hardness Vickers

w . International Institute of Welding
ISO . International Standard Organisation
JIS :Japan Industrial Standard

Kea . Brittle crack arrest toughness value
KS : Korean Standard

KV : Charpy V energy

N : Normalised

NAMLT :  Nitric Acid Mass Loss Test

NDT  : Nil Ductility Temperature

NR : Normalised Rolling

Pcm  : Critical metal Parameter (Carbon equivalent)
PWHT : Post Weld Heat Treatment

QT : Quenched and Tempered

RA% : Reduction of area

Ren . VYield stress

R, : Tensile strength

™ : Thermo-mechanical Rolling

TM+AcC: Thermo-mechanical Rolling follow by Accelerated Cooling
TM+DQ: Thermo-mechanical Rolling with Direct Quenching follow by tempering

UNS  : Unified Numbering System.
1 General
11 Scope

1.1.1 This document gives the procedure to be followed to obtain the Society’s approval certificate of material for manufacturing
process of metallic products in accordance with NR216 Rules on Materials and Welding for the Classification of Marine Units.

Procedures for products and/or grades not explicitly included are subject to special examination by the Society.

1.2 Request for approval

1.2.1 The request for approval is to be submitted to the Society using the form obtained from BV office. In addition to the
preliminary information mentioned in [1.3] as applicable, manufacturing process specification related to the products is to be
submitted together with the request for approval.

G
Approval of the Manufacturing Process of Metallic Materials - NR480 Consolidated Edition July 2026
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NR480, Sec 1

1.3 Preliminary information to be submitted

1.3.1 Preliminary information to be submitted is to include:

a) Name and site address of the manufacturer, location of the workshops, general indications relevant to the background,
dimensions of the works, total annual production of finished products for marine applications and others as deemed useful.

b) Organization and quality:
¢ organizational chart
e total number of staff
¢ organization of the quality control department and qualification of personnel involved
¢ certification of compliance of the quality system with ISO 9001, ISO 9002 or equivalent, if any.
¢) Manufacturing facilities:
¢ flow chart of manufacturing process
e manufacturing equipments and capacities
e origin of raw materials
¢ storage of raw materials and finished products
e equipment for systematic control during manufacturing.
d) Details of inspections and quality control facilities:
¢ how are materials and components identified at the various manufacturing stages
¢ equipment for chemical analysis, metallography, mechanical tests and relevant calibration procedures
¢ equipment for non-destructive examinations
¢ list of quality control procedures.

e) Approval(s) already granted by other Classification Societies and relevant approval test reports as deemed useful.

1.4 Approval test program

1.4.1 Unless otherwise agreed, the manufacturer shall submit for review an approval test program.
Typical approval programs for the various products are given in the relevant articles.

The approval tests are in general to be witnessed by the Society’s surveyor at the manufacturer’s works. If the testing facilities are
not available at the manufacturer’s works, the tests are to be carried out at recognised laboratories accepted by the Society, and,
witnessed by the Society’s surveyor.

1.5 Certification

1.5.1 Approval certificate
Upon satisfactory completion of the procedure, an approval certificate will be issued by the Society.

The validity of the approval is to be a maximum of five years.

1.5.2 List of approval certificates

The approval certificates issued to manufacturers are entered in a list containing the scope and the main conditions of approval
available for consultation on the internet site “approvalexplorer.bureauveritas.com”.

1.6 Renewal of approval
1.6.1 The manufacturer shall apply for renewal of the approval certificate before the date of expiry. Renewal can be carried out

by an audit and assessment of survey results, if satisfactory, during the period.

Manufacturers who have not produced the approved products during the period between renewals will be required to carry out
approval tests or at the discretion of the Society, submit the results of production of similar products.

1.7 Reconsideration of the approval

1.7.1 During the period of validity, the approval may be reconsidered in the following cases:

a) in service failures, traceable to product quality

b) major non conformity during testing of the product or non conformity revealed during fabrication and construction
c) breakdown of the Manufacturer’s Quality System

d) changes brought by the Manufacturer, without preliminary agreement of the Society, to the extent of the approval defined at
the time of the approval.

Approval of the Manufacturing Process of Metallic Materials - NR480
Section 1

Consolidated Edition July 2026

9
VERITAS



NR480, Sec 1

1.8 Responsibilities of the manufacturer

1.8.1 The Manufacturer is fully responsible for the quality of the finished product and ensuring compliance with the specified
requirements, as checked on the specimens subjected to the approval tests.

The routine production of approved products shall be carried out according to the same procedures followed for the manufacture
of specimens submitted to approval tests.

The manufacturer shall give prior warning to the Society of any significant modifications to the manufacturing and control
procedures. The Society may at its discretion, require further tests and surveys deemed necessary to extend the approval to the
new manufacturing conditions.

The manufacturer shall keep up-to-date records covering the manufacture and quality control of the products; the records shall
contain details allowing the identification of the various productions, original materials, heat treatment and results of tests and
examinations carried out. The Society’s surveyor is to have easy access to these records as deemed necessary.

Approval of the Manufacturing Process of Metallic Materials - NR480 Consolidated Edition July 2026
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NR480, Sec 2

Section 2 Steelmaking and Rolled Steel Products

1

1.1

General

Scope

1.1.1 This Section gives the approval scheme for steelmaking and rolling products made in hull structural steel grades, extra high
strength steel grades, steel grades for boilers and pressure vessels, steel grades for low temperature applications, stainless steel
grades and chain cable steel grades.

1.2 Manufacturing process specification

1.2.1 The following information is to be supplied by the manufacturer for all steel grades except for stainless steel grades (refer
to Article [10]), and for high manganese austenitic steels (refer to Article [11])

a)

Approval of the Manufacturing Process of Metallic Materials - NR480
Section 2

Type of products (plates, sections, coils), grades of steel, range of thickness and aim material properties, as follows:

¢ range of chemical composition and aim analyses, including grain refining, micro alloying and residual elements, for the
various grades of steel; if the range of chemical composition depends on thickness and supply condition, the different
ranges are to be specified, as appropriate

® aim maximum carbon equivalent according to IW formula
¢ aim maximum Pcm content for higher strength grades with low carbon content c < 0,13%

e production statistics of the chemical composition and mechanical properties (ro;, Ry, A5(%) and KV). The statistics are
intended to demonstrate the capability to manufacture the steel products in accordance with the requirements.

Steelmaking:

¢ steelmaking process and capacity of furnace(s) or converter(s)
e raw material used

¢ deoxidation and alloying practice

¢ desulphurisation and vacuum degassing installations, if any.
Casting methods: ingot or continuous casting:

In the case of continuous casting, information relevant to type of casting machine, teeming practice, methods to prevent re-
oxidation, inclusions and segregation control, presence of electromagnetic stirring, soft reduction, etc., is to be provided as
appropriate:

¢ ingot or slab size and weight

¢ ingot or slab treatment: scarfing and discarding procedures.
Reheating and rolling:

¢ type of furnace and treatment parameters

¢ rolling: reduction ratio of slab/bloom/billet to finished product thickness, rolling and finishing temperatures
¢ descaling treatment during rolling

e capacity of the rolling stands.

Heat treatment:

e type of furnaces, heat treatment parameters and their relevant records
e accuracy and calibration of temperature control devices.
Programmed rolling:

For products delivered in the controlled rolling (CR) or thermo-mechanical rolling (TM) condition, the following additional
information on the programmed rolling schedules is to be given:

¢ description of the rolling process
¢ normalizing temperature, re-crystallization temperature and Ar3 temperature and the methods used to determine them

¢ control standards for typical rolling parameters used for the different thickness and grades of steel (temperature and
thickness at the beginning and at the end of the passes, interval between passes, reduction ratio, temperature range and
cooling speed of accelerated cooling, if any) and relevant method of control

¢ calibration of the control equipment.

Consolidated Edition July 2026
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g) Recommendations for working and welding in particular for products delivered in the CR or TM condition:
¢ cold and hot working recommendations if needed in addition to the normal practice used in the shipyards and workshops
¢ minimum and maximum heat input if different from the ones usually used in the shipyards and workshops (15 - 50 kj/cm).

h) Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

i) For the approval of the semi-finished products such as slabs, blooms and billets, the above information a), b) and c) is to be
given.

1.3 Documentation to be submitted for changing the approval conditions

1.3.1 The manufacturer has to submit to the Society the documention required in [1.2] together with the request of changing the
approval conditions, in the case of the following a) through e):

a) change of the manufacturing process (steel making, casting, rolling and heat treatment)

b) change of the maximum thickness (dimension)

c) change of the chemical composition, added element, etc

d) subcontracting the rolling, heat treatment, etc

e) use of the slabs, blooms and billets manufactured by other companies which are not approved.

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.4 Approval survey

1.4.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.5 Position of the test samples

1.5.1 The test samples are to be taken, unless otherwise agreed, from the product (plate, flat, section, bar) corresponding to the
top of the ingot, or, in the case of continuous casting, a random sample.

The position of the samples to be taken in the length of the rolled product, and the direction of the test specimens with respect
to the final direction of rolling of the material are indicated in the relevant table for the material.

The position of the samples in the width of the product is to be in compliance with NR216 Materials and Welding, Ch 3, Sec 1, [8].

1.6 Test specimens and testing procedure

1.6.1 The test specimens and testing procedures are to be in accordance with NR216 Materials and Welding, Chapter 2, unless
agreed otherwise.

In particular the following applies:
a) Tensile test:

¢ for plates made from hot rolled strip one additional tensile specimen is to be taken from the middle of the strip constituting
the coil

¢ for plates having thickness greater than 40 mm, when the capacity of the available testing machine is insufficient to allow
the use of test specimens of full thickness, multiple flat specimens, representing collectively the full thickness, can be
used. alternatively two round specimens with the axis located at one quarter and at mid-thickness can be taken.

b) Impact test:

¢ for plates made from hot rolled strip one additional set of impact specimens is to be taken from the middle of the strip
constituting the coil

¢ for plates having thickness greater than 40 mm one additional set of impact specimens is to be taken with the axis located
at mid-thickness

¢ in addition to the determination of the energy value (joule), the lateral expansion and the percentage crystallinity are to
be reported for each specimen.

c) Chemical composition:

In general the content of the following elements is to be checked: C, Mn, Si, P, S, Ni, Cr, Mo, Al, N, Nb, V, Cu, As, Sn, Ti
and, for steel manufactured from electric or open-hearth furnace, Sb and B. The material for the check analysis should be
taken from the tensile test specimen. Both the ladle and product analysis are to be reported.

Approval of the Manufacturing Process of Metallic Materials - NR480
Section 2
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d) Sulphur prints:
Sulphur prints are to be taken from plate edges which are perpendicular to the axis of the ingot or slab.

They are to be approximately 600 mm long taken from the centre of the edge selected, i.e. on the ingot centreline, and are
to include the full plate thickness.

e) Micrographic examination:

The micrographs are to be representative of the full thickness. For thick products in general at least three examinations are to
be made at surface, one quarter and mid-thickness of the product.

All photomicrographs are to be taken at x100 magnification and where ferrite grain size exceeds ASTM E112:2021 grain size 10,
additionally at x500 magnification. Where applicable, ferrite grain size should be determined for each photomicrograph.

f) Drop weight test:

When required the test is to be performed in accordance with ASTM E208:2019. The Nil Ductility Transition temperature
(NDT) is to be determined and photographs of the tested specimens are to be taken and enclosed with the test report.

The test results are to be in accordance, where applicable, with the requirements specified for the different steel grades in NR216
Materials and Welding, Chapter 3.

1.7 Other tests

1.7.1 Additional tests such as CTOD test, large scale brittle fracture tests (Double Tension test, ESSO test, Deep Notch test, etc)
or other tests may be required in the case of newly developed type of steel, outside the scope of NR216 Materials and Welding,
Ch 3, Sec 2, or when deemed necessary by the Society.

1.8 Results

1.8.1 All the results, which are to comply with the requirements of NR216 Materials and Welding, are evaluated for the approval;
depending on the results, particular limitations or testing conditions, as deemed appropriate, may be specified in the approval
document.

All the information required under [1.2], applicable to the products submitted to the tests, is to be collected by the manufacturer
and put in the technical documentation which will include all the results of the tests and operation records relevant to steel
making, casting, rolling and heat treatment of the test products.

2 Semi-finished products for hull structural steel grades

21 Scope

2.1.1 This Article specifies the scheme for the approval of the manufacturing process of semi-finished products such as ingots,
slabs, blooms and billets for the hull structural steels.

2.2 Selection of the test product

2.2.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
one test product with the maximum thickness and one test product with the minimum thickness to be approved are in general
to be selected for each kind of product (ingots, slabs, blooms/billets).

The selection of the casts for the test product is to be based on the typical chemical composition, with particular regard to the
specified Cyq or Pcm values and grain refining micro-alloying additions.

2.3 Extent of the approval tests

2.3.1 The extent of the test program is specified in [2.4]; it may be modified on the basis of the preliminary information submitted
by the manufacturer.

In particular a reduction of the indicated number of casts, product thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.

b) Grades of steel to be approved and availability of long-term statistic results of chemical properties and of mechanical tests
performed on rolled products.

c) Change of the approval conditions.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

Where the number of tests differs from those shown in [2.4], the program is to be confirmed by the Society before the tests are
carried out.
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NR480, Sec 2

2.4 Tests on semi-finished products

241 Type of tests

The tests to be carried out for the approval of the manufacturing process of semi-finished products are:

¢ chemical analysis. The analysis is to be complete and is to include micro-alloying elements

e sulphur prints.

In addition, for initial approval and for any upgrade of the approval, the Society will require full tests indicated in this section to
be performed at rolling mill on the minimum thickness semi-finished product.

In case of multi-caster work, full tests on finished products shall be carried out for one caster and reduced tests (chemical analysis
and sulphur print) for the others. The selection of the caster shall be based on the technical characteristics of the casters to be
evaluated on case-by-case basis. Tests are to be performed at rolling mill on products manufactured from the minimum thickness
semi-finished product.

3 Rolled products made in normal and higher strength steel for hull and other
structural applications

3.1 Scope

3.1.1 This Article gives the approval test program for the manufacture of normal and higher strength hull and structural steel
products in groups A, B, D, E and AH32, DH32, EH32, FH32, AH36, DH36, EH36, FH36, AH40, DH40, EH40 and FH40.

3.2 Selection of the test product

3.2.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
one test product with the maximum thickness (dimension) to be approved is in general to be selected for each kind of product.

In addition, for initial approval, the Society will require selection of one test product of average thickness.

The selection of the casts for the test product is to be based on the typical chemical composition, with particular regard to the
specified Cyq or Pcm values and grain refining micro-alloying additions.

3.3 Extent of the approval tests

3.3.1 The extent of the test program is specified in [3.4] and [3.5]; it may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction of the indicated number of casts, steel plate thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long-term statistic results of chemical and mechanical properties.

c) Approval for any grade of steel also covers approval for any lower grade in the same strength level, provided that the aim
analysis, method of manufacture and condition of supply are similar.

d) For higher tensile steels, approval of one strength level covers the approval of the strength level immediately below, provided
the steelmaking process, deoxidation and fine grain practice, casting method and condition of supply are the same.

e) Change of the approval conditions.
f) Approval of the semi-finished products such as slabs, blooms and billets.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

In case of multi-source slabs or changing of slab manufacturer, the rolled steel manufacturer is required to obtain the approval
of the manufacturing process of rolled steels using the slabs from each slab manufacturer and to conduct approval tests in
accordance with [3.4].

A reduction or complete suppression of the approval tests may considered by the Society taking into account previous approval
as follows:

¢ The rolled steel manufacturer has already been approved for the manufacturing process using other semi-finished products
characterized by the same thickness, steel grade, grain refining and micro-alloying elements, steelmaking and casting process

¢ The semi-finished products manufacturer has been approved for the complete manufacturing process with the same
conditions (steelmaking, casting, rolling and heat treatment) for the same steel types.

Where the number of tests differs from those shown in [3.4] and [3.5], the program is to be confirmed by the Society before the
tests are carried out.
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3.4 Tests on rolled products
3.4.1 The tests to be carried out are indicated in Tab 1.

Table 1 : Tests on rolled products

Position of the samples
Type of test and direction of Remarks
the test specimens (1)
Tensile test Top and bottom - Reti» R, A5(%), RA(%) are to be reported
transverse (2)
Tensile test (stress relieved) only for TM steels Top and bottom - Stres?, rellevmg at 600 C
transverse (2) (2 min/mm with minimum 1 hour)
A, B, AH32, AH36, AH40 +20 0 | =20
D, DH32, DH36, DH40 Top and bottom - Testing 0| —20 | -40
E, EH32, EH36, EH40 longitudinal emperature 0 | -20 | -40 = -60
Impact test (3) ’ ’ d 8 (0 - - -
on non aged FH32, FH36, FH40 20 | -40 | -60 | -80
specimens A, B, AH32, AH36, AH40 +20 0 | -20
for grades: D, DH32, DH36, DH40 Testing 0 | —20 @ 40
Top - transverse (4) temperature
E, EH32, EH36, EH40 ©Q): =20 -40 -60
FH32, FH36, FH40 -40 -60 -80
Impact test (3) AH32, AH36, AH40 Test +20 0 -20
on strain aged D, DH32, DH36, DH40 o esting 0 | —20 | —40
) Top - longitudinal temperature
specimens (5) E, EH32, EH36, EH40 C): -20 | —-40 | -60
for grades: FH32, FH36, FH40 40 | -60 | -80
Chemical composition (6) Top Complete analysis including micro alloying
elements
Sulphur prints Top
Micro examination Top
Grain size determination Top Only for fine grain steels
. Only for grades E, EH32, EH36, EH40, FH32,
Drop weight test (4) Top FH36, FHA40 - Determination of NDT
Through thickness tensile tests Top and bottom Oply for grades \A.“th improved through
thickness properties
(1)  For hot rolled strips, see [1.6].
(2) Longitudinal direction for sections and plates having width less than 600 mm.
(3) One set of 3 Charpy V-notch impact specimens is required for each impact test.
(4) Not required for sections and plates having width less than 600 mm.
(5) Deformation 5% + 1 hour at 250°C.
(6) Besides product analyses, ladle analyses are required.

3.5 Weldability tests

3.5.1 General
Weldability tests are required for plates and are to be carried out on samples of the thickest plate.

Tests are required for normal strength grade E and for higher strength steels.

3.5.2 Preparation and welding of the test assemblies
The following tests are in general required:

a) 1 butt weld test assembly welded with a heat input approximately 15 kjJ/cm
b) 1 butt weld test assembly welded with a heat input approximately 50 kJ/cm.

The butt weld test assemblies are to be prepared with the weld seam transverse to the plate rolling direction, so that impact
specimens will result in the longitudinal direction.

The bevel preparation should be preferably 1/2V or K.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the yards for the
type of steel in question.

The welding parameters including consumables designation and diameter, pre-heating temperatures, interpass temperatures,
heat input, number of passes, etc. are to be reported.
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Approval of the Manufacturing Process of Metallic Materials - NR480 Consolidated Edition July 2026
Section 2 7828
ection

15



NR480, Sec 2

1

3.5.3 Type of tests

From the test assemblies the following test specimens are to be taken:
a) One cross weld tensile test.

b) Asetof 3 Charpy V-notch impact specimens transverse to the weld with the notch located at the fusion line and at a distance
2, 5 and minimum 20 mm from the fusion line. The fusion boundary is to be identified by etching the specimens with a
suitable reagent. The test temperature is to be the one prescribed for the testing of the steel grade in question.

c) Hardness tests HV 5 across the weldment. The indentations are to be made along a 1 mm transverse line beneath the plate
surface on both the face side and the root side of the weld as follows:

¢ fusion line

e HAZ: at each 0,7 mm from fusion line into unaffected base material (6 to 7 minimum measurements for each HAZ)

¢ the maximum hardness value should not be higher than 350 HV.
A sketch of the weld joint depicting groove dimensions, number of passes, hardness indentations should be attached to the test
report together with photomacrographs of the weld cross section.
3.5.4 Other tests

Additional tests such as cold cracking tests (CTS, cruciform, implant, Tekken, bead on plate), CTOD, or other tests may be
required in the case of newly developed type of steel, outside the scope of NR216 Materials and Welding, Ch 3, Sec 2, or when
deemed necessary by the Society.

4 Rolled products made in structural steel for high heat input welding

4.1 Scope

4.1.1 The application for weldability confirmation scheme is optional for manufacturers. The weldability confirmation scheme
is intended to assess the weldability for high heat input welding under testing conditions.

This Article specifies the weldability confirmation scheme of:

¢ normal, higher strength hull structural steel stipulated in Article [3] intended for welding with high heat input over 50kJ/cm.

¢ extra high strength structural steel stipulated in Article [7] intended for welding with high heat input greater than 50 kJ/cm for
N/NR and TM, and 35 kJ/cm for QT steels.

Demonstration of conformance to the requirements of this document approves a particular steel mill to manufacture grade of
steel to the specific chemical composition range, melting practice, and processing practice for which conformance was
established. The approval scheme does not apply to qualification of welding procedures to be undertaken by the shipyards for
production welding where NR216, Ch12 is applicable.

4.2 Application of certification
4.2.1 The manufacturer is to submit to the Society, request of certification, proposed weldability test program (see [4.3.2]) and
technical documents relevant to:
a) Outline of steel plate to be certified
e grade
¢ thickness range
¢ deoxydation practice
¢ fine grain practice
¢ aim range of chemical composition
* aim maximum cgq and Pcm
¢ production statistics of mechanical properties tensile and charpy V-notch impact test, if any.

b) Manufacturing control points to prevent toughness deterioration in heat affected zone when welded with high heat input,
relevant to chemical elements, steelmaking, casting, rolling, heat treatment, etc.

c) Welding control points to improve joint properties on strength and toughness, if any.

d) Maximum heat input requested for the plate thickness tested.

Note 1: The requested heat input shall be stated in an increment of 10 kl/cm, but not less than 60 k)/cm, e.g. requested maximum heat input of
100 k)/cm at 60mm plate thickness.
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4.3 Confirmation tests

4.3.1 Range of certification
Range of certification for steel grades is to be the following a) through f) unless otherwise agreed by the Society:

a) Approval tests on the highest toughness grades cover the lower toughness grades.

b) For normal strength steels, approval tests on normal strength cover that strength level only.

c) For higher strength steels, approval tests on one strength level cover strength level immediately below.

d) For extra high strength, approval tests on one strength cover that strength level only.

e) The approval will be based on the maximum tested heat input level and the maximum plate thickness tested.

f) Certification and documentation of confirmation tests performed by other Classification Societies may be accepted at the

discretion of the Society.

4.3.2 Weldability test program

Extent of the test program is specified in [4.3.5] but it may be modified according to the content of certification. In particular,
additional test assemblies and/or test items may be required in the case of newly developed type of steel, welding consumable
and welding method, or when deemed necessary by the Society.

Where the content of tests differs from those specified in [4.3.5], the program is to be confirmed by the Society before the tests
are carried out.

4.3.3 Condition of test
a) Steel plate

The selected plate is to be manufactured by a process approved by the Society in accordance with the requirements of Article [3]
for normal, higher strength hull structural steel and Article [7] for extra high strength structural steel.

For normal and higher strength hull structural steels, small changes in manufacturing processing (e.g. within the TMCP
process) may be considered for acceptance without testing, at the discretion of the Society.

b) Heat input

For each manufacturing process route, one test plate is required, to represent the maximum heat input level applied on the
maximum plate thickness requested for approval.

For normal and higher strength hull structural steel, the heat input value is not to be less than 60 kj/cm expressed in an
increment of 10 kJ/cm.

For extra high strength structural steel, the heat input value is not to be less than 60 k)/cm expressed in an increment of 10
kJ/cm for N/NR and TM steels and not to be less than 40 kl/cm expressed in an increment of 5 kl/cm for QT, steels.

The approval for the thickness of plate tested at the specified heat input level does not imply suitability for thinner plates at
the same heat input level, where lower heat inputs may be required.

4.3.4 Test assembly

One butt weld assembly welded with heat input over 50k}/cm is to be generally prepared with the weld axis transverse to the
plate rolling direction.

Dimensions of the test assembly are to be amply sufficient to take all the required test specimens specified in [4.3.5].

The welding procedures should be as far as possible in accordance with the normal practices applied at shipyards for the test
plate concerned.

Welding process, welding position, welding consumable (manufacturer, brand, grade, diameter and shield gas) and welding
parameters including bevel preparation, heat input, preheating temperatures, interpass temperatures, number of passes, etc. are
to be reported.

4.3.5 Examinations and tests for the test assembly
The test assembly is to be examined and tested in accordance with the following a) through h) unless otherwise agreed by the Society:

a) Visual examination: Overall welded surface is to be uniform and free from injurious defects such as cracks, undercuts,
overlaps, etc.

b) Macroscopic test: One macroscopic photograph is to be representative of transverse section of the welded joint and is to
show absence of cracks, lack of penetration, lack of fusion and other injurious defects.

c) Microscopic test: Along mid-thickness line across transverse section of the weld, one micrograph with x100 magnification is
to be taken at each position of the weld metal centreline, fusion line and at a distance 2, 5, 10 and minimum 20 mm from
the fusion line. The test result is provided for information purpose only.

d) Hardness test: Along two line across transverse weld section 1T mm beneath plate surface on both face and root side of the
weld, indentations by HV 5 are to be made at weld metal centreline, fusion line and each 0,7 mm from fusion line to
unaffected base metal (minimum 6 to 7 measurements for each heat affected zone).

The maximum hardness value should not be higher than 350 HV.
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e) Transverse tensile test: Two transverse (cross weld) tensile specimens are to be taken from the test assembly. Test specimens
and testing procedures are to comply with the requirements of NR216 Materials and Welding, Chapter 2.

The tensile strength is to be not less than the minimum required value for the grade of base metal.

f) Bend test: Two transverse (cross weld) test specimens are to be taken from the test assembly and bent on a mandrel with
diameter of quadruple specimen thickness. Bending angle is to at least 120°. Test specimens are to comply with the
requirements of NR216 Materials and Welding, Chapter 2.

For plate thickness up to 20 mm, one face-bend and one root-bend specimens or two side-bend specimens are to be taken.
After testing, the test specimens shall not reveal any crack nor other open defect in any direction greater than 3 mm.

g) Impact test: Charpy V-notch impact specimens (three specimens for one set) are to be taken within 2 mm below plate surface
on face side of the weld with the notch perpendicular to the plate surface.

One set of the specimens transverse to the weld is to be taken with the notch located at the fusion line and at distance 2,5
and minimum 20 mm from the fusion line. The fusion boundary is to be identified by etching the specimens with a suitable
reagent. The test temperature is to be the one prescribed for the testing of the steel grade in question.

For steel plate with thickness greater than 50 mm or one side welding for plate thickness greater than 20 mm, for cases of
heat input > 200 kJ/cm, then an additional test is to be taken at 10 mm from fusion line. One additional set of the specimens
is to be taken from the root side of the weld with the notch located at each the same position as for the face side.

The average impact energy at the specified test temperature is to comply with NR216 Materials and Welding, Ch 3, Sec 2,
Tab 4 and Ch 3, Sec 2, Tab 7 depending on the steel grade and thickness.

h) Other test: Additional tests such as wide-width tensile test, HAZ tensile test, cold cracking tests (CTS, Cruciform, Implant,
Tekken and Bead-on plate), CTOD or other tests should be required at the discretion of the Society (see [4.3.2]).

4.4 Grade designation

4.4.1 Upon issuance of the certificate, the notation indicating the value of heat input applied in the confirmation test may be
added to the grade designation on the test plate, e.g. “EH36-W300” (in the case of heat input 300kj/cm applied). The value of
this notation is not to be less than 50 and every 10 added.

5 Rolled products made in normal and higher strength corrosion resistant steel for
cargo oil tanks

5.1 Scope
5.1.1 This Article gives the scheme for the approval of the manufacturing process of normal and higher strength corrosion
resistant steel products for cargo oil tanks.

The requirements of this Article are intended as a supplement to the requirements of Article [3], which specifies the test program
for the manufacture of normal and higher strength hull and structural steel products.

5.2 Manufacturing process specification

5.2.1 In addition to the information mentioned in [1.2], the following information is to be submitted:
a) Corrosion test plan and details of equipment and test environments
b) Technical data related to the product assessment criteria for confirming corrosion resistance

¢) The technical background explaining how the variation in added and controlled elements improves corrosion resistance. The
manufacturer will establish a relationship of all the chemical elements which affect the corrosion resistance, the chemical
elements added or controlled to achieve this are to be specifically verified for acceptance. Verification is to be based on the
ladle analysis of the steel

d) The grades, the corrosion designation and maximum thickness of corrosion resistant steel to be approved

e) The welding processes and the brand name of the welding consumables to be used for approval.

5.3 Test program

5.3.1 General
The extent of approval is to be as per [3.3] with the addition of corrosion test plan.

5.3.2 Corrosion test plan

The corrosion test plan is to be submitted by the manufacturer for review. If the test program is found satisfactory by the Society,
it will be approved and returned to the manufacturer for acceptance prior to tests being carried out. Tests that need to be
witnessed by the Surveyor will be identified.
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The number of test samples is to be in accordance with the requirements of Appendix of the Annex to IMO MSC.289 (87)
“Performance Standard for Alternative Means of Corrosion Protection for Cargo Oil Tanks of Crude Oil Tankers”.

The number of casts and test samples selected are to be sufficient to make it possible to confirm the validity of interaction effects
and/or the control range (upper limit, lower limit) of the elements which are added or intentionally controlled, for improving the
corrosion resistance. Where agreed, this may be supported with data submitted by the manufacturer.

5.4 Corrosion tests

5.4.1 The corrosion tests are to be carried out in accordance with the approved test plan as per [5.3.2] and the corrosion testing
procedure given in Appendix of the Annex to IMO MSC.289 (87) “Performance Standard for Alternative Means of Corrosion
Protection for Cargo Oil Tanks of Crude Oil Tankers”.

5.4.2 The Interpretation given in IACS Ul SC258 on Test Procedures for Qualification of Corrosion Resistant Steel for Cargo Tanks
in Crude Oil Tankers is to be applied.

6 Rolled products made in EH47 and crack arrest steels for container carriers

6.1 Scope

6.1.1 This Article gives the approval test program for the manufacture of steel products made of grades EH47, EH36CAS1,
EH36CAS2, FH36CAST, FH36CAS2, EH40CAS1, EH40CAS2, FH40CAST, FH40CAS2, EH47CAS1 and EH47CAS2.

6.2 Manufacturing process specification

6.2.1 In addition to the information mentioned in [1.2], the following information is to be submitted for crack arrest steels:
a) in-house test reports of the crack arrest properties of the steels intended for approval
b) approval test program for the crack arrest properties

c) production test procedure for the crack arrest properties.

6.3 Selection of the test product

6.3.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
one test product representing the maximum thickness (dimension) to be approved is to be selected for each kind of product.

If the target chemical composition for the grade changes with the thickness, the maximum thickness for each specification of
chemical composition is to be tested.

In addition, for initial approval, the Society will require selection of one test product of average thickness.

The selection of the casts for the test product is to be based on the typical chemical composition, with particular regard to the
specified Cgq or Pcm values and grain refining micro alloying additions.

6.4 Extent of the approval tests

6.4.1 The extent of the test program is specified in [6.5] and [6.7]. It may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction of the indicated number of casts, steel plate thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society, taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

c) Approval for any grade of crack arrest steel also covers approval for any lower grade in the same strength level, provided that
the aim analysis, method of manufacture, mechanism to ensure the crack arrest properties and condition of supply are similar.

d) For crack arrest steels, approval of one strength level covers the approval of the strength level immediately below, provided
the steelmaking process, deoxidation and fine grain practice, casting method, condition of supply and mechanism to ensure
the crack arrest properties are same.

e) Change of the approval conditions.
f) Approval of the semi-finished products such as slabs, blooms and billets.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

Where the number of tests differs from those shown in [6.5] and [6.7], the program is to be confirmed by the Society before the
tests are carried out.

6.5 Tests on rolled products

6.5.1 The tests to be carried out are indicated in Tab 2.
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6.6 Crack arrest properties

6.6.1 Crack arrest properties for crack arrest steels are to be verified by either the crack arrest toughness K , or Crack Arrest

Temperature CAT.

6.6.2 The loading direction of crack arrest tests is to be parallel to the final rolling direction of the test plate

The thickness of the test specimens of the crack arrest tests is to be the full thickness of the test plate.

The test specimens and repeat test specimens are to be taken from the same steel plate. Where the crack arrest properties are

evaluated by K_,, and the crack arrest test result fails to meet the requirement, further crack arrest tests may be carried out. In this
case, the judgment of acceptance is to be made on the arrest toughness value K, of all test specimens (results of the initial test,
failed tests and additional tests are to be included in the testing report).

The evaluation of K, is to be in accordance to App 1.

Table 2 : Tests on rolled products

Type of test

Position of the samples
and direction of
the test specimen

Remarks

Tensile test

Top and bottom -
transverse (1)

Renis R, A5(%), RA(%) are to be reported

Tensile test (stress relieved) only for TM steels

Top and bottom -
transverse (1)

Stress relieving at 600°C
(2 min/mm with minimum 1 hour)

Impact test (2)
on non aged
specimens for
grades

EH36CAS1, EH36CAS2, EH40CAST,

EH40CAS2, EH47, EH47CAST,EH47CAS2 | Top and bottom - :eenit;rﬁature 0| 20| 0| 0
FH36CAS1,FH36CAS2, FH40CAST, longitudinal o

FH40CAS2 Q) —20 | -40 | 60 | 80
EH36CAST, EH36CAS2, EH40CAST,

EH40CAS2, EH47, EH47CAS1, Testing -20 | —40 | —60
EH47CAS2 Top - transverse (3) temperature

FH36CAS, FH36CAS2, FH40CAST, °C)

FH40CAS2

Impact test (2)
on strain aged
specimens (4)
for grades

EH36CAS1, EH36CAS2, EH40CAST,
EH40CAS2, EH47, EH47CAST,
EH47CAS2

FH36CAST, FH36CAS2, FH40CAST,
FH40CAS2

Top - longitudinal

Testing 20 | -40 | -60
temperature
(°C)

-40 | -60 | -80

Complete analysis including micro

Chemical composition (5) Top alloying elements
Sulphur prints Top

Micro examination Top

Grain size determination Top

Drop weight test (3) Top Determination of NDT

Through thickness tensile tests

Top and bottom

Only for grades with improved through
thickness properties

Brittle fracture initiation test

Top

Deep notch test or CTOD test as per
recognized standard

Crack arrest test

Top - longitudinal

Except for grade EH47.
Crack arrest properties evaluated by K, or
CAT

(1) Longitudinal direction for plates having width less than 600 mm.

(2) One set of 3 Charpy V-notch impact specimens is required for each impact test.
(3) Not required for plates having width less than 600 mm.

(4) Deformation 5% + 1 hour at 250°C.

(5) Besides product analysis, ladle analyses are required.

6.6.3 In the case where the crack arrest properties are evaluated by K, the test procedures including testing equipment, test
specimens, test methods, determination of arrest toughness at a specific temperature, reporting of test results, etc. are to be in
accordance with ISO 20064:2019. This standard provides a test method for the determination of crack arrest toughness of steel by
using wide plates with a temperature gradient. The method is applicable to thickness over 50 mm and not greater than 100 mm.
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As a method for initiating a brittle crack, a secondary loading mechanism can be used in accordance with Annex D of 1ISO
20064:2019 except that the first sentence in Annex B2.4 of ISO 20064:2019 is revised to “Obtain the value K_/[KO*exp(-c/TK,,)]
for each data point”.

The method for conducting multiple tests to obtain K., value at a specific temperature is to be in accordance with Annex B of
I1SO 20064:2019.

6.6.4 In the case where the crack arrest properties are evaluated by CAT, the test method is to be in accordance with Appendix 2.

6.6.5 Where small-scale tests are intended to be used for production testing, these test methods are to be approved by the Society
in accordance with App 3.

6.7 Weldability tests

6.7.1 General
Weldability tests are required for plates and are to be carried out on samples of the thickest plate.

6.7.2 Preparation and welding of the test assemblies

The following tests are in general required:

a) 1 butt weld test assembly welded with a heat input approximately 15 kjJ/cm
b) 1 butt weld test assembly welded with a heat input approximately 50 kj/cm.

The butt weld test assemblies are to be prepared with the weld seam transverse to the plate rolling direction, so that impact
specimens will result in the longitudinal direction.

The bevel preparation should be preferably 1/2V or K.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the yards for the
type of steel in question.

The welding parameters including consumables designation and diameter, pre-heating temperatures, interpass temperatures,
heat input, number of passes, etc. are to be reported.

6.7.3 Type of tests
From the test assemblies the following test specimens are to be taken:
a) One cross weld tensile test

b) Asetof 3 Charpy V-notch impact specimens transverse to the weld with the notch located at the fusion line and at a distance
2, 5 and minimum 20 mm from the fusion line. The fusion boundary is to be identified by etching the specimens with a
suitable reagent.

Charpy V-notch impact specimens are to be taken at 1-2 mm below the surface on the face side of the weld with the notch
perpendicular to the plate surface.

One additional set of specimens is to be taken from the root side of the weld with the notch located at the same position and
at the same depth as for the face side for plate with thickness 50 mm and above.

The test temperature is to be the one prescribed for the testing of the steel grade in question.

Additionally, at each location impacts tests are to be carried out with appropriate temperature intervals to properly define the
full transition range.

c) Hardness tests HV 5 across the weldment. The indentations are to be made along a T mm transverse line beneath the plate
surface on both the face side and the root side of the weld as follows:

e Fusion line
e HAZ: at each 0,7 mm from fusion line into unaffected base material (6 to 7 minimum measurements for each HAZ)
¢ The maximum hardness value should not be higher than 350 HV.

A sketch of the weld joint depicting groove dimensions, number of passes, hardness indentations should be attached to the
test report together with photomacrographs of the weld cross section.

d) Brittle fracture initiation test across the weldment
Deep notch test or CTOD test is to be carried out as per a recognized standard.

6.7.4 Other tests
Y-groove weld cracking test (Hydrogen crack test) is to be carried out for grades EH47, EH47CAST1, and EH47CAS2.

The test method is to be in accordance with recognised standards such as ISO 17642-2:2005.

7 Rolled products made of extra high strength steels for welded structure

7.1 Scope

7.1.1 This Article gives the approval test program for the manufacture of extra high strength steel products for welded structure
made of grades A, B, D, E, F in the yield strength groups 420, 460, 500, 550, 620, 690, 890 and 960.
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7.2 Manufacturing process specification

7.2.1 The following information is to be supplied by the manufacturer:

a)

Approval of the Manufacturing Process of Metallic Materials - NR480
Section 2

Type of products (plates, sections, bars and tubulars), grades of steel, range of thickness, delivery condition and aim material
properties, as follows:

¢ range of chemical composition, aim analyses and associated control limits, including grain refining, nitrogen binding,
micro alloying and residual elements, for the various grades of steel; if the range of chemical composition depends on
thickness and supply condition, the different ranges are to be specified, as appropriate.

¢ inaddition, where zirconium, calcium and rare earth metals have been used during steelmaking for grain refinement and,
or inclusion modification, the contents of these elements shall be specified in the approved specification.

* aim carbon equivalent ciq according to IIW formula or CET formula and associated control limits.
e aim Pcm content and associated control limits.

¢ production statistics of the chemical composition and mechanical properties (R., R, A5(%) and KV). The statistics are
intended to demonstrate the capability to manufacture the steel products in accordance with the requirements.

Steelmaking

¢ steelmaking process and capacity of furnace(s) or converter(s)

* raw material used

¢ deoxidation, grain refining, nitrogen binding and alloying practice

¢ desulphurisation, dehydrogenation, sulphide treatment, ladle refining and vacuum degassing installations, if any.
Casting methods: ingot or continuous casting

In the case of continuous casting, information relevant to type of casting machine, teeming practice, methods to prevent re-
oxidation, inclusions and segregation control, presence of electromagnetic stirring, soft reduction, etc., is to be provided as
appropriate.

e casting/solidification cooling rate control

e ingot or slab size and weight

¢ ingot or slab treatment: scarfing and discarding procedures.
Reheating and rolling

e type of furnace and treatment parameters

¢ rolling: reduction ratio of ingot/slab/bloom/billet to finished product, rolling and finishing temperatures for each grade/
thickness combination

* descaling treatment during rolling

¢ capacity of the rolling stands.

Heat treatment

¢ type of furnaces, heat treatment parameters for products to be approved

e accuracy and calibration of temperature control devices

¢ the method used to determine austenization temperature, re-crystallisation temperature and Ar3 temperature
¢ description of quenching and tempering process, if applicable.

Programmed rolling

For products delivered in the normalised rolling (NR) or thermo-mechanical rolling (TM) condition, the following additional
information on the programmed rolling schedules is to be given:

e description of the rolling process
e austenization temperature, re-crystallization temperature and Ar3 temperature and the methods used to determine them

e control standards for typical rolling parameters used for the different thickness and grades of steel (temperature and
thickness at the beginning and at the end of the passes, interval between passes, reduction ratio, temperature range and
cooling speed of accelerated cooling, if any) and relevant method of control

¢ calibration of the control equipment.

Recommendations for working and welding in particular for products delivered in the NR or TM condition

¢ cold and hot working recommendations if needed in addition to the normal practice used in the shipyards and workshops
¢ minimum and maximum heat input and recommended pre-heat/interpass temperature.

Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.
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7.3 Selection of the test product

7.3.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
one test product with the maximum thickness (dimension) to be approved is in general to be selected for each kind of product.
In addition, for initial approval, the Society will require selection of one test product of representative thickness.

The selection of the casts for the test product is to be based on the typical chemical composition, with particular regard to the
specified Cgq, CET or Pcm values and grain refining micro-alloying additions.

7.4 Extent of the approval tests
7.4.1 The extent of the test program is specified in [7.5] and [7.6]; it may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction of the indicated number of casts, steel plate thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed

b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties
c) Change of the approval conditions

d) Approval of the semi-finished products such as slabs, blooms and billets.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

In case of multi-source slabs or changing of slab manufacturer, the rolled steel manufacturer is required to obtain the approval
of the manufacturing process of rolled steels using the slabs from each slab manufacturer and to conduct approval tests in
accordance with [7.5] and [7.6].

¢ the rolled steel manufacturer has already been approved for the manufacturing process using other semi-finished products
characterized by the same thickness, steel grade, grain refining and micro-alloying elements, steelmaking and casting process

¢ the semi-finished products manufacturer has been approved for the complete manufacturing process with the same
conditions (steelmaking, casting, rolling and heat treatment) for the same steel types.

7.4.2 Where the number of tests differs from those shown in [7.5] and [7.6], the program is to be confirmed by the Society before
the tests are carried out.

7.5 Tests on rolled products
7.5.1 The tests to be carried out are indicated in Tab 3.

7.5.2 Additional tests such as stress relieved tensile test (for TM steels), cold cracking tests (CTS, cruciform, implant, Tekken,
bead on plate), CTOD test on parent plate, large scale brittle fracture tests (Double Tension test, ESSO test, Deep Notch test) or
other tests may be required when deemed necessary by the Society.

7.6 Weldability tests

7.6.1 General

Weldability tests are required for plates and are to be carried out on samples of the thickest plate.

7.6.2 Butt weld test for steel strength levels 420 to 500 N/mm?

Testing on higher grades can cover the lower strength and toughness grades.

The following butt weld tests are required:

a) 1 butt weld test assembly welded with the heat input 15 £ 2k)/cm is to be tested as-welded

b) 1 butt weld test assembly welded with the heat input 50 + 5kJ/cm for N/NR and TM steels and 35 + 3,5kj/cm for QT steels is
to be tested as-welded

c) 1 butt weld test assembly welded with the same heat input as given in b) is to be postweld heat treated (PWHT) prior to testing.
Postweld heat treatment procedure is specified in [7.6.6].

Option: steels intended to be designated as steels for high heat input welding are to be tested with 1 butt weld test assembly in
the as-welded condition and 1 butt weld test assembly in the post weld heat treated (PWHT) condition, both welded with the
maximum heat input being approved.
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Table 3 : Tests on rolled products

Position of the
samples and
direction of

the test specimens

Type of test Remarks

Top and bottom - Rui, Ry, A5(%), RA(%) and Ry /R, ratio

Tensile test longitudinal and
are to be reported

transverse
Impact tests | A420, A460, A500, A550, A620, A690, ABIO, AI60 +20] 0 | 20
(Monnon | p420, D460, D500, D550, D620, D690, D890, DI6O | Top and bottom - | Testing 0 | —20 | -40
aged longitudinal and temperat
specimens for | E420, E460, E500, E550, E620, E690, EB90, E960 transverse ure (°O): 0 | -20 | -40 | —60
grades: F420, F460, F500, F550, F620, F690 20| —-40 | -60 | -80
Impact test | A420, A460, A500, A550, A620, A690, A890, A960 +20| 0 | 20
(1) onsstrain | p420, D460, D500, D550, D620, D690, D890, D960 Top and bottom - | Testing 0 | —20 | —40
aged either longitudinal | temperat
specimens (6) | E420, E460, E500, E550, E620, E690, E890, E960 or transverse ure (°C): 0 | -20 | —40 | -60
for grades: | F420, F460, F500, F550, F620, F690 —20 | —40 | -60 | -80

Complete analysis including micro

From top tensile alloying elements, C.o/CET and Pcm

Chemical composition (2)

specimen value

Segregation examination Top Sulphur prints (3)
Micro examination Top At magnification 100 and 500

L S Ferrite and/or prior austenite grain size
Grain size determination Top should be determined
Non-metallic inclusion contents/Cleanliness (4) Top ISO 4967:2013 or other recognized

standard

Drop weight test (5) Top Determination of NDT
Through thickness tensile test Top and bottom Only for grades with improved through

thickness properties

(1) One set of 3 charpy V-notch impact specimens is required for each impact test.

(2) Besides product analysis, ladle analysis are required. The deviation of the product analysis from the ladle analysis shall be in
accordance with the limits given in the manufacturing specification.

(3) Other tests than sulphur prints for segregation examination may be agreed with the Society.

(4) The level of non-metallic inclusions and impurities in term of amount, size, shape and distribution shall be controlled by the
manufacturer. Alternative methods for demonstrating the non-metallic inclusions and impurities may be used by the
manufacturer.

(5) The test is to be performed only on plates.

(6) Deformation 5% +1 hour at 250°C. Test is to be carried out on the thickest plate.

7.6.3 Butt weld test for steel strength levels 550 to 960 N/mm?

Approval tests on the highest toughness grade cover approval for any lower grade in the same strength level, provided that the
aim analysis, method of manufacture and condition of supply are similar.

The following butt weld tests are required:
a) 1 butt weld test assembly welded with the heat input 10 £ 2k)/cm is to be tested as-welded

b) 1 butt weld test assembly welded with the maximum heat input as proposed by the manufacturer is to be tested as-welded.
The approved maximum heat input shall be stated on the manufacturer approval certificate.

Option: If the manufacturer requests to include the approval for post weld heat treated (PWHT) condition, 1 additional butt weld
test assembly welded with a maximum heat input proposed by the manufacturer for the approval same as test assembly b) is to
be post-weld heat treated (PWHT) prior to testing. Postweld heat treatment procedure is specified in [7.6.6].

7.6.4 Butt weld test assembly
The butt weld test assemblies of N/NR plates are to be prepared with the weld seam transverse to the final rolling direction.
The butt weld test assemblies of TM, TM+AcC, TM+DQ and QT plates are to be prepared with the weld seam parallel to the final

plate rolling direction. The butt weld test assemblies of long products, sections and seamless tubular in any delivery condition
are to be prepared with the weld seam transverse to the rolling direction.
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7.6.5 Bevel preparation
The bevel preparation should be preferably 1/2V or K depending of the thickness.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the yards for the
type of steel in question.

The welding parameters including consumables brand name, designation and diameter, pre-heating temperatures, interpass
temperatures, heat input, number of passes, etc. are to be reported.

7.6.6 Post-weld heat treatment

a) Steels delivered in N, NR or TM, TM+AcC, TM+DQ condition shall be heat treated for a minimum time of 1 hour per 25mm
thickness (but not less than 30 minutes and needs not be more than 150 minutes) at a maximum holding temperature of
580°C, unless otherwise approved at the time of approval.

b) Steels delivered in QT condition shall be heat treated for a minimum time of 1 hour per 25 mm thickness (but not less than
30 minutes and needs not be more than 150 minutes) at a maximum holding temperature of 550°C with the maximum
holding temperature of at least 30°C below the previous tempering temperature, unless otherwise approved at the time of
approval

c) Forall delivery condition, heating and cooling above 300°C shall be carried out in a controlled manner in order to heat/cool
the material uniformly. The cooling rate from the maximum holding temperature to 300°C shall not be slower than 55°C/hr.

7.6.7 Type of tests
From the test assemblies the following test specimens are to be taken:
a) One cross weld tensile test. One full thickness test sample or sub-sized samples cover the full thickness cross section.

b) Asetof 3 Charpy V-notch impact specimens transverse to the weld with the notch located at the fusion line and at a distance
2, 5 and minimum 20 mm from the fusion line. The fusion boundary is to be identified by etching the specimens with a
suitable reagent.

Charpy V-notch impact specimens are to be taken at 1-2 mm below the surface on the face side of the weld with the notch
perpendicular to the plate surface.

One additional set of specimens is to be taken from the root side of the weld with the notch located at the same position and
at the same depth as for the face side for plate with thickness 50mm and above.

The test temperature is to be the one prescribed for the testing of the steel grade in question.
c) Hardness tests HV 10 across the weldment.

The indentations are to be made along a 1 - 2 mm transverse line beneath the plate surface on both the face side and the root
side of the weld as follows:

e fusion line
e HAZ: at each 0,7 mm from fusion line into unaffected base material (6 to 7 minimum measurements for each HAZ)

¢ the maximum hardness value should not be higher than: 350 HV for steel strength levels 420 to 460N/mm2; 420 HV for
steel strength levels 500 to 690N/mm?; 450 HV for steel strength levels 890 and 960N/mm?2.

A sketch of the weld joint depicting groove dimensions, number of passes, hardness indentations should be attached to the
test report together with photomacrographs of the weld cross section.

d) Brittle fracture initiation test across the weldment.

CTOD tests are to be carried out for butt weld test assembly specified in [7.6.2] b) and [7.6.3] b) in accordance with EN ISO
15653:2018 or other recognized standard.

¢ the specimen geometry (B=W) is permitted for plate thickness up to 50mm. For plate thicker than 50mm, subsidiary
specimen geometry (50x50mm) is permitted, which is to be taken 50mm in depth through thickness from the subsurface
and 50mm in width. See Fig 1 for more details

¢ the specimens shall be notched in through thickness direction

¢ grain-coarsened HAZ (GCHAZ) shall be targeted for the sampling position of the crack tip
¢ the test specimens shall be in as-welded and post-weld heat treated, if applicable

e three tests shall be performed at —10°C on each butt weld test assembly.

For steel strength level 690N/mm? and above, dehydrogenation of as-welded test pieces may be carried out by a low
temperature heat treatment, prior to CTOD testing. Heat treatment conditions of 200°C for 4h are recommended, and the
exact parameters shall be notified with the CTOD test results.

e) Y-shape weld crack test (Hydrogen crack test) is to be carried out.
The test method is to be in accordance with recognized standards such as ISO 17642-2:2005.

Minimum preheat temperature is to be determined and the relationship of minimum preheat temperature with thickness is to
be derived.

G
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Figure 1 : CTOD test specimen geometry

1-2mm 1-2mm

-

CTOD test
specimen

; CTOD test
| specimen

a) b)

a) For plate thickness <50mm, CTOD test specimen is to be sampled in full thickness.
b) For plate thickness >50mm, subsidiary test specimen with thickness of maximum 50mm in subsurface area is to be sampled.

8 Rolled products for boilers and pressure vessels

8.1 Scope

8.1.1 This Article gives the approval test program for the manufacture of carbon manganese steel products made of grades
(360HA, 360HB, 360HD, 410HA, 410HB, 410HD, 460HB, 460HD, 510HB, 510HD) and low alloy steel grades (0,3Mo -
1Cr0,5Mo - 2,25CrT1Mo) for boilers and pressure vessels.

8.2 Selection of the test product

8.2.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
two products (one per cast) from two different casts representing average and maximum thickness (dimension) to be approved
are in general to be selected for each kind of product.

An additional product from another cast is to be tested for grades intended for application at elevated temperatures (boilers).

The selection of the casts for the test product is to be based on the typical chemical composition, with particular regard to the
specified Cgq or Pcm values and grain refining micro-alloying additions.

8.3 Extent of the approval tests

8.3.1 The extent of the test program is specified in [8.4] and [8.5]; it may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction of the indicated number of casts, steel plate thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

c) Approval for any grade of steel also covers approval for any lower grade in the same strength level, provided that the aim
analysis, method of manufacture and condition of supply are similar.

d) Approval of one yield strength level covers the approval of the yield strength level immediately below, provided the
steelmaking process, deoxidation and fine grain practice, casting method and condition of supply are the same.

e) Change of the approval conditions.
f) Approval of the semi-finished products such as slabs, blooms and billets.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

Where the number of tests differs from those shown in [8.4] and [8.5], the program is to be confirmed by the Society before the
tests are carried out.

8.4 Tests on rolled products

8.4.1 The tests to be carried out are indicated in Tab 4.

8.5 Weldability tests

8.51 General
Weldability tests are required for plates and are to be carried out on samples of the thickest plate.
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Table 4 : Tests on rolled products

Type of test

Position of the samples
and direction of
the test specimens (1)

Remarks

Tensile test

Top and bottom -
transverse (2)

Reri, Rm, A5(%), RA(%) are to be reported

TM+AcC steels

Tensile test (stress relieved) only for CR or

Top and bottom -
transverse (2)

Stress relieving at 600 °C

(2 min/mm with minimum 1 hour)

Tensile test at elevated 360, 410, 460, 510 . +100 or interm. +400
temperature (grades Testing +150 mini. | temp
. N Top - transverse -
intended for applications temperature (°C) L maximum
at elevated temperature) | LOW alloy grades +200 mini. of the range
360HA, 410HA +20 0
Impact tests (3) 360HB, 410HB, +20 0 -20
on non aged 460HB, 510HB Top 'and.bottom i Testing
specimens 360HD, 410HD longitudinal and temperature (°C)
’ ’ transverse - _
for grades: 460HD, 510HD +20 0 20 40
Low alloy grades +20 0
360HA, 410HA +20
Impact test (3) 360HB, 410HB, 20 0
on strain aged 460HB, 510HB Top and bottom - Testing
specimens (5) 360HD, 410HD, transverse temperature (°C)
for grades: 460HD, 510HD +20 | 0 | 20
Low alloy grades 0

Chemical composition

From top tensile specimen

Complete analysis including micro alloying elements

Sulphur prints

Top

Micro examination

Top

Drop weight test (4)

Top

Determination of NDT

(1)  For hot rolled strips see [1.6].
(2) Longitudinal direction for sections and plates having width less than 600 mm.

(3) One set of 3 Charpy V-notch impact specimens is required for each impact test.
(4) Not required for sections and plates having width less than 600 mm.
(5) Deformation 5% + 1 hour at 250°C.

8.5.2

The following tests are in general required:

Preparation and welding of the test assemblies

a) 1 butt weld test assembly welded with a heat input equal to the minimum heat input recommended by the steelmaker

b) 1 butt weld test assembly welded with a heat input equal to the maximum heat input recommended by the steelmaker.

The butt weld test assemblies are to be prepared with the weld seam parallel to the plate rolling direction, so that impact
specimens will result in the transverse direction.

The bevel preparation should be preferably 1/2V or K depending on the thickness.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the manufacturing
shop for the type of steel in question.

The welding parameters including consumables brand name, designation and diameter, pre-heating temperatures, interpass
temperatures, heat input, number of passes, etc. are to be reported.

8.5.3 Type of tests

From the test assemblies the following test specimens are to be taken:

a) One cross weld tensile test

b) A setof 3 Charpy V-notch impact specimens transverse to the weld with the notch located at the fusion line and at a distance
2, 5 and minimum 20 mm from the fusion line. The fusion boundary is to be identified by etching the specimens with a
suitable reagent. The test temperature is to be the one prescribed for the testing of the steel grade in question. The minimum

average impact energy shall exceed 27 ] for carbon-manganese steels and 31 ] for low alloy steels.

Approval of the Manufacturing Process of Metallic Materials - NR480

Section 2

BUREAU
VERITAS

Consolidated Edition July 2026

27



NR480, Sec 2

I
c) Hardness tests HV 5 across the weldment. The indentations are to be made along a 1 mm transverse line beneath the plate
surface on both the face side and the root side of the weld as follows:
¢  Weld metal, at each 2 mm
e Fusion line
e HAZ: at each 0,5 mm from fusion line into unaffected base material
¢ The maximum hardness value should not be higher than 320 HV.

A sketch of the weld joint depicting groove dimensions, number of passes, hardness indentations should be attached to the test
report together with photomacrographs of the weld cross section.

Where a stress relieving treatment is required, cross weld tensile and Charpy V-notch impact tests are to be repeated in the stress
relieved conditions.

8.5.4 Other tests

Additional tests such as cold cracking tests (CTS, cruciform, implant, Tekken, bead on plate), CTOD, or other tests may be
required when deemed necessary by the Society.

9 Rolled products made in ferritic steels for low temperature applications

9.1 Scope

9.1.1 This Article gives the approval test program for the manufacture of ferritic steel products for low temperature applications
including carbon manganese steels grade LE or LF in the tensile strength groups 410, 460, 510 and 550, steels grade LT in the
tensile strength groups 390, 490, and nickel steels grade 1,5Ni, 2.25Ni, 3,5Ni, 5,0Ni and 9,0Ni.

9.2 Selection of the test product

9.2.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
two products (one per cast) from two different casts representing average and maximum thickness (dimension) to be approved
are in general to be selected for each kind of product.

The selection of the casts for the test product is to be based on the typical chemical composition, with particular regard to the
specified Cgq or Pcm values and grain refining micro-alloying additions.

9.3 Extent of the approval tests
9.3.1 The extent of the test program is specified in [9.4] and [9.5]; it may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction of the indicated number of casts, steel plate thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

c) Approval for any grade of steel also covers approval for any lower grade in the same strength level, provided that the aim
analysis, method of manufacture and condition of supply are similar.

d) Approval of one yield strength level covers the approval of the yield strength level immediately below, provided the
steelmaking process, deoxidation and fine grain practice, casting method and condition of supply are the same.

e) Change of the approval conditions.
f) Approval of the semi-finished products such as slabs, blooms and billets.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

Where the number of tests differs from those shown in [9.4] and [9.5], the program is to be confirmed by the Society before the
tests are carried out.

9.4 Tests on rolled products

9.4.1 The tests to be carried out are indicated in Tab 5.
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Table 5 : Tests on rolled products

Position of the samples
Type of test and direction of Remarks
the test specimens (1)
Tensile test Top and bottom - transverse (2) | Ry, Ry, A5(%), RA(%) are to be reported
410LE, 460LE, 5TOLE, 560LE 0 -20 | —40 | -60
410LF, 460LF, 510LF, ool ]
Impact tests (3) 560LF, 390LT, 490LT Testing 0 20 | —40 | 60 | -80
on non aged 1,5Ni, 2,25 Ni Top .and.bottom ) temperature | =40 | —60 | —-80 | ~100
specimens 5 longitudinal and transverse °C):
for grades: 3,5Ni (°C): -60 | =80 | =100 | =120
5,0Ni -80 | =100 | =120 | -196
9,0Ni -80 | =100 | =163 | -196
410LE, 460LE, 510LE, 560LE =20 | —-40
410LF, 460LF, 510LF, 10 | 60
Impact test (3) 560LF, 390LT, 490LT Testing
on strain aged 1,5Ni, 2,25Ni Top .and.bottom ) temperature —60 | -80
specimens (5) : longitudinal and transverse °C):
for grades: 3,5Ni 0 -80 | —95
5,0Ni -80 | -110
9,0Ni =163 | -196
Chemical composition From top tensile specimen Complete analysis including micro alloying elements
Sulphur prints Top
Micro examination Top
Drop weight test (4) Top Determination of NDT

(1) For hot rolled strips see [1.6].

(2) Longitudinal direction for sections and plates having width less than 600 mm.
(3) One set of 3 Charpy V-notch impact specimens is required for each impact test.
(4) Not required for sections and plates having width less than 600 mm.

(5) Deformation 5% + 1 hour at 250°C.

9.5 Weldability tests

9.51 General
Weldability tests are required for plates and are to be carried out on samples of the thickest plate.

9.5.2 Preparation and welding of the test assemblies

The following tests are in general required:

a) 1 butt weld test assembly welded with a heat input equal to the minimum heat input recommended by the steelmaker

b) 1 butt weld test assembly welded with a heat input equal to the maximum heat input recommended by the steelmaker.
The butt weld test assemblies are to be prepared with the weld seam parallel to the plate rolling direction, so that impact
specimens will result in the transverse direction.

The bevel preparation should be preferably 1/2V or K depending on the thickness.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the yards for the
type of steel in question.

The welding parameters including consumables brand name, designation and diameter, pre-heating temperatures, interpass
temperatures, heat input, number of passes, etc. are to be reported.

9.5.3 Type of tests

From the test assemblies the following test specimens are to be taken:

a) One cross weld tensile test

b) Asetof 3 Charpy V-notch impact specimens transverse to the weld with the notch located at the fusion line and at a distance
1,3, 5, 7 and minimum 20 mm from the fusion line. The fusion boundary is to be identified by etching the specimens with

a suitable reagent. The test temperature is to be the one prescribed for the testing of the steel grade in question. The minimum
average impact energy shall exceed 27 |

¢) Hardness tests HV 5 across the weldment. The indentations are to be made along a 1 mm transverse line beneath the plate
surface on both the face side and the root side of the weld as follows:
¢ weld metal, at each 2 mm
e fusion line
e HAZ: at each 0,5 mm from fusion line into unaffected base material.
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d) The maximum hardness value should not be higher than:
e 320 HV for carbon manganese, 1,5Ni, 2,25Ni and 3,5Ni steels
e 400 HV for 5,0Ni and 9,0Ni steel grades.

A sketch of the weld joint depicting groove dimensions, number of passes, hardness indentations should be attached to the test
report together with photomacrographs of the weld cross section.

Where a stress relieving treatment may be needed (plates with thickness above 50 mm), cross weld tensile and Charpy V-notch
impact tests are to be repeated in the stress relieved conditions.

9.5.4 Other tests

Additional tests such as cold cracking tests (CTS, cruciform, implant, Tekken, bead on plate), CTOD, or other tests may be
required when deemed necessary by the Society.

10 Rolled products made in stainless steel

10.1 Scope

10.1.1 This Article gives the approval test program for the manufacture of austenitic and austenitic-ferritic stainless steel products
from AlSI grades 304L, 304LN, 316L, 316LN, 317L, 317LN and UNS grades 31803, 32550 and 32750 used for the building of
chemical tankers.

10.2 Manufacturing process specification

10.2.1 The following information is to be supplied by the manufacturer:
a) Type of products, (plates, sections, coils), steel grades, range of thickness and aim material properties as follows:
¢ range of chemical composition and aim analyses including residual elements if specific limits are specified; if the range
of chemical composition depends on thickness and supply condition, the different ranges are to be specified, as
appropriate
¢ maximum ferrite content for austenitic grades and ferrite-austenite ratio for duplex grades
¢ production statistics of the chemical composition and mechanical properties (R, R.,, A5(%) and KV).
b) List of permitted cargoes and particular conditions for transportation if any.
c) Steelmaking process
e capacity of furnace(s)
* raw material used
¢ deoxidation, refining and alloying practice
¢ ladle treatment (desulphurisation, vacuum degassing installations...).
d) Casting methods: ingot or continuous casting

In the case of continuous casting, information relevant to type of casting machine, teeming practice, methods to prevent re-
oxidation, inclusions and segregation control is to be provided as appropriate:

¢ ingot or slab size and weight
¢ ingot or slab treatment: scarfing and discarding procedures.
e) Reheating and rolling
¢ type of furnace and treatment parameters (reheating temperature, time...)
¢ rolling: reduction ratio of slab/bloom/billet to finished product thickness, rolling and finishing temperatures
¢ descaling treatment during rolling
e capacity of the rolling stands.
f) Heat treatment
¢ type of furnaces, heat treatment parameters and their relevant records
e accuracy and calibration of temperature control devices.
g) Surface finishing: pickling or other methods.
h) Surface and internal conditions, specification or standard used; repair procedure for surface defects if any.
i) Recommendations for working, welding and surface cleaning:
¢ cold and hot working recommendations
e minimum and maximum heat input, recommended filler metals
¢ Cleaning, pickling and passivating recommendations (initial and in-service).

i) Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

k) For the approval of the semi-finished products such as slabs, blooms and billets, the above information a) to d) is to be given.

G
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]
10.3 Selection of the test product

10.3.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
two products (one per cast) from two different casts representing the average and the maximum thickness (dimension) to be
approved are in general to be selected for each kind of product. For grades 317L and 317LN, two products from each cast are
to be selected.

10.4 Extent of the approval tests

10.4.1 The extent of the test program is specified in [10.5] and [10.6]; it may be modified on the basis of the preliminary
information submitted by the manufacturer.

In particular a reduction of the indicated number of casts, steel plate thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

Where the number of tests differs from those shown in [10.5] and [10.6], the program is to be confirmed by the Society before
the tests are carried out.

10.5 Tests on rolled products for austenitic grades (304L, 316L, 316LN, 317L, 317LN)
10.5.1 The tests to be carried out are indicated in Tab 6.

Table 6 : Tests on rolled products for austenitic grades

Position of the samples and

Type of test direction of the test specimens (1) Remarks
Tensile test Top and bottom - transverse (2) Rei, R, A5(%), RA(%) are to be reported
T ile test at el ted t ture:
582267;05(: zned e]vglofc emperature Top and bottom - transverse (2) Rmand R, are to be reported
Top and bottom - Testing temperature (°C):

Impact tests -
P longitudinal and transverse 0°C and —-196°C

Complete analysis including micro alloying
Chemical composition From top tensile specimen elements and residual elements (C, Mn, Si, S,
P, Cr, Ni, Mo, N, Cu, Sn, Sh, B, Ti, Nb, Va...)

Surface and mid-thickness at magnification

Micro examination Top and bottom 100 and 500

Determination of ferrite delta content,

T d bott
Detection of detrimental phases (sigma) op and bottom

Both surfaces and edges to be checked

Liaui heck
iquid penetrant test Spot checks No cracks allowed

Ultrasonic test All plates According to procedure submitted

ASTM A262:2015 Pr. E (4)
ASTM A 262:2015 Pr. C (5)

Special corrosion test in phosphoric media (6) | On each cast Test type “weight loss”

Conventional accelerated corrosion tests (3) | On each cast

Bend test (for information) Top - transverse Bend angle 180° on 3t

(1)  For hot rolled strips see [1.6].

(2) Longitudinal direction for sections and plates having width less than 600 mm.

(3) These tests are strictly conventional and do not aim at providing guarantees on the effective resistance of the steel to the corrosion
due to the chemicals carried, in the actual service conditions.

(4) After sensitizing treatment 700°C during 30 minutes for stabilized and low carbon grades.

(5) Not to be carried out on Mo alloyed grades.

(6) To be agreed in case of particular cargoes.

BURY
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10.6 Tests for austenitic-ferritic grades

10.6.1 Tests on rolled products
The tests to be carried out are indicated in Tab 7.

10.6.2 Weldability tests
Weldability tests are required for plates and are to be carried out on samples of the thickest plate.

The following test assemblies are in general required:
a) 1 butt weld test assembly welded with a heat input equal to the minimum heat input recommended by the steelmaker
b) 1 butt weld test assembly welded with a heat input equal to the maximum heat input recommended by the steelmaker.

The butt weld test assemblies are to be prepared with the weld seam transverse to the plate rolling direction, so that impact
specimens will result in the longitudinal direction.

The bevel preparation should be preferably 1/2V or K depending on the thickness.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the yards for the
type of steel in question.

The welding parameters including consumables brand name, designation and diameter, pre-heating temperatures, interpass
temperatures, heat input, number of passes, etc. are to be reported.

From the test assemblies the following test specimens are to be taken:
a) One cross weld tensile test.

b) Two sets of 3 Charpy V-notch impact specimens transverse to the weld with the notch located at the fusion line and at a
distance 1, 3, 5, 7 and minimum 20 mm from the fusion line. The fusion boundary is to be identified by etching the specimens
with a suitable reagent. The test temperature is 0°C and —20°C. The minimum average impact energy shall exceed 27 J.

¢) Hardness tests HV 5 across the weldment. The indentations are to be made along a Tmm transverse line beneath the plate
surface on both the face side and the root side of the weld as follows:

e  Weld metal, at each 2 mm
e Fusion line
e HAZ: at each 0,5 mm from fusion line into unaffected base material.

d) Determination of ferrite content (aim at 30% - 60%) in base metal heat affected zone and for information in weld metal.

Table 7 : Tests on rolled products for austenitic-ferritic grades

Position of the samples and

Type of test direction of the test specimens (1) Remarks
Tensile test Top and bottom - transverse (2) Reti, R, A5(%), RA(%) are to be reported
;g?élrle;;isé E;tnzle]vg(;izg temperature: Top and bottom - transverse (2) Ry and R, are to be reported
Impact tests Top .and.bottom - Testing temperature (°C):
longitudinal and transverse 0°C, —20°C, —-40°C, —60°C
Complete analysis including micro alloying
Chemical composition From top tensile specimen elements and residual elements (C, Mn, Si, S,

P, Cr, Ni, Mo, N, Cu, Sn, Sb, B, Ti, Nb, Va...)

Surface and mid-thickness at magnification
100 and 500

Micro examination Top and bottom

Determination of ferrite/austenite ratio,

: . . T d bott
Detection of detrimental phases (sigma) op andbotiom

Both surfaces and edges to be checked

Liquid penetrant test Spot checks No cracks allowed

Ultrasonic test All plates According to procedure submitted
Conventional accelerated corrosion tests (3) | On each cast ASTM A 262:2015 Pr. C

Special corrosion test in phosphoric media (4) | On each cast Test type “weight loss”

Bend test (for information) Top - transverse Bend angle 180° on 3t

(1) For hot rolled strips see [1.6].

(2) Longitudinal direction for sections and plates having width less than 600 mm.

(3) These tests are strictly conventional and do not aim at providing guarantees on the effective resistance of the steel to the corrosion
due to the chemicals carried, in the actual service conditions

(4) To be agreed in case of particular cargoes
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11 Rolled products made in high manganese austenitic steels

11.1 Scope

11.1.1 This Article gives the approval test program for the manufacture of high manganese austenitic steel products for low
temperature applications.

11.2 Manufacturing process specification

11.2.1 The following information is to be supplied by the manufacturer:
a) Type of products, (plates, sections, coils), steel grades, range of thickness and aim material properties as follows:

¢ range of chemical composition and aim analyses including residual elements if specific limits are specified; if the range
of chemical composition depends on thickness and supply condition, the different ranges are to be specified, as
appropriate

¢ production statistics of the chemical composition and mechanical properties (Rqy, Ry, A5(%) and KV).
b) List of permitted cargoes and particular conditions for transportation if any.
c) Steelmaking process

e capacity of furnace(s) or converter(s)

* raw material used

¢ deoxidation, refining and alloying practice

¢ ladle treatment (desulphurisation, vacuum degassing installations...).
d) Casting methods: ingot or continuous casting

In the case of continuous casting, information relevant to type of casting machine, teeming practice, methods to prevent re-
oxidation, inclusions and segregation control is to be provided as appropriate:

¢ ingot or slab size and weight
e ingot or slab treatment: scarfing and discarding procedures.
e) Reheating and rolling
¢ type of furnace and treatment parameters (reheating temperature, time...)
¢ rolling: reduction ratio of slab/bloom/billet to finished product thickness, rolling and finishing temperatures
* descaling treatment during rolling
e capacity of the rolling stands

¢ control standard for typical rolling parameters used for the different thickness and steel (temperature and thickness at the
beginning and at the end of the passes, interval between passes, reduction ratio, temperature range and cooling speed of
accelerated cooling, if any) and relevant control method

¢ calibration of the control equipment.
f) Heat treatment
* description of the heat treatment applied

¢ control standard of the heat treatment used for the different thickness and steel (including the temperature, holding time,
cooling rate, etc.) and the relevant method of cooling

¢ type of furnaces, heat treatment parameters and their relevant records
¢ accuracy and calibration of temperature control devices.
g) Recommendations for working, welding and surface cleaning:
¢ cold and hot working recommendations
¢ minimum and maximum heat input and recommended pre-heat, interpass temperature and filler metals

h) Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included

i) Technical documents demonstrating that the percent of the ductile fracture surface at -196°C is 100% by fractography (SEM)

j)  For the approval of the semi-finished products such as slabs, blooms and billets, the above information a) to d) is to be given.

11.3 Selection of the test product

11.3.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
two products (one per cast) from two different casts representing the average and the maximum thickness (dimension) to be
approved are in general to be selected for each kind of product.
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11.4 Extent of the approval tests

11.4.1 The extent of the test program is specified in [11.5]it may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction of the indicated number of casts, steel plate thickness and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

On the other hand, an increase of the number of casts and thickness to be tested may be required in the case of newly developed
types of steel or manufacturing processes.

In case of multi-source slabs or changing of slab manufacturer, the rolled steel manufacturer is required to obtain the approval
of the manufacturing process of rolled steels using the slabs from each slab manufacturer and to conduct approval tests in
accordance with [11.5].

¢ the rolled steel manufacturer has already been approved for the manufacturing process using other semi-finished products
characterized by the same thickness, steel grade, grain refining and micro-alloying elements, steelmaking and casting process

¢ the semi-finished products manufacturer has been approved for the complete manufacturing process with the same
conditions (steelmaking, casting, rolling and heat treatment) for the same steel types.

Where the number of tests differs from those shown in [11.5], the program is to be confirmed by the Society before the tests are
carried out.

11.5 Tests on rolled products for high manganese austenitic steels
11.5.1 The tests to be carried out are indicated in Tab 8.

Table 8 : Tests on rolled products for high manganese austenitic steels

Position of the samples and

Lo . Remarks
direction of the test specimens

Type of test

Reti, R, A5(%), RA(%) are to be reported. Tests
Top and bottom - longitudinal and | are to be carried out at room temperature and -
transverse 165°C. Result of tensile test at -165°C for
reference

Tensile test

Top and bottom - longitudinal and

Impact tests Testing temperature (°C): =196°C

transverse
Impact tests on strain aged specimens Top - longitudinal Testing temperature (°C): —196°C
Testing temperature (°C): =196°C.
. 2 specimens to be tested.
Drop weight test Top Thstests results shall show no-break performance
at-196°C.
Complete analysis including micro alloying
Chemical composition From top tensile specimen and elemgnts and residual elements (C,Mn, Si, S, P,
ladle Cr, Ni, Mo, N, Al, Nb, V, Ti, Cu, Sn, Sb, B, Zr, As,

Bi, Pb, Ca, O, H) are to be reported

Surface and mid-thickness at magnification 100,
Micro examination Top and, 500 where austenite grain size exceeds
ASTM E112:2013 index 10 or equivalent

ISO 12135:2016, ASTM E1820:2020, BS7448-
1:1991 or equivalent method. One set of three

CTOD Top - transverse CTOD specimens is required for each test. Testing
temperature (°C): —=196°C

S-N fatigue test Top - transverse ASTM E466:2015 or eq.uwalent.method. Test at
room temperature. For information

Fatigue crack growth rate test Top - transverse ASTM E647:2015 or equivalent method. Test at
room temperature

Sulphur print Top

. ASTM E494:2015 or equivalent method. Test at

Elastic modulus test Top o
room temperature and -165°C

General corrosion tests Top ASTM G31:2021 or equivalent method
ASTM G36:2018 and ASTM G123:2015 or

Stress corrosion crack (SCC) test Top equivalent method. Test specimen should comply
with ASTM G30:2016 or equivalent.

Intergranular corrosion test Top ASTM A262:2015 or equivalent method.
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11.5.2 Weldability tests
Weldability tests are required for plates and are to be carried out on samples of the thickest plate.

The following test assemblies are in general required:
a) 1 butt weld test assembly welded with a heat input equal to 15kJ/cm £ 10%
b) 1 butt weld test assembly welded with a heat input equal to 30kj/cm + 10%

c) Where steel is required to be approved for heat input levels higher than 30kJ/cm, the maximum heat input to be approved
shall be used for the test assembly.

The butt weld test assemblies are to be prepared with the weld seam longitudinal to the plate rolling direction, so that impact
specimens will result in the transverse direction.

The bevel preparation should be preferably 1/2V or K depending on the thickness.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the yards for the
type of steel in question.

The welding parameters including consumables brand name, designation and diameter, pre-heating temperatures, interpass
temperatures, heat input, number of passes, etc. are to be reported.

The tests to be carried out are indicated in Tab 9.

Table 9 : Tests on weld material

Position of the samples and

- . Remarks
direction of the test specimens

Type of test

Two tensile tests transverse to the weld.
Transverse tensile test Top - cross weld direction Tests are to be carried out at room temperature and -165°C.
Result of tensile test at -165°C for reference.

Testing temperature (°C): =196°C

Impact tests Top - cross weld direction One set of three Charpy V-notch specimens with notch
located in WM, FL, FL+1, FL+3 and FL+5mm.

Testing temperature (°C): =196°C or as per design
conditions.

Ductile fracture toughness test | Top ISO 15653:2018, ASTME1820:2020 or equivalent method.
The test results are to show the satisfactory resistance to
unstable ductile fracture. For information.

Hardness test Top Hardness tests HV 10 across the weldment (1)

Surface, one quarter and mid-thickness at magnification
100, and, 500 where austenite grain size exceeds ASTM
Micro examination To E112:2013 index 10 or equivalent. One macroscopic
Macro examination P photograph representative of transverse section of the weld
joint and show absence of cracks, lack of penetration, lack
of fusion and other injurious defects.

ISO 15653:2018, ASTM E1820:2020 or equivalent
method. One set of three CTOD specimens is required for
CTOD Top - cross weld direction each test. Coarse grained heat affected zone (CHGHAZ)
shall be targeted. Testing temperature (°C): —=196°C or as
per design conditions.

ASTM E466:2015 or equivalent method. Test at room
temperature. For information.

ASTM E647:2015 or equivalent method. Test at room
Fatigue crack growth rate test Top - cross weld direction temperature. Notch in test specimen shall be parallel with
welding seam.

S-N fatigue test Top - cross weld direction

Bending test Top - longitudinal Bend ratio D/t of 4 and angle 180°

General corrosion tests Top ASTM G31:2021 or equivalent method.

ASTM G36:2018 or equivalent method. Test specimen
should comply with ASTM G58:2015 or equivalent.

Intergranular corrosion test Top ASTM A262:2015 or equivalent method.

Stress corrosion crack (SCC) test | Top

(1) Hardness tests HV 10 across the weldment. The indentations are to be made along a 1 - 2 mm transverse line beneath the plate
surface on both the face side and the root side of the weld as follows
e Fusion line
e HAZ: at each 0,7 mm from fusion line into unaffected base material (6 to 7 minimum measurements fro each HAZ).
A sketch of the weld joint depicting groove dimensions, number of passes, harness indentations is to be attached to the test report
together with photomacrographs of the weld cross section.
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12 Round bars for anchor chain cables

12.1 Scope

12.1.1 This Article gives the approval test program for the manufacture of round bars made of steel grade Q1, Q2 or Q3 used
for the manufacture of anchor chain cables.

12.2 Selection of the test product

12.2.1 For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply),
two products (one per cast) from two different casts representing maximum diameter to be approved are in general to be selected
for each kind of product.

The bars are to be heat treated in a way to simulate the heat treatment made during the manufacture of the anchor chain cable.

12.3 Extent of the approval tests

12.3.1 The extent of the test program is specified in [12.4]; it may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction or complete suppression of the approval tests may be accepted by the Society taking into account:
a) Approval already granted by other Classification Societies and documentation of approval tests performed
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties

c) Approval of one yield strength level covers the approval of the yield strength level immediately below, provided the
steelmaking process, deoxidation and fine grain practice, casting method and condition of supply are the same.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of steel or manufacturing processes.

Where the number of tests differs from those shown in [12.4], the program is to be confirmed by the Society before the tests are
carried out.

12.4 Tests on round bars
12.4.1 The tests to be carried out are indicated in Tab 10.

Table 10 : Tests on round bars

Position of the samples and

Type of test direction of the test specimens Remarks
Tensile test Longitudinal with axis at 1/3radius below the surface | R., Ry, A5(%), RA(%) are to be reported
Steel grade Q1 +20 0
I . . . Testing
Impact tests | Steel grade Q2 | Longitudinal with axis at 1/3radius below the surface . +20 0 -20
temperature (°C):
Steel grade Q3 +20 0 -20
Chemical composition From top tensile specimen Complete analysis including micro alloying
elements
Sulphur prints Longitudinal mid-section
Micro examination Longitudinal section at 1/3 radius below the surface | Magnification 100 and 500
Macro examination Longitudinal mid-section

13 Round bars for offshore mooring chain cables

13.1 Scope

13.1.1 This Article gives the approval test program for the manufacture of round bars made of steel grade QR3, QR3S, QR4,
QR4S and QR5 used for the manufacture of offshore mooring chain cables as per NR216.

13.2 Selection of the test product

13.2.1

For each grade of steel and for each manufacturing process (e.g. steel making, casting, rolling and condition of supply), two
products (one per cast) from two different casts representing maximum diameter to be approved are in general to be selected for
each kind of product.

The bars are to be heat treated in a way to stimulate the heat treatment made during the manufacture of the anchor chain cable

G
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13.3 Extent of the approval tests

13.3.1 The extent of the test program is specified in [13.4]; it may be modified on the basis of the preliminary information
submitted by the manufacturer.

In particular a reduction of the indicated number of products and grades to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grade of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

Where the number of tests differs from those shown in [13.4], the program is to be confirmed by the Society before the tests are
carried out.

13.3.2 Each grade is to be individually approved

Approval of the bar grade will only be granted upon approval of the associated offshore mooring product in accordance with
Sec 13.

The parameters applied during qualification are not to be modified during production. The rolling reduction ratio is to be
recorded and is to be at least 5:1. The rolling reduction ratio used in production can be higher but should not be lower than that

qualified.

13.4 Tests on round bars

13.4.1 The tests to be carried out are to be indicated in Tab 11 and Tab 12

Table 11 : Preliminary Study

Type of test

Position of the samples and direction of test
specimens

Remarks

Heat treatment sensitivity study simulating
chain production conditions

Longitudinal or transverse direction
Test specimen (i.e., tensile and impact
tests) is to be taken at 1/3 radius

To establish limits for temperature and time
combinations. To verify mechanical
properties

Strain ageing embrittlement (1) (2)

Longitudinal or transverse direction
Test specimen (i.e., impact test) is to be
taken at 1/3 radius

Impact test at 0°C or -20°C is to be verified
for grade QR3 and QR3S

Impact test at- 20°C is to be verified for
grades QR4, QR4S and QR5

Temper embrittlement (2)

Longitudinal or transverse direction
Test specimen (i.e., impact test) is to be
taken at 1/3 radius

Both rapid and slow cooling conditions are
to be evaluated

Impact test at 0°C or -20°C is to be verified
for grade QR3 and QR3S

Impact test at- 20°C is to be verified for
grades QR4, QR4S and QR5

Hydrogen embrittlement (2) (3)

Longitudinal direction
Test specimen (i.e., tensile test) is to be
taken at central region

Only for grades QR3S, QR4, QR4S and
QR5

(1) Deformation 5% +1 hour at 250°C
(2)

3

Test condition according to NR216 Ch

With heat treatment simulating offshore mooring chain cable production as established during heat treatment sensitivity

10, Sec 4, [2.2.3], item b)

Table 12 : Tests on round bars

Type of test

Position of the samples and direction of test
specimens

Remarks

Chemical composition

From ladle and product (e.g., from top
tensile specimen) samples of each heat

Complete analysis including micro
alloying elements

Minimum Mo content is to be 0,20% for
grades QR4, QR4S and QR5

Grain size determination

Test specimen is to be taken at 1/3 radius

The austenitic grain size for all grades is to
be 6 or finer in accordance with ASTM
E112 or equivalent grain size index in
accordance to 1SO 643

(M
2

After heat treatment simulating offshore mooring chain cable production as established during heat treatment sensitivity
NDT report is to be provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance
criteria and statement for results of examination, identification and signature of qualified NDT operator.
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Type of test

Position of the samples and direction of test
specimens

Remarks

Tensile test (1)

Longitudinal direction
Test specimen is to be taken at 1/3 radius

Rers Ry A5(%), RA (%) are to be reported

Impact test (1)

Longitudinal or transverse direction
Test specimen is to be taken at 1/3 radius

At 0°C or -20°C for grade QR3 and QR3S
At -20°C for grades QR4, QR4S and QR5

Visual Examination (2)

100% of each bar

Magnetic particle or Eddy current test or
Magnetic leakage flux testing (2)

100% of each bar

MT (ASTM E1444; 1SO 9934); MLFT (IS
Z2319) or ET (ISO 15549)

Ultrasonic Test (2)

100% of each bar

UT or PAUT

Non-metallic inclusions

Test specimen is to be taken from each test
sample

Only for grades QR4S and QR5

Macro-etched examination

Test specimen is to be taken from each test
sample

Only for grades QR4S and QR5
According to ASTM E381 or equivalent

Hardenability data

Test specimen is to be taken from each test
sample

Only for grades QR4S and QR5
According to ASTM A255 or equivalent

(1)  After heat treatment simulating offshore mooring chain cable production as established during heat treatment sensitivity
(2) NDT report is to be provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance
criteria and statement for results of examination, identification and signature of qualified NDT operator.

14 Clad steel plates

141 Scope

14.1.1 This Article gives the approval test program for the manufacture of clad steel plates for ships.

14.2 Manufacturing process specification

14.2.1 The following information is to be supplied by the manufacturer:

a) Steel grade of base material and stainless steel grade of cladding material

b) Thickness range and tolerances on clad plate

¢) Details about manufacturing process, rolling or explosive bonding and associated inspection points and procedures.

14.3 Selection of the test product

14.3.1 Two clad plates are to be selected from current production representing the average and the maximum thickness to be

approved.

14.4 Extent of the approval tests

14.4.1 The extent of the test program is specified in [14.5]; it may be modified on the basis of the preliminary information

submitted by the manufacturer.

Where the number of tests differs from those shown in [14.5], the program is to be confirmed by the Society before the tests are

carried out.

14.5 Tests on clad plate

14.5.1 The tests to be carried out are indicated in Tab 13.

Table 13 : Tests on clad plate

Type of test

direction of the test specimens

Position of the samples and

Remarks

Chemical composition of base
material and cladding material

From test specimen

Complete analysis including micro alloying
elements

Tensile test

Full clad plate

As per NR216 Materials and Welding,
Ch 3, Sec 11 for clad plates

Impact tests on base material

Longitudinal and transverse

Testing temperature (°C) at T°C (test temperature
specified for base material) and at (T — 20)°C
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Position of the samples and

Type of test direction of the test specimens Remarks
Bend tests Full clad plate, one from each end of the clad | As per NR216 Materials and Welding,
plate Ch 3, Sec 11 for clad plates
Shear test As per NR216 Materials and Welding,

Ch 3, Sec 11 for clad plates

Micro examination Showing bonded area and surfaces of base Magpnification 100
material and cladding material

Ultrasonic testing As per NR216 Materials and Welding,
Ch 3, Sec 11 for clad plates

15 Plates with specified through thickness properties

15.1 Scope

15.1.1 This Article gives the approval test program for the manufacture of plates with specified through thickness properties.

15.2 Manufacturing process specification

15.2.1 In addition to the information mentioned in [1.2], the following information is to be supplied:

a) Maximum thickness and steel grades with delivery conditions for which approval is requested

b) Details about process modifications to obtain the properties (inclusion shape control, low sulphur...)
¢) Ultrasonic examination procedures and acceptance criteria.

15.3 Selection of the test product

15.3.1 One plate representative of maximum thickness to be approved is to be selected.

15.4 Extent of the approval tests

15.4.1 The extent of the test program is specified in [15.5]; it may be modified on the basis of the preliminary information
submitted by the manufacturer.

Where the number of tests differs from those shown in [15.5], the program is to be confirmed by the Society before the tests are
carried out.

15.5 Tests on plates
15.5.1 The tests to be carried out are indicated in Tab 14.

Table 14 : Tests on plates

Position of the samples and

- . Remarks
direction of the test specimens

Type of test

Complete analysis including micro

Chemical composition From test specimen .
alloying elements

e Top and axis of the plate, 3 specimens

e Top and mid-way between axis and edge of the
plate, 3 specimens

¢ Bottom and axis of the plate, 3 specimens

¢ Bottom and mid-way between axis and edge of the
plate, 3 specimens

Through thickness tensile test

As per NR216 Materials and Welding,

Ultrasonic testing Ch 3, Sec 12, [1.10]

G
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Section 3 Seamless Pipes and Fittings

1 Seamless pipes and fittings

1.1 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of seamless pipes and fittings made of low
alloy and alloy steel grades intended for high temperature use.

A similar scheme may be used for approval of manufacturing process of seamless pipes and fittings for other applications upon
special consideration by the Society.

1.2 Approval Range

1.2.1 The range of product to be approved is to be submitted together with test program at the request for approval.
Range of product is to be defined for the manufacturing process to be approved, including the following information:

¢ for each type of steel, the grade of material with reference to rules, and/or standard and material specifications
¢ range of dimensions (wall thickness, diameter, length)
* heat treatment and delivery conditions.

The approval will be limited to the type of steel, and, up to the maximum dimensions of seamless pipes and fittings used for
approval test program unless otherwise agreed by the Society.

1.3 Manufacturing process specification

1.3.1 The following manufacturing process information and relevant documentation are to be submitted together with the
request for approval and in addition to general information as detailed in Sec 1, [1.3].

a) Manufacture of the steel and semi-finished products

¢ steelmaking process and capacity of furnace(s) or converter(s), raw material used, deoxidation and alloying practice,
vacuum degassing, casting method(s)

¢ semi-finished products: weight and size range
e list of semi-finished products suppliers.
b) Description of the manufacturing process
¢ description of forming operations
e list of manufacturing equipment and facilities.
c) Heat treatment
¢ type of furnaces and capacity

¢ heat treatment parameters (loading temperature, heating rate, holding temperature with tolerances and holding times,
cooling details) and their relevant records

¢ subcontracting the heat treatment, etc.
d) Quality controls from raw materials to finished products

¢ laboratory facilities and equipment for inspection and testing

e quality control documentation, description including a process flow chart.
e) Alternative to the Hydraulic test

If a non destructive test of the whole pipe is proposed by the manufacturer as an alternative to the hydraulic pressure test, the
relevant procedure is to be supplied and is to contain details on the following:

¢ method, type of equipment and capacity (pipe wall thickness and outside diameter range)
e calibration criteria, dimension and position of artificial defects

¢ frequency of calibration

¢ length of untested ends, if applicable

e sensitivity to detect internal, external defects

* acceptance, rejection criteria

e operators qualification according to international standard.

Approval of the Manufacturing Process of Metallic Materials - NR480
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1
1.4 Documents to be submitted for changing the approval conditions
1.4.1 The manufacturer has to submit to the Society the documents required in [1.3] together with the request of changing the

approval conditions, in the case of change of the approval conditions (e.g. dimension range, steel grades).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.5 Approval survey

1.5.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.6 Approval test program

1.6.1 Selection of the test product

For each grade of steel and for each condition of supply, two test products originating from different heats and representing the
average and the maximum dimensions to be approved are in general to be selected.

1.6.2 Extent of the approval tests

The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of products and grades to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

c) Approval for any grade of steel also covers approval for any lower grade in the same strength level, provided that the method
of manufacture and condition of supply are similar.

d) Approval for a strength level may cover approval for lower strength levels provided that the type of steel and the conditions
of supply are the same.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.

1.6.3 Sampling and position of test specimens

The test samples are to be taken in accordance with NR216 Materials and Welding, Ch 4, Sec 1.

The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

1.7 Approval tests
1.7.1 The tests to be carried out are indicated in Tab 1.

Table 1 : Tests on seamless pipes

Position of the samples and

- . Remarks
direction of the test specimens

Type of test

For each product, all the relevant tests required in NR216 Materials and Welding, Chapter 4 are to be performed in addition to the
following tests (1)

Chemical composition From product sample Complete analysis

Microexamination Maghnification 100

Sulphur print; other tests than Sulphur prints for

Segregation examination | Cross-sectional area h R . .
8res segregation examination may be agreed with the Society

Dimensional examination

(1) When non-destructive examination is required by NR216, NDT report is to be provided and shall include: reference to a testing
standard and procedure, extent of testing, rejection/acceptance criteria and statement for results of examination, identification
and signature of qualified NDT operator

Approval of the Manufacturing Process of Metallic Materials - NR480
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1.7.2 Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.3] is to be collected by the manufacturer and put in the technical documentation which

will include all the results of the tests and operation records relevant to steelmaking, forming operations, and, heat treatment of
each tested product.

When steel is cast in a mill other than where the seamless pipes and fittings are manufactured, the steelmaker’s certificate stating
the manufacturing process, the grade of steel, the cast number and the relevant ladle analysis is to be provided for each tested
product.

Consolidated Edition July 2026
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Section 4 Welded Pipes and Fittings

1 Welded pipes and fittings

11 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of welded pipes and fittings intended for
structural applications, boilers, pressure vessels, and systems operating at ambient, high or low temperature.

1.2 Approval range

1.2.1 The range of product to be approved is to be submitted together with test program and the request for approval.
Range of product is to be defined for the manufacturing process to be approved, including the following information:
e for each type of steel, the grade of material with reference to Rules, and/or standard and material specifications

¢ range of dimensions (wall thickness, diameter, length)

¢ welding process

* heat treatment and delivery conditions.

The approval will be limited to the type of steel, and, up to the maximum dimensions of welded pipes and fittings used for

approval test program unless otherwise agreed by the Society.

The approval will be limited to the type of fittings used for approval test program unless otherwise agreed by the Society. The
following parts are to be considered as different types of fittings: reducer, tee, elbow and cap.

1.3 Manufacturing process specification

1.3.1 The following manufacturing process information and relevant documentation are to be submitted together with the
request for approval and in addition to general information as detailed in Sec 1, [1.3].

a) Manufacture of the steel and semi-finished products:

¢ steelmaking process and capacity of furnace(s) or converter(s), raw material used, deoxidation and alloying practice,
vacuum degassing, casting method(s)

¢ semi-finished products: weight and size range

¢ list of semi-finished products suppliers.
b) Description of the manufacturing process:

¢ forming operations

¢ weld joint type, welding procedure specification and supporting welding procedure approval report, welding equipment.
¢) Heat treatment:

e type of furnaces and capacity

¢ heat treatment parameters (loading temperature, heating rate, holding temperature with tolerances and holding times,
cooling details) and their relevant records

¢ subcontracting the heat treatment, etc.
d) Quality controls from raw materials to finished products:

¢ laboratory facilities and equipment for inspection an testing

¢ quality control documentation, description including a process flow chart

¢ procedures for non destructive examination of the weld joint which is to contain details as described in e) hereafter.
e) Alternative to the Hydraulic test:

If a non destructive test of the whole pipe is proposed by the manufacturer as an alternative to the hydraulic pressure test, the
relevant procedure is to be supplied and is to contain details on the following

¢ method, type of equipment and capacity (pipe wall thickness and outside diameter range)
e calibration criteria, dimension and position of artificial defects

¢ frequency of calibration

¢ length of untested ends, if applicable

e sensitivity to detect internal, external defects

® acceptance criteria

e operators qualification according to international standard.
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1.4 Documents to be submitted for changing the approval conditions
1.4.1 The manufacturer has to submit to the Society the documents required in [1.3] together with the request of changing the
approval conditions, in the case of change of the approval conditions (e.g. dimension range, steel grades).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.5 Approval survey
1.5.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.6 Approval test program

1.6.1  Selection of the test product

For each grade of steel, each manufacturing process and each condition of supply, two test products originating from different
heats and representing the average and the maximum dimensions to be approved are in general to be selected.

1.6.2 Extent of the approval tests

The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of products and grades to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

c) Approval for any grade of steel also covers approval for any lower grade in the same strength level, provided that the method
of manufacture and condition of supply are similar.

d) Approval for a strength level may cover approval for lower strength levels provided that the type of steel and the conditions
of supply are the same.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.

1.6.3 Sampling and position of test specimens
The test samples are to be taken in accordance with NR216 Materials and Welding, Ch 4, Sec 1.

The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

1.7 Approval tests
1.7.1 The tests to be carried out are indicated in Tab 1.

Table 1 : Tests on welded pipes

Position of the samples and

- . Remarks
direction of the test specimens

Type of test

For each product, all the relevant tests required in NR216 Materials and Welding, Chapter 4 are to be performed in addition to the
following tests (1):

Complete analysis, material for product analysis should be

Chemical composition From product sample . .
! postt P P taken from tensile specimen
Microstructure examination and Including weld metal, fusion Magnification 100; Hardness HV5 Vickers on weld metal, heat
hardness line and heat affected zone affected zone and base metal to be recorded
Macro examination Transverse to the weld
. L Iphur prin her han sulphur print for segr ion
Segregation examination Top and bottom Sulphur print, other tests than sulphur print for segregatio

examination may be agreed with the Society

Base material, heat affected

hecking of ferri
Checking of ferrite content Jone and weld metal

Applicable only to duplex stainless steel grades

(1)  Welded pipes and fittings are to be examined by non-destructive techniques according to NR216, Ch4, [5]. NDT report is to be
provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance criteria and statement for
results of examination, identification and signature of qualified NDT operator.
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1.7.2 Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.3] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to steelmaking, casting, forming, welding operations, and,
heat treatment of each tested product.

When steel is cast in a mill other than where the welded pipes are manufactured, the steelmaker’s certificate stating the
manufacturing process, the grade of steel, the cast number and the relevant ladle analysis is to be provided for each tested
product.
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Section 5 Steel Forgings

1 General

11 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of steel forgings intended for hull, structural
applications, offshore construction, machinery, boilers, pressure vessels and piping systems.

A similar scheme may be used for approval of manufacturing process of other forgings type upon special consideration by the
Society.

1.2 Approval range

1.2.1 The range of product to be approved is to be submitted together with test program and the request for approval.
Range of product is to be defined for the manufacturing process to be approved, including the following information:

¢ for each type of steel, the grade of material with reference to Rules, and/or standard and material specifications
¢ range of dimensions (e.g. diameter, length), and, net weight
¢ heat treatment and delivery conditions.

The approval will be limited to the type of steel, and, up to the maximum net weight of steel forgings used for approval test
program unless otherwise agreed by the Society.

1.3 Manufacturing process specification

1.3.1 The following information and relevant documentation are to be submitted together with the request for approval and in
addition to general information as detailed in Sec 1, [1.3]:

a) Manufacture of the steel and semi-finished products:

¢ production method of original steel: steelmaking process and capacity of furnace(s) or converter(s), raw material used,
deoxidation and alloying practice, vacuum degassing, casting method(s)

¢ semi-finished products: weight and size range
¢ list of semi-finished product suppliers, if applicable.
b) Forging process:

¢ description of forging facilities: forging equipment type and capacity (e.g. presses, hammers), heat treating furnace(s) type
and capacity used for reheating operations.

e description of forging process: typical range of hot-forming temperatures and hold times, forging steps with sketches
showing forming of forging from the ingot stage and relevant reduction ratio. unless otherwise approved, the minimum
total reduction ratio is to be in accordance with NR216 materials and welding, Chapter 5.

¢ description of special processes adopted for grain flow forged products and for forgings with weld joints.
¢) Heat treatment:
¢ description of heat treatment facilities: furnace(s) type and capacity, cooling facilities

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time)

¢ alternative procedure to conventional heat treatment, as controlled cooling from finishing forging temperature
¢ subcontracting the heat treatment, etc.

d) Quality control and testing:
¢ laboratory facilities and equipment for inspection and testing

¢ quality control documentation; description including a process flow chart with details about inspection points and a list
of applicable instructions

¢ non-destructive examination procedures, together with acceptance criteria
¢ list of personnel in charge of the non-destructive testing and their qualification.

e) For the approval of the semi-finished products such as slabs, blooms and billets, the above information a) is to be given.
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1.4 Documents to be submitted for changing the approval conditions

1.4.1 The manufacturer has to submit to the Society the documents required in [1.3] together with the request of changing the
approval conditions, in the case of change of the approval conditions (e.g. dimension and net weight range, type of steel,
manufacturing process).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.5 Approval survey

1.5.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.6 Results and records

1.6.1 All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material
specification, are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed
appropriate, may be specified in the approval document.

All the information required under [1.3] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to steelmaking, casting, hot forgings operations with total
reduction ratio, and, heat treatment of each tested product.

Where steel is produced at a separate works of the forging, the steel manufacturer is also to be approved, refer to Sec 2, [2].

2 Semi-finished products for steel forgings

21 Scope

2.1.1 This Section gives the scheme for the approval of the manufacturing process of semi-finished products intended for steel
forgings.

A similar scheme may be used for approval of manufacturing process of semi-finished products intended for aluminium alloy
forgings upon special consideration by the Society.

2.2 Approval test program

2.21 Selection of test product

For each grade and for each manufacturing process (continuous casting, ingot casting) one test product with the maximum
thickness and one test product with the minimum thickness to be approved are in general to be selected for each kind of product
(ingot, slabs, blooms/ billets).

2.2.2 Extent of the approval tests

The extent of the test program is specified in [2.3]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of products and grades to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long-term statistic results of chemical and mechanical properties.
Where the number of tests differs from those shown in [2.3], the program is to be confirmed by the Society before the tests are

carried out.

2.2.3 Sampling and position of test specimens

The test samples are to be taken, unless otherwise agreed, from the product (slab, bloom, billet) corresponding to the top of the
ingot, or, in the case of continuous casting a random sample.

2.3 Approval tests

2.31 Type of tests
The tests to be carried out for the approval of the manufacturing process of semi-finished products are:

¢ chemical analysis on both ladle and product.

e sulphur prints or other test for segregation examination.
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3 Steel forgings

3.1  Scope

3.1.1 This Section gives the scheme for the approval of the manufacturing process of steel forgings.

3.2 Approval test program

3.21 Selection of test product

The selected test products shall be representative of the type and weight range for which approval is requested.
The approval may be requested for the following type of steel:

e carbon steels

¢ carbon-manganese steels

¢ low-alloy steels

¢ alloy steels

* stainless steels.

When the approval is applied for one type of steel, two forgings, from two different casts, representative of the range of forgings
to be approved are to be tested. When the approval is applied for carbon, carbon-manganese, low-alloy and alloy steels, it may
be reduced to one cast only per each type of steel.

3.2.2 Extent of the approval tests

The extent of the test program is specified in [1.6]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of products and grades to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of steel to be approved and availability of long-term statistic results of chemical and mechanical properties.
Where the number of tests differs from those shown in [1.6], the program is to be confirmed by the Society before the tests are

carried out.

3.2.3 Sampling and position of test specimens

The test samples are to be taken in accordance with NR216 Materials and Welding, Chapter 5 for the type of steel forging
involved.

The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

3.3 Approval tests
3.3.1 The tests to be carried out are indicated in Tab 1.

Table 1 : Tests on steel forgings

Position of the samples and

N . Remarks
direction of the test specimens

Type of test (1)

For each product, all the relevant tests required in NR216 Materials and Welding, Chapter 5 are to be performed in addition to the
following tests (2):

Complete analysis, material for product analysis should be

Chemical composition From ladle and product sample . .
taken from tensile specimen
Microstructure examination At magnification 100 and 500
. L Sulphur print, other tests than sulphur print for segregation
Segregation examination Top and bottom phurp phurp 8res

examination may be agreed with the Society

Macro examination for grain flow Full cross-section Macro etching of cross section surface according to recognised
forged products standard such as ASTM E381

(1)  For special grades, case by case approval test program is to be considered.

(2) When non-destructive examination is required by NR216, NDT report is to be provided and shall include: reference to a testing
standard and procedure, extent of testing, acceptance criteria and statement for results of examination, identification and
signature of qualified NDT operator.

Consolidated Edition July 2026

48

Approval of the Manufacturing Process of Metallic Materials - NR480
Section 5




NR480, Sec 6

Section 6 Steel Castings

1 Steel castings

1.1 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of steel castings intended for hull, structural
applications, offshore construction, machinery, propellers, boilers, pressure vessels and piping systems.

A similar scheme may be used for approval of manufacturing process of others castings type upon special consideration by the
Society.

1.2 Approval range

1.2.1 The range of product to be approved is to be submitted together with test program and the request for approval.
Range of product is to be defined for the manufacturing process to be approved, including the following information:
¢ for each type of steel, the grade of material with reference to rules, and/or standard and material specifications

¢ range of dimensions, and, net weight
* heat treatment and delivery conditions.

The approval will be limited to the type of steel, and, up to the maximum net weight of steel castings used for approval test
program unless otherwise agreed by the Society.

1.3 Manufacturing process specification

1.3.1 The following information and relevant documentation are to be submitted together with the request for approval and in
addition to general information as detailed in Sec 1, [1.3]:

a) Manufacture of the steel and casting process:

¢ production method of original steel: steelmaking, and capacity of furnace(s) or converter(s), raw material used,
deoxidation and alloying practice, vacuum degassing, casting, as applicable.

e description of casting facilities: type and capacity of melting furnace(s), casting processes (e.g. investment, centrifugal,
sand castings), moulding method, type of sand, binding agent and method of casting.

b) Heat treatment:
¢ description of heat treatment facilities: furnace(s) type, cooling facilities.

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time).

¢ subcontracting the heat treatment, etc.
c) Repair procedure for surface defects, if any
d) Quality control and testing:
¢ |aboratory facilities and equipment for inspection and testing.

¢ quality control documentation; description including a process flow chart with details about inspection points and a list
of applicable instructions.

¢ non-destructive examination procedures, together with acceptance criteria.
¢ list of personnel in charge of the non-destructive testing and their qualification.

1.4 Documents to be submitted for changing the approval conditions

1.4.1 The manufacturer has to submit to the Society the documents required in [1.3] together with the request of changing the
approval conditions, in the case of change of the approval conditions (e.g. dimension and net weight range, type of steel,
manufacturing process).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.5 Approval survey

1.5.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.
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]
1.6 Approval test program

1.6.1 Selection of test product

The selected test products shall be representative of the type and weight range for which approval is requested.
The approval may be requested for the following type of steel:

e carbon steels

¢ carbon-manganese steels

¢ low-alloy steels

¢ alloy steels

* stainless steels.

When the approval is applied for one type of steel, two castings, from two different casts, representative of the range of castings
to be approved are to be tested. When the approval is applied for carbon, carbon-manganese, low-alloy and alloy steels, it may
be reduced to one cast only per each type of steel.

1.6.2 Extent of the approval tests

The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of products and grades to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.

b) Grades of steel to be approved and availability of long term statistic results of chemical and mechanical properties.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.

1.6.3 Sampling and position of test specimens

The test samples and the test specimens are to be taken in accordance with NR216 Materials and Welding, Chapter 6 for the
type of steel casting involved.

The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

1.7 Approval tests
1.7.1 The tests to be carried out are indicated in Tab 1.

1.7.2 Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.3] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to steelmaking, casting, and, heat treatment of each tested
product.

Table 1 : Tests on steel castings

Position of the samples and

N . Remarks
direction of the test specimens

Type of test (1)

For each product, all the relevant tests required in NR216 Materials and Welding, Chapter 6 are to be performed in addition to the
following tests (2):

Complete analysis, material for product analysis should be

Chemical composition From ladle and product sample . .
taken from tensile specimen

Microstructure examination At magnification 100 and 500

(1)  For special grades, case by case approval test program is to be considered.

(2) When non-destructive examination is required by NR216, NDT report is to be provided and shall include: reference to a testing
standard and procedure, extent of testing, acceptance criteria and statement for results of examination, identification and
signature of qualified NDT operator.
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Section 7 Stainless Steel Castings for Propellers

1 Steel castings

11 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of cast stainless steel propellers, blades and
bosses.

1.2 Approval range

1.2.1 The range of product to be approved is to be submitted together with test program and the request for approval.

The approval will be limited to the type of steel, and, up to the maximum net weight of steel castings used for approval test
program unless otherwise agreed by the Society.

1.3 Manufacturing process specification

1.3.1 The following information and relevant documentation are to be submitted together with the request for approval and in
addition to general information as detailed in Sec 1, [1.3]:

a) Manufacture of the steel and casting process:

¢ production method of steel: steelmaking, and capacity of furnace(s) or converter(s), raw material used, deoxidation and
alloying practice, vacuum degassing, casting, as applicable.

¢ description of casting facilities: type and capacity of melting furnace(s), casting processes (e.g. investment, centrifugal,
sand castings), moulding method, type of sand, binding agent and method of casting.

b) Heat treatment:
¢ description of heat treatment facilities: furnace(s) type, cooling facilities.

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time).

¢ subcontracting the heat treatment.
c) Repair procedure for surface defects if any.
d) Quality control and testing:
¢ laboratory facilities and equipment for inspection and testing.

¢ quality control documentation; description including a process flow chart with details about inspection points and a list
of applicable instructions.

¢ non-destructive examination procedures, together with acceptance criteria.

¢ list of personnel in charge of the non-destructive testing and their qualification.

1.4 Documents to be submitted for changing the approval conditions

1.4.1 The manufacturer has to submit to the Society the documents required in [1.3] together with the request of changing the
approval conditions, in the case of change of the approval conditions (e.g. dimension and net weight range, type of steel,
manufacturing process).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.5 Approval survey

1.5.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.6 Approval test program

1.6.1 Selection of test product

Two castings, from two different casts, representative of the type of stainless steel and weight range of castings to be approved
are to be tested.
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1.6.2 Extent of the approval tests
The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of stainless steel castings to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of stainless steel to be approved and availability of long term statistic results of chemical and mechanical properties.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.

1.6.3 Sampling and position of test specimens
The test samples and the test specimens are to be taken in accordance with NR216 Materials and Welding, Chapter 6 for the
type of steel casting involved.

The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

1.7 Approval tests
1.7.1 The tests to be carried out are indicated in Tab 1.

1.7.2  Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.3] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to steelmaking, casting, and, heat treatment of each tested
product.

Table 1 : Tests on stainless steel castings for propellers

Position of the samples and

N . Remarks
direction of the test specimens

Type of test (1)

For each product, all the relevant tests required in NR216 Materials and Welding, Ché, Sec8 are to be performed in addition to the
following tests (2):

Complete analysis, material for product analysis should be

Chemical composition From ladle and product sample . .
taken from tensile specimen

Microstructure examination At magnification 100 and 500

(1)  For special grades, case by case approval test program is to be considered.

(2) NDT report is to be provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance
criteria and statement for results of examination, identification and signature of qualified NDT operator. Refer to NR216 Materials
and Welding, Ché, Sec8, [1.10] and [1.11].
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Section 8 Copper Alloy Castings for Propellers

1 Steel castings

1.1 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of cast copper alloy propellers, blades and
bosses.

1.2 Approval range

1.2.1 The range of product to be approved is to be submitted together with test program and the request for approval.

The approval will be limited to the type of alloy, and, up to the maximum net weight of castings used for approval test program
unless otherwise agreed by the Society.

1.3 Manufacturing process specification

1.3.1 The following information and relevant documentation are to be submitted together with the request for approval and in
addition to general information as detailed in Sec 1, [1.3]:

a) Manufacture of the copper alloy and casting process:
¢ description of alloy making

e description of casting facilities: type and capacity of melting furnace(s), casting processes (e.g. investment, centrifugal,
sand castings), moulding method, type of sand, binding agent and method of casting.

b) Heat treatment, if applicable:
¢ description of heat treatment facilities: furnace(s) type, cooling facilities.

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time).

¢ subcontracting the heat treatment.
c) Repair procedure for surface defects if any.
d) Quality control and testing:
¢ laboratory facilities and equipment for inspection and testing.

¢ quality control documentation; description including a process flow chart with details about inspection points and a list
of applicable instructions.

¢ non-destructive examination procedures, together with acceptance criteria.

¢ list of personnel in charge of the non-destructive testing and their qualification.

1.4 Documents to be submitted for changing the approval conditions

1.4.1 The manufacturer has to submit to the Society the documents required in [1.3] together with the request of changing the
approval conditions, in the case of change of the approval conditions (e.g. dimension and net weight range, type of copper alloy,
manufacturing process).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.5 Approval survey

1.5.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.6 Approval test program

1.6.1 Selection of test product

Two castings, from two different casts, representative of the type of copper alloy and weight range of castings to be approved are
to be tested.
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1.6.2 Extent of the approval tests
The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of copper alloy castings to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.
b) Grades of copper alloy to be approved and availability of long term statistic results of chemical and mechanical properties.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.

1.6.3 Sampling and position of test specimens
The test samples and the test specimens are to be taken in accordance with NR216 Materials and Welding, Chapter 8 for the
type of copper alloy castings involved.

The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

1.7 Approval tests
1.7.1 The tests to be carried out are indicated in Tab 1.

1.7.2  Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.3] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to steelmaking, casting, and, heat treatment of each tested
product.

Table 1 : Tests on copper alloy castings for propeller

Position of the samples and

N . Remarks
direction of the test specimens

Type of test (1)

For each product, all the relevant tests required in NR216 Materials and Welding, Ch8, Sec3 are to be performed in addition to the
following tests (2):

Complete analysis, material for product analysis should be

Chemical composition From ladle and product sample . .
taken from tensile specimen

Microstructure examination At magnification 100 and 500

(1)  For special grades, case by case approval test program is to be considered.

(2) NDT report is to be provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance
criteria and statement for results of examination, identification and signature of qualified NDT operator. Refer to NR216, Ch8,
Sec3, [1.10] and[1.11].
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Section 9 Aluminium Alloy Castings

1 Steel castings

11 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of aluminium alloy castings intended for hulls
and other marine structures, and for cryogenic applications where the design temperature is not lower than -165°C.

1.2 Approval range

1.2.1 The range of product to be approved is to be submitted together with test program and the request for approval.
Range of product is to be defined for the manufacturing process to be approved, including the following information:

e for each type of aluminium alloy, the grade of material with reference to rules, and/or standard and material specifications
¢ range of dimensions, and, net weight
¢ heat treatment, if applicable, and delivery conditions.

The approval will be limited to the type of aluminium alloy, and, up to the maximum net weight of castings used for approval
test program unless otherwise agreed by the Society.

1.3 Manufacturing process specification

1.3.1 The following information and relevant documentation are to be submitted together with the request for approval and in
addition to general information as detailed in Sec 1, [1.3]:

a) Manufacture of the aluminium alloy and casting process:
¢ description of alloy making.

e description of casting facilities: type and capacity of melting furnace(s), casting processes (e.g. investment, centrifugal,
sand castings), moulding method, type of sand, binding agent and method of casting.

b) Heat treatment, if applicable:
¢ description of heat treatment facilities: furnace(s) type, cooling facilities.

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time).

¢ subcontracting the heat treatment.
c) Repair procedure for surface defects if any.
d) Quality control and testing:
¢ laboratory facilities and equipment for inspection and testing.

¢ quality control documentation; description including a process flow chart with details about inspection points and a list
of applicable instructions.

¢ non-destructive examination procedures, together with acceptance criteria.

e list of personnel in charge of the non-destructive testing and their qualification.

1.4 Documents to be submitted for changing the approval conditions

1.4.1 The manufacturer has to submit to the Society the documents required in [1.3] together with the request of changing the
approval conditions, in the case of change of the approval conditions (e.g. dimension and net weight range, type of aluminium
alloy, manufacturing process).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.5 Approval survey

1.5.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.
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]
1.6 Approval test program

1.6.1 Selection of test product

The selected test products shall be representative of the type and weight range for which approval is requested.

The approval may be requested for the following type of aluminium alloy:

¢ magnesium alloys (e.g. Al-Mg3; Al-Mg6)

¢ silicon alloys (e.g. Al-Si12)

¢ magnesium-silicon alloys (e.g. Al-Si7Mg0,3; Al-Si7 Mg0,6; Al-Si10Mg).

When the approval is applied for one type of aluminium alloy, two castings, from two different casts, representative of the range
of castings to be approved are to be tested. When the approval is applied for different type of aluminium alloy, it may be reduced
to one cast only per each type of aluminium alloy.

1.6.2 Extent of the approval tests

The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted by
the manufacturer.

In particular a reduction of the indicated number of products and grades to be tested or complete suppression of the approval
tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.

b) Grades of aluminium alloy to be approved and availability of long term statistic results of chemical and mechanical
properties.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.
1.6.3 Sampling and position of test specimens

The test samples and the test specimens are to be taken in accordance with NR216 Materials and Welding, Chapter 9 for the
type of aluminium alloy castings involved.

The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

1.7 Approval tests
1.7.1 The tests to be carried out are indicated in Tab 1.

1.7.2 Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.3] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to steelmaking, casting, and, heat treatment of each tested
product.

Table 1 : Tests on aluminium alloy castings

Position of the samples and

N . Remarks
direction of the test specimens

Type of test (1)

For each product, all the relevant tests required in NR216 Materials and Welding, Ch9, Sec5 are to be performed in addition to the
following tests (2):

Complete analysis, material for product analysis should be

Chemical composition From ladle and product sample . .
taken from tensile specimen

Microstructure examination At magnification 100 and 500

(1)  For special grades, case by case approval test program is to be considered.

(2) When non-destructive examination is required by NR216, NDT report is to be provided and shall include: reference to a testing
standard and procedure, extent of testing, acceptance criteria and statement for results of examination, identification and
signature of qualified NDT operator.
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Section 10 Wrought Aluminium Alloy Products

1 General

11 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of wrought aluminium alloy products used
in the construction of hulls, superstructures, and other marine structures.

1.2 Manufacturing process specification

1.2.1 The following information is to be supplied by the manufacturer:

a) Type of products (rolled, extruded), grades of aluminium alloy, temper condition, range of dimension and aim material
properties as follows:

e orange of chemical composition and aim analyses for the various grades and tempers
¢ production statistics of the chemical composition and mechanical properties (R, R;,,, A5(%).

b) For alloys not already covered by international standards including marine applications, the registration status for marine use
to the Aluminium Association is to be supplied to the Society for information; In that case the manufacturer is to supply also
information about the design, development and qualification stages of such alloy (modification of existing alloy, new alloy...).

c) Description of alloy making process (raw material used, smelting/melting method, deoxidation and alloying practice) and
casting method (ingot or slab size and weight)

d) Use of semi-finished products manufactured by other plants or companies.
e) Description of rolling or extruding process:
¢ raw materials used for rolling or extruding, size and weight
¢ discarding and scalping procedures before rolling or extruding
¢ rolling: process temperature, reduction ratio of slab/bloom/billet to finished product thickness
¢ extruding: process temperature, quenching, stretching, strain-hardening and ageing methods
¢ calibration of the control equipment.
f) Heat treatment:
¢ type of furnaces, heat treatment parameters and their relevant records
e accuracy and calibration of temperature control devices.
g) Recommendations for cold and hot working and welding.

h) Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

i) For the approval of the semi-finished products such as slabs, blooms and billets, the above information a), b) and c) is to be given.

1.3 Documents to be submitted for changing the approval conditions

1.3.1 The manufacturer has to submit to the Society the documents required in [1.2] together with the request of changing the
approval conditions, in the case of the following a) through e):

a) Change of the manufacturing process (alloy making, casting, rolling/extruding and heat treatment)

b) Change of the range of approval

c) Change of the chemical composition, added element, etc

d) Subcontracting the rolling, heat treatment, etc

e) Use of semi-finished products manufactured by other companies which are not approved.

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.4 Approval survey

1.4.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.
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1.5 Results and records

1.5.1 All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material
specification, are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed
appropriate, may be specified in the approval document.

All the information required under [1.2] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to alloy making, casting, rolling or extruding and, heat
treatment or strain-hardening and/or ageing of each tested product.

When the aluminium alloys are cast in a work other than where they are manufactured into finished products, the work's
certificate stating the manufacturing process, the grade of aluminium alloy, the cast number and the relevant ladle analysis is to
be provided for each tested product.

2 Semi-finished products for wrought aluminium alloy products

21 Scope

2.1.1 This Article specifies the scheme for the approval of the manufacturing process of semi-finished products such as ingots,
slabs, blooms and billets for aluminium alloy plates and sections.

2.2 Selection of the test product

2.2.1 For each alloy grade and for each manufacturing process (e.g. direct chill casting, continuous strip casting), one test
product with the maximum thickness and one test product with the minimum thickness to be approved are in general to be
selected for each kind of product (ingot, slabs, blooms/ billets).

2.3 Extent of the approval tests
2.3.1 The extent of the test program is specified in [2.5] ; it may be modified on the basis of the preliminary information submitted

by the manufacturer.

In particular a reduction of the indicated number of casts, product thicknesses and grades to be tested or complete suppression
of the approval tests may be accepted by the Society taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.

b) Type of alloys to be approved and availability of long-term statistic results of chemical properties and if applicable of
mechanical properties.

c) Change of the approval conditions.

On the other hand, an increase of the number of casts and thicknesses to be tested may be required in the case of newly
developed types of aluminium alloys or manufacturing processes.

Where the number of tests differs from those shown in [2.5], the program is to be confirmed by the Society before the tests are

carried out.

2.4 Position of the test samples

2.4.1 The test samples are to be taken, unless otherwise agreed, from the product (slab, bloom, billet) corresponding to the top
of the ingot, or, in the case of continuous casting a random sample.

2.5 Tests on semi-finished products

2.51 Type of tests
The tests to be carried out for the approval of the manufacturing process of semi-finished products are:

¢ chemical analysis on both ladle and product. In general, the content of the following elements is to be checked: Si, Fe, Cu,
Mn, Mg, Cr, Zn, Ti, H and if required, of the residual elements: Ni, Ga, V and Zr.

® macro examination.

3 Wrought aluminium alloy products

3.1 Scope

3.1.1 This Section gives the scheme for the approval of the manufacturing process of rolled or extruded products made in
aluminium alloys.
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3.2 Selection of the test product

3.2.1 For each grade of aluminium alloy, temper condition and for each manufacturing process (rolling, extruding), two test
products originating from two different heats and representing the average and the maximum thickness (dimension) to be
approved are in general to be selected for each kind of product.

3.3 Extent of the approval tests
3.3.1 The extent of the test program is specified in [3.6]; it may be modified on the basis of the preliminary information submitted
by the manufacturer.

In particular a reduction of the indicated number of heats, dimensions and grades to be tested may be accepted by the Society
taking into account:

a) Approval already granted by other Classification Societies and documentation of approval tests performed.

b) Grades and temper condition to be approved and availability of long term statistic results of chemical and mechanical
properties.

c) Change of the approval conditions.

On the other hand, an increase of the number of heats and thicknesses to be tested may be required in the case of newly
developed types of aluminium alloys or manufacturing processes.

Where the number of tests differs from those shown in [3.6], the program is to be confirmed by the Society before the tests are
carried out.

3.4 Position of the test samples

3.4.1 The position of the samples are to be in accordance with NR216 Materials and Welding, Chapter 9.

3.5 Test specimens and testing procedure

3.5.1 The test specimens and testing procedures are to be, as a rule, in accordance with NR216 Materials and Welding, Chapter 2.

The test results are to be in accordance, where applicable, with the requirements specified for the different alloys in NR216
Materials and Welding, Chapter 9.

3.6 Tests on base material
3.6.1 The tests to be carried out are indicated in Tab 1.

Table 1 : Tests on base material

Position of the samples and

- . Remarks
direction of the test specimens

Type of test

For each product, all the relevant tests required in NR216 Materials and Welding, Chapter 9 are to be performed in addition to the
following tests:

Chemical composition Product sample Complete analysis including alloying elements and residual
elements

Tensile test (1) Top and bottom Rei, Rm, A5(%) are to be reported

Bend tests for rolled products Top and bottom 180° bending, mandrel diameter agreed on case by case basis
No crack is to be accepted

Macro examination and drift Top of bottom Verification of proper fusion of press welds

expansion test for extruded

products

Exfoliation corrosion test (2) (3) Each product top and bottom | ASTM G66 (ASSET test)
To exhibit no evidence of exfoliation and a pitting rating of PB
or better.

(1)  For products exceeding 50mm in thickness, another short transverse specimen (specimen axis perpendicular to the surface of the
rolled product) is to be tested.

(2) Applicable only for 5xxx-alloys in the tempers H116 or H321. The manufacturer shall maintain, at the producing facility, all
records relating to the establishment of reference photomicrographs and production practices.

(3) Foralloys newly developed (Outside the scope of NR216, Ch 9 and for grades not specified in international recognized standards)
the corrosion test on base material is also to be carried out in artificially aged condition (aged at 100°C during seven days).
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Position of the samples and

- . Remarks
direction of the test specimens

Type of test

ASTM G67 (NAMLT test)

Intergranular corrosion test (2) (3 Each product top and bottom
grand @ @) P P Mass loss no greater than 15 mg/cm?

Metallographic examination Section perpendicular to rolled | ASTM B928, Section 9.4.1
taken at 500x (2) (3) surface as per NR216, Ch 9,
Sec 2, [1.11.3].

(1)  For products exceeding 50mm in thickness, another short transverse specimen (specimen axis perpendicular to the surface of the
rolled product) is to be tested.

(2) Applicable only for 5xxx-alloys in the tempers H116 or H321. The manufacturer shall maintain, at the producing facility, all
records relating to the establishment of reference photomicrographs and production practices.

(3) Foralloys newly developed (Outside the scope of NR216, Ch 9 and for grades not specified in international recognized standards)
the corrosion test on base material is also to be carried out in artificially aged condition (aged at 100°C during seven days).

3.7 Weldability tests

3.71 General
Weldability tests are required for plates and are to be carried out on samples of plate (maximum thickness) for alloys newly
developed (Outside the scope of NR216, Ch 9 and for grades not specified in international recognized standards).

3.7.2 Preparation and welding of the test assemblies
One butt weld is to be prepared for each thickness tested.

The welding procedure should be as far as possible in accordance with the normal welding practice used at the yards for the
type of aluminium alloy in question.

The welding parameters including consumables designation and diameter, pre-heating temperature, interpass temperature, heat
input, number of passes, etc. are to be reported.

3.7.3 Type of tests
The relevant tests required in NR216 Materials and Welding, Ch 12, Sec 5 are to be performed as follows:

a) For series 5000 5xxx-alloys, the tensile strength of the test specimen is to be not lower than the specified minimum tensile
strength of the parent metal in the soft condition: O or H111 (see 5.1).

b) For series 6000 6xxx-alloys, the tensile strength of the test specimen is to be not lower than 0,6 times of the specified
minimum tensile strength value of the parent metal.

a) Corrosion tests on as welded samples and welded samples artificially aged at 100°C during 7 days: ASTM G66 (ASSET test)
and ASTM G67 (NAMLT test).

These tests are to be repeated with the surface of the samples slightly machined (about 10% of original thickness material
removed).

a) Stress corrosion tests in marine atmosphere such as bending tests with a yield stress on the tension side up to 90% of heat
affected zone yield strength performed on as welded samples and welded samples artificially aged at 100°C during 7 days.

These tests are to be repeated with the surface of the samples slightly machined (about 10% of original thickness material
removed).

3.8 Other Tests

3.8.1 Additional tests such as fatigue tests may be required in the case of newly developed type of aluminium.
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Section 11 Explosion Bonded Aluminium/Steel
Transition Joints

1 Explosion bonded aluminium/steel transition joints

11 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of explosion bonded aluminium/steel
transition joints for ships.

1.2 Manufacturing process specification

1.2.1 The following information is to be supplied by the manufacturer:

a) Manufacturer’s specification which is to contain following information:
¢ aluminium grades and steel grades used for the manufacture of the joints
¢ dimensions of the joints and thickness of the various layers
¢ guaranteed mechanical properties of the joints.

b) Description of the manufacturing process including inspection points

c) Non destructive tests procedures

d) Recommendations for fitting, welding, cutting, etc

Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

1.3 Documents to be submitted for changing the approval conditions

1.3.1 The manufacturer has to submit to the Society the documents required in [1.2] together with the request of changing the
approval conditions, in case of the following:

a) change of the manufacturing process

b) change of the range of approval (thickness, material grades...).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.4 Approval survey
1.4.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.5 Selection of the test product

1.5.1 For each type of joint to be approved, enough material is to be selected from current production to perform the approval
tests.

1.6 Extent of the approval tests

1.6.1 The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted
by the manufacturer. In particular a reduction of the approval test program may be accepted by the Society taking into account:
a) approval already granted by other Classification Societies and documentation of approval tests performed

b) type of joints to be approved and availability of statistic results of mechanical properties.

On the other hand, an increase of the number of tests may be required in the case of newly developed type of joints.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.
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1.7 Approval tests

1.7.1 The tests to be carried out are indicated in Tab 1.

1.8 Other tests

1.8.1 Additional tests such as corrosion tests may be required in the case of newly developed type of joints, or when deemed

necessary by the Society.

Table 1 : Approval tests

Type of test

Position of the samples and
direction of the test specimens

following tests:

For each product, all the relevant tests required in NR216 Materials

and Welding, Chapter 9 are to be performed in addition to the

Through thickness tensile test

One sample After heating to 320°C during 15 minutes

Bend test

Two samples

180° bending, mandrel diameter agreed on a case by case basis
As bonded and after heating to 320°C during 15 minutes

Through thickness tensile tests
on welded assembly

To be agreed on a case by case basis

Axial fatigue tension to
compression tests

To be agreed on a case by case basis
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Section 12 Anchor Chain Cables and Accessories for
Ships

1 Anchor chain cables and accessories for ships

1.1 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of flash butt-welded or cast anchor chain
cables for ships and associated cast or forged accessories (end link, enlarged link, anchor shackle, joining shackle, Kenter shackle
and swivel).

The approval scheme for other manufacturing process is subjected to case by case consideration.

1.2 Manufacturing process specification

1.21 Flash butt-welded chain cables
The following information is to be supplied by the manufacturer:
a) Steel grade specification for round bars and name and address of suppliers
b) Size range to be approved and drawing of common chain link (including stud details for studlink chains)
c) Description of the manufacturing process with details about:
¢ welding machines
¢ heat treatment furnaces, type, equipment for temperature monitoring and its calibration.
d) Description of quality control during production from raw materials to finished products with inspection points
e) Procedures or instructions for:
¢ heat treatment and associated control
¢ non destructive tests of weld joint and finished links
* type, extent and criteria
¢ non destructive tests of stud weld, as applicable.
Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional

information required by the Society is to be included.

1.2.2 Cast chain cables
The following information is to be supplied by the manufacturer:
a) Steel grade specification, size range and drawing of common chain link
b) Description of steelmaking and casting process
c) Heat treatment furnaces, type, equipment for temperature monitoring and its calibration
d) Description of quality control during production with inspection points
e) Procedures or instructions for:
¢ heat treatment and associated control
¢ non destructive tests of finished links
* type, extent and acceptance criteria.
Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional

information required by the Society is to be included.

1.2.3 Forged accessories
The following information is to be supplied by the manufacturer:

a) Steel grade specification, size range and drawing of each type of accessory

b) Raw materials (ingots, round bars...) suppliers name & address

@)

Description of forging process

)
d) Heat treatment furnaces, type, equipment for temperature monitoring and its calibration
e)

Description of quality control during production from raw materials to finished products with inspection points
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1
f)  Procedures or instructions for:
¢ heat treatment and associated control
¢ non destructive tests of finished products
* type, extent and acceptance criteria.
Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.
1.2.4 Cast accessories
The following information is to be supplied by the manufacturer:
a) Steel grade specification, size range and drawing of each accessory
b) Description of steelmaking and casting process
c) Heat treatment furnaces, type, equipment for temperature monitoring and its calibration
d) Description of quality control during production
e) Procedures or instructions for:
¢ heat treatment and associated control
¢ non destructive tests of finished products
¢ type, extent and criteria.

Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

1.3 Documents to be submitted for changing the approval conditions

1.3.1 The manufacturer has to submit to the Society the documents required in [1.2] together with the request of changing the
approval conditions, in case of the following:

a) change of the manufacturing process

b) change of the range of approval (maximum diameter, steel grade...).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.

1.4 Approval survey
1.4.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at the works, the tests are to be carried out at laboratories accepted by the Society.

1.5 Selection of the test product

1.5.1  Flash butt welded chain cable
One chain length with suitable number of links for the approval tests is to be selected as follows:
e maximum diameter to be approved

¢ the length is to be heat treated using current production equipment and procedures.

1.5.2 Cast chain cable
One chain length with suitable number of links for approval tests is to be selected as follows:
¢ maximum diameter to be approved

¢ the length is to be heat treated using current production equipment and procedures.

1.5.3 Forged or cast accessories
Suitable quantity of each type of accessories is to be selected as follows:
* maximum diameter to be approved

¢ the items are to be heat treated using current production equipment and procedures.
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1.6 Extent of the approval tests

1.6.1 The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted
by the manufacturer. In particular a reduction of the approval test program may be accepted by the Society taking into account
approval already granted by other Classification Societies and documentation of approval tests performed.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.

1.6.2 Flash butt welded chain cable

Each grade and type of chain is to be tested.

Approval for studlink chain cable of any grade may cover approval for studless chain cable of same diameter provided that the
method of manufacture and condition of supply are similar.

Approval for common links may cover approval for enlarged link and end link up to tested diameter provided that the method
of manufacture and condition of supply are similar.

1.6.3 Cast chain cable
Each grade and type of chain is to be tested.

Approval for studlink chain cable of any grade may cover approval for studless chain cable of same diameter provided that the
method of manufacture and condition of supply are similar.

Approval for common links may cover approval for enlarged link and end link up to tested diameter provided that the method
of manufacture and condition of supply are similar.

1.6.4 Forged or cast accessories

Each type of manufacturing process is to tested.

For a type of accessory, approval for any grade of steel may cover approval for lower strength grades provided that the steel type,
method of manufacture and condition of supply are similar.

Each type of accessory is to be tested. However approval for anchor shackle may cover approval for joining shackle up to the
same diameter provided that the method of manufacture and condition of supply are the same.

1.7 Approval tests and documentation

1.7.1  Approval tests for flash butt welded chain cables

In addition to test reports, documentation relative to the manufacturing process parameters of the length tested is to be supplied
and is to include:

¢ heating and hot bending of round bars
¢ welding parameters
¢ stud insertion and all information about stud welding, as applicable

¢ heat treatment.

The tests to be carried out are indicated in Tab 1.

1.7.2 Approval tests for cast chain cables

The tests to be carried out are indicated in Tab 2.

1.7.3 Approval tests for cast or forged accessories

The tests to be carried out are indicated in Tab 3.

1.7.4 Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.2] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to alloy making, casting, and, heat treatment of each tested
product.

When steel is cast in a work other than where the ship chain cables and/or accessories are manufactured, the steelmaker’s
certificate stating the manufacturing process, the grade of steel, the cast number and the relevant ladle analysis is to be provided
for each tested product.
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Table 1 : Approval tests for butt welded chain cables

Type of test

Position of the samples and
direction of the test specimens

Remarks

links (mechanical properties) are to

All the relevant routine tests required in NR216 Materials and Welding, Chap
be performed in addition to the following tests:

ter 10 for chain length (proof test, break tests,...) and for

Chemical analysis

From tensile test specimen

Complete analysis (C, Mn, Si, S, P, N, Cu, Cr, Ni, Mo,
Al, Ti, Nb, V, Sn, As, Sb...)

Tensile test

One specimen clear of the weld
One specimen across the weld
Both taken at 1/3 radius below surface

Impact tests

One set from side opposite to the weld
One set from bent area

One set with notch in the weld

One set with notch in HAZ

At +20°C and 0°C for grade Q1
At +20°C, 0°C and —20°C for grades Q2 and Q3

Bend tests

Two links

Full link to be tested at bending angle 180° (weld seam
in the middle of bent area)

Alternative cross weld bend tests at 180° on 4t mandrel
may be agreed

Macro examination and
hardness tests

Longitudinal section showing the weld

Hardness tests from base metal to weld metal for
quenched and tempered grades

Micro examination

Weld metal
Heat affected zone
Bent area of common link

Magnification 100 and 500

Table 2 : Approval tests for cast chain cable

Type of test

Position of the samples and
direction of the test specimens

Remarks

links (mechanical properties) are to

All the relevant routine tests required in NR216 Materials and Welding, Chap
be performed in addition to the following tests:

ter 10 for chain length (proof test, break tests,...) and for

Chemical analysis

From tensile test specimen

Complete analysis (C, Mn, Si, S, P, N, Cu, Cr, Ni, Mo,
Al Ti, Nb, V, Sn, As, Sb...)

Tensile test

At 1/3 radius below surface

Impact tests

At 1/3 radius below surface

At +20°C and 0°C for grade Q1
At +20°C, 0°C and —20°C for grades Q2 and Q3

Macro examination

Longitudinal section

Hardness tests from base metal to weld metal for
quenched and tempered grades

Micro examination

At 1/3 radius below surface

Magnification 100 and 500

Table 3 : Approval tests for cast or forged accessories

Type of test

Position of the samples and
direction of the test specimens

Remarks

All the relevant routine tests required in NR216 Materials and Welding, Chap
links (mechanical properties) are to be performed in addition to the following tests:

ter 10 for chain length (proof test, break tests,...) and for

Chemical analysis

From tensile test specimen

Complete analysis (C, Mn, Si, S, P, N, Cu, Cr, Ni, Mo,
Al, Ti, Nb, V, Sn, As, Sb...)

Tensile test

At 1/3 radius below surface

On each item of the accessory

Impact tests

At 1/3 radius below surface

On each item of the accessory
At +20°C and 0°C for grade Q1
At +20°C, 0°C and —20°C for grades Q2 and Q3

Macro examination

Longitudinal section

Micro examination

At 1/3 radius below surface

Magnification 100 and 500
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Section 13 Offshore Mooring Chain Cables and
Accessories

1 Offshore mooring chain cables and accessories

11 Scope

1.1.1 This Section gives the scheme for the approval of the manufacturing process of:

¢ offshore mooring chain cables (common stud and studless links, enlarged links, end links, connecting common links like
splice links)

¢ offshore mooring accessories (Kenter shackle, End shackle, Joining shackle, subsea connectors, Swivel, Swivels shackles).

The approval scheme for other manufacturing process is subjected to case-by-case consideration.

1.2 Manufacturing process specification

1.2.1 Chain cables

The following information and relevant documentation are to be submitted together with the request for approval and in addition
to general information as detailed in Sec 1, [1.3]:

a) Steel grade specification for round bars, dimension range, delivery condition, name and address of approved suppliers
(approval of round bars is to be in accordance with Sec 2, [13]).

b) Range to be approved (type of product, grade of steel, dimensions, delivery condition).
c) Drawing of each link with dimensions and dimensions tolerances.
d) Forming process:
¢ bar heating and bending (Method, temperatures, temperature control, frequency of control and recording).

¢ flash welding: Current, force, time and dimensional variables; control, frequency of control and recording of parameters
(platen motion, current as a function time, hydraulic pressure).

¢ maintenance procedure and program for welding machine.
¢ flash removal (method and inspection).
e stud insertion, for stud link chain (method, welding process).
e) Heat treatment procedure:
¢ description of heat treatment facilities: furnace(s) type and capacity, cooling facilities.

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time).

¢ subcontracting the heat treatment, etc.
f)  Proof and break loading:

Description of method/machine means of horizontal support (if applicable), method of measurement and recording.
g) Procedures or instructions for:

e procedure for calibration of furnaces and temperature uniformity surveys in accordance with NR216 Materials and
Welding, Ch 10, Sec 4, [1.3.4].

¢ non-destructive examination procedures, together with acceptance criteria, list of personnel in charge of the non-
destructive testing and their qualification.

¢ surface quality requirement of mooring components.
¢ procedure for removing and replacing defective links without heat treatment of the entire chain.

Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

1.2.2 Forged accessories

The following information and relevant documentation are to be submitted together with the request for approval and in addition
to general information as detailed in Sec 1, [1.3]:

a) Steel grade specification for semi-finished products, dimension range, delivery condition; name of approved suppliers.
b) Range to be approved (type of accessory, grade of steel, dimensions, delivery condition).
c) Drawing of each type of accessory with dimensions and dimensions tolerances.
d) Forming process (for accessories made from rolled bars).
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e) Forging process:

¢ description of forging facilities: forging equipment type and capacity (e.g., presses, hammers, etc.), heat treating furnace(s)
type and capacity used for reheating operations.

¢ description of the forging process: Typical range of hot-forming temperatures and hold times, forging steps with sketches
showing forming of forging from the ingot stage and relevant reduction ratio.

f) Heat treatment procedure:
¢ description of heat treatment facilities: furnace(s) type and capacity, cooling facilities.

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time).

¢ subcontracting the heat treatment, etc.
g) Proof and break loading:

Description of method/machine means of horizontal support (if applicable), method of measurement and recording.
h) Procedures or instructions for:

e procedure for calibration of furnaces and temperature uniformity surveys in accordance with NR216 Materials and
Welding, Ch 10, Sec 4, [1.6.7].

¢ non-destructive examination procedures, together with acceptance criteria, list of personnel in charge of the non-
destructive testing and their qualification.

¢ maintenance procedure and schedule for dies and tooling.

Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

1.2.3 Cast accessories

The following information and relevant documentation are to be submitted together with the request for approval and in addition
to general information as detailed in Sec 1, [1.3]:

a) Range to be approved (steel grade specification, type of accessory, grade of steel, dimensions, delivery condition).
b) Drawing of each type of accessory with dimensions and dimensions tolerances.
¢) Manufacture of the steel and casting process:

¢ production method of original steel: steelmaking, and capacity of furnace(s) or converter(s), raw material used,
deoxidation and alloying practice, vacuum degassing, casting, as applicable.

¢ description of casting facilities: type and capacity of melting furnace(s), casting processes (e.g., investment, centrifugal,
sand castings), molding method, type of sand, binding agent and method of casting.

d) Heat treatment procedure:
e description of heat treatment facilities: furnace(s) type and capacity, cooling facilities.

¢ description of heat treatment cycle(s): loading temperature, heating rate, holding temperature with tolerances and holding
times, cooling details (e.g. medium type, cooling rate, transfer time).

¢ subcontracting the heat treatment, etc.
e) Proof and break loading:

Description of method/machine means of horizontal support (if applicable), method of measurement and recording.
f)  Procedures or instructions for:

e procedure for calibration of furnaces and temperature uniformity surveys in accordance with NR216 Materials and
Welding, Ch 10, Sec 4, [1.6.7].

¢ non-destructive examination procedures, together with acceptance criteria, list of personnel in charge of the non-
destructive testing and their qualification.

Where any part of the manufacturing process is assigned to other companies or other manufacturing plants, additional
information required by the Society is to be included.

1.3 Documents to be submitted for changing the approval conditions

1.3.1 The manufacturer has to submit to the Society the documents required in [1.2] together with the request of changing the
approval conditions, in case of the following:

a) Change of the manufacturing process

b) Change of the range of approval (maximum diameter, steel grade...)

c) Change of the semi-finished products (type, dimensions, suppliers).

However, where the documents are duplicated by the ones at the previous approval for the same type of product, part or all of
the documents may be omitted except the approval test program.
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1.4 Approval survey

1.4.1 The approval tests are to be witnessed by the Surveyor at the manufacturer’s plant and the execution of the plant inspection
in operation may be required by the Surveyor during the visit for the approval.

If the testing facilities are not available at work, the tests are to be carried out at laboratories accepted by the Society.

1.5 Selection of the test product

1.5.1 Chain cable

Each grade is to be individually approved for each bar supplier as per Sec 2, [13].

One chain length with suitable number of links for the approval tests is to be selected as follows:
e maximum diameter to be approved

¢ type of links.

The length is to be heat treated using current production equipment and procedures as per [1.2.1] e).

1.5.2 Forged or cast accessories
Each grade is to be individually approved for each supplier.

The approval will normally be limited to the type of accessory and the designated mooring grade of the material up to the
maximum diameter or thickness.

Qualification of accessory pins to maximum diameters is also required.

The accessories are to be heat treated using current production equipment and procedures as per [1.2.2] h) and/or [1.2.3] d).

1.6 Extent of the approval tests

1.6.1 The extent of the test program is specified in [1.7]; it may be modified on the basis of the preliminary information submitted
by the manufacturer. In particular a reduction of the approval test program may be accepted by the Society taking into account
approval already granted by other Classification Societies and documentation of approval tests performed.

Where the number of tests differs from those shown in [1.7], the program is to be confirmed by the Society before the tests are
carried out.

1.6.2 Chain cable
Each grade and type of chain is to be tested.

Approval for a higher grade does not constitute approval of a lower grade.

1.6.3 Forged or cast accessories

Each grade and type of manufacturing process is to be tested.

Approval for a higher grade does not constitute approval of a lower grade.
Each type of accessory is to be tested.

Approval of accessories with circular section (D type LTM joining shackle) may cover approval for all circular sections up to the
same diameter provided that the method of manufacture and condition of supply are the same.

Approval of accessories with rectangular section (H type LTM joining shackle) may cover approval for all rectangular section up
to the same dimensions provided that the method of manufacture and condition of supply are the same.

1.7 Approval tests

1.7.1  Approval tests for chain cables
The tests to be carried out are indicated in Tab 1 and Tab 2.

1.7.2 Approval tests for cast or forged accessories
The tests to be carried out are indicated in Tab 3 and Tab 4.

1.7.3 Results and records

All the results, which are to comply with the requirements of NR216 Materials and Welding and approved material specification,
are evaluated for the approval; depending on the results, particular limitations or testing conditions, as deemed appropriate, may
be specified in the approval document.

All the information required under [1.2] is to be collected by the manufacturer and put in the technical documentation which
will include all the results of the tests and operation records relevant to bar heating and welding, flash welding, flash removal,
stud insertion (if applicable), forming/forging operations and heat treatment for each tested chain or accessory.

When steel is cast in a work other than where the ship chain cables and/or accessories are manufactured, the steelmaker’s
certificate stating the manufacturing process, the grade of steel, the cast number and the relevant ladle analysis is to be provided
for each tested product (semi-finished product like bloom or ingot, round bar, forged bar).
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Table 1 : Approval tests for chain cables for Initial approval on the particular mooring grade

Type of test Position of the samples'and direction of the Remarks
test specimens
CTOD (1) e For D < 120mm, test piece size According to recognized standards such as
50*25mm BS7448 Part1; EN 1SO 15653:2010
e For D 2120mm, test piece size
80*40mm
e 3 links are to be selected at the weld side
e and 3 links from the opposite side (6
CTOD specimens)
Experimental tests (2) For QR4S and QR5, reports indicated the
results are to be submitted

(1

2

The tests are to be taken at -20°C and the lowest CTOD of each set of 3 specimens shall meet the minimum values indicated in
Table1 of NR216, Ch 10, Sec 4, [1.3.3].

The tests and data may include: fatigue tests, hot ductility tests (no internal flaws are to develop whilst bending in the link forming
temperature range), welding parameter research, heat treatment study, strain age resistance, temper embrittlement study, stress
corrosion cracking (SCC) data and hydrogen embrittlement (HE) study, using low strain test pieces in hydrated environments

Table 2 : Approval tests for chain cables

Type of test Position of the samples'and direction of the Remarks
test specimens
Chemical analysis (1) From tensile test specimen Complete analysis (C, Mn, Si, S, P, N, Cu,
Cr, Ni, Mo, Al, Ti, Nb, V, Sn, As, Sb...)
Grain size determination (2) Surface, 1/3 radius and center of base ASTM E112, or ISO 643
material, HAZ and weld
Tensile test ¢ Longitudinal direction Rerr Ry A5(%), RA(%) are to be reported
* One specimen from side opposite to 3)
the weld
Impact tests e Longitudinal or transverse direction e At 0°C or —20°C for grade QR3 and
* One set from side opposite to the weld QR3S
e One set from bent area e At-20°C for grades QR4, QR4S and
e One set with notch in the weld QR5
Hardness tests For information
Proof load test Entire length of chain Chain shall withstand the proof load
specified in NR216, Ch 10, Sec 4, Tab 5
without fracture and shall not crack in the
flash weld.
Break load test Break test specimen consisting of at least 3 | Each specimen shall be withstanding the
links break load at least 30s specified in NR216,
Ch 10, Sec 4, Tab 5 without fracture and
shall not crack in the flash weld.
Dimensions and dimensional tolerance At least 5% of the links e After proof test.
¢ According to NR216, Ch 10, Sec 4,
(3.2.9]
Entire length of chain, five links ata time | ¢ After proof load test.
¢ Tolerance of the 5 link measurements
indicated in NR216, Ch 10, Sec 4, Tab 5

(M
2
3
@

(5

(6)

Chemical analysis is to comply with the requirements of the approved specification

Austenitic grain size is to be 6 or finer in accordance with ASTM E112 or equivalent grain size index in accordance with ISO 643.
Mechanical properties are to comply with the requirements of the approved specification as per NR216, Ch 10, Sec 4, Tab 3.
NDT report is to be provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance
criteria and statement for results of examination, identification and signature of qualified NDT operator.

MT acceptance criteria: Links shall be free from:

e relevant linear indications exceeding 1,6mm in transverse direction.

¢ relevant linear indications exceeding 3,2mm in longitudinal direction.

¢ relevant non-linear indications exceeding 4,8mm.

Cracks, lack of fusion or gross porosity are not acceptable. If defects are found, testing shall be extended to all stud welds in that length.
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Position of the samples and direction of the

Type of test fest specimens Remarks
Visual examination (4) * 100% of surface After proof load test.
e and 100% Stud welds, if used
Magnetic particles examination (4) (5) * 100% of flash weld area on every link; | ® After proof load test
* 100% of surface on 10% of links e Testingin accordance with ASTM E709
or another recognized standard
(e.g., 1SO 9934)

* Wet continuous fluorescent
* magnetization technique

Magnetic particles examination or Dye 10% Stud welds distributed through the ® MT according to ASTM E1444
penetrant examination (4) (6) length, if used e DP according to ASTM E1417
Ultrasonic examination (4) 100% of flash weld area on every link e After proof load test.

e Testinginaccordance with ASTM E587
or another recognized standard
e PAUT or TOFD may be used

(M
2
3
@

(5

(6)

Chemical analysis is to comply with the requirements of the approved specification

Austenitic grain size is to be 6 or finer in accordance with ASTM E112 or equivalent grain size index in accordance with ISO 643.
Mechanical properties are to comply with the requirements of the approved specification as per NR216, Ch 10, Sec 4, Tab 3.
NDT report is to be provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance
criteria and statement for results of examination, identification and signature of qualified NDT operator.

MT acceptance criteria: Links shall be free from:

¢ relevant linear indications exceeding 1,6mm in transverse direction.

e relevant linear indications exceeding 3,2mm in longitudinal direction.

¢ relevant non-linear indications exceeding 4,8mm.

Cracks, lack of fusion or gross porosity are not acceptable. If defects are found, testing shall be extended to all stud welds in that length.

Table 3 : Approval tests for cast or forged accessories for Initial approval on the particular mooring grade

Type of test Position of the samples.and direction of the Remarks
test specimens
CTOD (1) e Circular geometries: According to recognized standards such as
- for D < 120mm, test piece size BS7448 Part1; EN ISO 15653:2010
50*25mm
- for D 2 120mm, test piece size
80*40mm
e Rectangular geometries:
Test piece is to be a standard 2 x 1 single
edge notched bend specimen of
thickness equal to full thickness of
material to be tested. Sub-sized
specimens can be used subject to
approval of the Society
e Testlocation as per NR216, Ch 10, Sec 4,
Fig 2
Experimental tests (2) For QR4S and QR5, reports indicated the
results are to be submitted
(1) The tests are to be taken at —20°C and the lowest CTOD of each set of 3 specimens shall meet the minimum values indicated in
Table 1 of NR216, Ch 10, Sec 4, [1.6.6].
(2) Thetests and data may include: fatigue tests, hot ductility tests (no internal flaws are to develop whilst bending in the link forming
temperature range), welding parameter research, heat treatment study, strain age resistance, temper embrittlement study, stress
corrosion cracking (SCC) data and hydrogen embrittlement (HE) study, using low strain test pieces in hydrated environments.
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Table 4 :

Approval tests for cast or forged accessories

Type of test

Position of the samples and direction of the
test specimens

Remarks

Chemical analysis (1)

Ladle analysis

Complete analysis (C, Mn, Si, S, P, N, Cu,
Cr, Ni, Mo, Al, Ti, Nb, V, Sn, As, Sb...)

Grain size determination (2)

e For circular section: at1/3 radius;
e For non- circular sections: at 1/4

ASTM E112, or ISO 643

Tensile test

e For circular section: at1/3 radius;
e For non- circular sections: at 1/4t

Rers Roy A5(%), RA(%) are to be reported
(&)

Impact tests

e For circular section: at1/3 radius;
e For non- circular sections: at 1/4t

e At 0°C or —20°C for grade QR3 and
QR3S

e At-20°C for grades QR4, QR4S and
QR5

Hardness tests

For information

Hydrogen embrittlement (6)

Test specimen (i.e., tensile test) is to be
taken at central region

Only for grade QR3S, QR4, QR4S and
QR5

Proof load test

All accessories

Proof load test specified for the
corresponding stud link chain in NR216,
Ch 10, Sec 4, Tab 5 without fractures or
cracks

Break load test

At least one accessory out of every batch or
every 25 accessories

Each specimen shall be withstanding the
break load at least 30s specified for the
corresponding stud link chain in NR216,
Ch 10, Sec 4, Tab 5 without fracture or
cracks

Dimensions and dimensional tolerances

At least one accessory out of 25

e After proof test
e According to NR216, Ch 10, Sec 4,
[5.3.2]

Visual examination (4)

100% of surface

After proof load test.

Magnetic particles examination (4) (5)

100% of surface

e After proof load test

e MT according to EN 10228-1, ASTM
A275, using wet continuous
magnetization technique or equivalent
standards such as I1SO 4986, IACS
Rec.69.

Ultrasonic examination (4)

100% of forged accessories

e After proof load test
e Testingin accordance with EN 10228-3,
ASTM A388, ISO 15588.

(1) Chemical analysis is to comply with the requirements of the approved specification
(2) Austenitic grain size is to be 6 or finer in accordance with ASTM E112 or equivalent grain size index in accordance with ISO 643.
(3) Mechanical properties are to comply with the requirements of the approved specification as per NR216, Ch 10, Sec 4, Tab 3.
(4) NDT report is to be provided and shall include: reference to a testing standard and procedure, extent of testing, acceptance
criteria and statement for results of examination, identification and signature of qualified NDT operator.
(5) MT acceptance criteria: Links shall be free from:
¢ relevant linear indications exceeding 1,6mm in transverse direction.
¢ relevant linear indications exceeding 3,2mm in longitudinal direction.
¢ relevant non-linear indications exceeding 4,8mm.
(6) Test condition according to NR216, Ch 10, Sec 4, [2.3.5] —b)
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Appendix 1 Evaluation of K,

1 Evaluation
1.1

1.1.1 The straight-line approximation of Arrhenius plot for valid K., data by interpolation method are to comply with either the
following (a) or (b):

a) The evaluation temperature of K, (i.e. =10°C) is located between the upper and lower limits of the arrest temperature, with

the K, corresponding to the evaluation temperature not lower than the required K, (e.g. 6000 N/mm?*2 or 8000 N/mm?/2), as
shown in Fig 1.

Figure 1 : Example for evaluation of K, at —10°C

-10°C
10000
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_ O
t
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£
!8

1000

3 35 4 45 5
1000/T (1/K)

b) The temperature corresponding to the required K, (e.g. 6000 N/mm>2 or 8000 N/mm??) is located between the upper and
lower limits of the arrest temperature, with the temperature corresponding to the required K., not higher than the evaluation
temperature (i.e. —10°C), as shown in Fig 2.

If both of (a) and (b) above are not satisfied, conduct additional tests to satisfy this condition.

Figure 2 : Example for evaluation of temperature corresponding to the required K,

-10°C
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~
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O
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Appendix 2 Crack Arrest Temperature (CAT) Test

Symbols

t : Test specimen thickness, in mm

L : Test specimen length, in mm

w : Test specimen width, in mm

EWN : Machined notch length on specimen edge, in mm

Lsg : Side groove length on side surface from the specimen edge, in mm. Ly is defined as a groove length with constant
depth except a curved section in depth at side groove end

dsg : Side groove depth in section with constant depth, in mm

Les—min © Minimum length between specimen edge and electron beam re-melting zone front, in mm

Legg1, 2 ©  Length between specimen edge and electron beam re-melting zone front appeared on both specimen side surfaces,
in mm

Lirg . Local temperature gradient zone length for brittle crack runway, in mm

et :  Arrested crack length, in mm

Tugee  © Target test temperature, in °C

Trest : Defined test temperature, in °C

T.est © Target test temperature at which valid brittle crack arrest behaviour is observed, in °C

c : Applied test stress at cross section of W t, in N/mm?

SMYS : Specified minimum yield strength of the tested steel grade to be approved, in N/mm?

CAT : Crack arrest temperature, the lowest temperature, T,., at which running brittle crack is arrested, in °C.

1 Scope of application

11
1.1.1 This Appendix is to be applied according to the scope defined in NR216, Ch 3, Sec 4.

1.1.2 This Appendix specifies the requirements for test procedures and test conditions when using the isothermal crack arrest
test to determine a valid test result under isothermal conditions and in order to establish the crack arrest temperature (CAT). This
Appendix is applicable to steels with thickness over 50mm and not greater than 100 mm

1.1.3 This method uses an isothermal temperature in the test specimen being evaluated. Unless otherwise specified in this
Appendix, the other test parameters are to be in accordance with I1SO 20064-2019.

1.1.4 NR216, Ch 3, Sec 4, Tab 5 gives the relevant requirements for the brittle crack arrest property described by the crack arrest
temperature (CAT).

1.1.5 The manufacturer is to submit the test procedure to the Society for review prior to testing.
2 Testing equipment

21

2.1.1 The test equipment to be used is to be of the hydraulic type of sufficient capacity to provide a tensile load equivalent to
2/3 of SMYS of the steel grade to be approved.

2.1.2 The temperature control system is to be equipped to maintain the temperature in the specified region of the specimen
within £ 2°C from T,z

2.1.3 Methods for initiating the brittle crack may be of drop weight type, air gun type or double tension tab plate type.

2.1.4 The detailed requirements for testing equipment are to be in accordance with 1SO 20064:2019.

3 Test specimens

3.1 Impact type crack initiation

3.1.1 Test specimens are to be in accordance with ISO 20064:2019, unless otherwise specified in this Appendix.
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3.1.2 Specimen dimensions are shown in Fig 1. The test specimen width, W shall be 500 mm. The test specimen length, L shall
be equal to or greater than 500 mm.

3.1.3 V-shape notch for brittle crack initiation is machined on the specimen edge of the impact side. The whole machined notch
length shall be equal to 29 mm with a tolerance range of £ 1 mm.

3.1.4 Requirements for side grooves are described in [3.4].

Figure 1 : Test specimen dimensions for an impact type specimen
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Saw cut notch radius may be machined in the range 0,1 mmR and 1 mmR in order to control a brittle crack initiation at test.

3.2 Double tension type crack initiation

3.2.1 Reference shall be made to Annex D in ISO 20064:2019 for the shape and sizes in secondary loading tab and secondary
loading method for brittle crack initiation.

3.2.2 In a double tension type test, the secondary loading tab plate may be subject to further cooling to enhance an easy brittle
crack initiation.

3.3 Embrittled zone setting

3.3.1 An embrittled zone shall be applied to ensure the initiation of a running brittle crack. Either Electron Beam Welding (EBW)
or Local Temperature Gradient (LTG) may be adopted to facilitate the embrittled zone.

3.3.2 In EBW embrittlement, electron beam welding is applied along the expected initial crack propagation path, which is the
centre line of the specimen in front of the machined V- notch.

3.3.3 The complete penetration through the specimen thickness is required along the embrittled zone. One side EBW
penetration is preferable, but dual sides EB penetration may be also adopted when the EBW power is not enough to achieve the
complete penetration by one side EBW.

3.3.4 The EBW embrittlement is recommended to be prepared before specimen contour machining.

3.3.5 In EBW embrittlement, zone shall be of an appropriate quality.

Note 1: EBW occasionally behaves in an un-stable manner at start and end points. EBW line is recommended to start from the embrittled zone
tip side to the specimen edge with an increasing power control or go/return manner at start point to keep the stable EBW.

3.3.6 In LTG system, the specified local temperature gradient between machined notch tip and isothermal test region is regulated
after isothermal temperature control. LTG temperature control is to be achieved just before brittle crack initiation, nevertheless
the steady temperature gradient through the thickness shall be ensured.

3.4 Side grooves

3.4.1 Side grooves on side surface can be machined along the embrittled zone to keep brittle crack propagation straight. Side
grooves shall be machined in the specified cases as specified in this section.

3.4.2 In EBW embrittlement, side grooves are not necessarily mandatory. Use of EBW avoids the shear lips. However, when
shear lips are evident on the fractured specimen, e.g. shear lips over T mm in thickness in either side then side grooves should
be machined to suppress the shear lips.

3.4.3 In LTG embrittlement, side grooves are mandatory. Side grooves with the same shape and size shall be machined on both
side surfaces.
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I
3.4.4 The length of side groove, Ly shall be no shorter than the sum of the required embrittled zone length.

3.4.5 When side grooves would be introduced, the side groove depth, the tip radius and the open angle are not regulated, but
are adequately selected in order to avoid any shear lips over T mm thickness in either side. An example of side groove dimensions
are shown in Fig 2.

3.4.6 Side groove end shall be machined to make a groove depth gradually shallow with a curvature larger than or equal to
groove depth, dsc. Side groove length, Ly is defined as a groove length with constant depth except a curved section in depth at
side groove end.

Figure 2 : Side groove configuration and dimensions
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3.5 Nominal length of embrittled zone
3.5.1 The length of embrittled zone shall be at least 150 mm.

3.5.2 EBW zone length is regulated by three measurements on the fracture surface after test as shown in Fig 3, Lgg_mni, between
specimen edge and EBW front line, and Lgg_; and Lgg_g,.

3.5.3 The minimum length between specimen edge and EBW front line, Lgs_pi, should be no smaller than 150 mm. However, it
can be acceptable even if Lgg_p;, is no smaller than 150 mm — 0,2 t, where t is specimen thickness. When Lgg_;, is smaller than

150 mm, a temperature safety margin shall be considered into T, (See [7.1.2]).

3.5.4 Another two are the lengths between specimen edge and EBW front appeared on both side surfaces, as denoted with Lgz_;
and Lg_,. Both of Lgg_; and Lgs_, shall be no smaller than 150 mm.

3.5.5 In LTG system, Ly is set as 150 mm.

Figure 3 : Definition of EBW length
(1) No side groove (2) With side groove
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3.6 Tab plate/pin chuck details and welding of test specimen to tab plates

3.6.1 The configuration and size of tab plates and pin chucks shall be referred to 1ISO 20064:2019. The welding distortion in the
integrated specimen, which is welded with specimen, tab plates and pin chucks, shall be also within the requirement in ISO
20064:2019.
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4 Test method

4.1 Preloading

4.1.1 Preloading at room temperature can be applied to avoid unexpected brittle crack initiation at test. The applied load value
shall be no greater than the test stress. Preloading can be applied at higher temperature than ambient temperature when brittle
crack initiation is expected at preloading process. However, the specimen shall not be subjected to temperature higher than
100°C.

4.2 Temperature measurement and control
4.2.1 Temperature control plan showing the number and position of thermocouples is to be in accordance with this section.

4.2.2 Thermocouples are to be attached to both sides of the test specimen at a maximum interval of 50 mm in the whole width
and in the longitudinal direction at the test specimen centre position (0,5 W) within the range of 100 mm from the centreline
in the longitudinal direction, refer to Fig 4.

4.2.3 For EBW embrittlement

a) The temperatures of the thermocouples across the range of 0,3W~0,7W in both width and longitudinal directions are to be
controlled within + 2°C of the target test temperature, Ty ger.

b) When all measured temperatures across the range of 0,3W~0,7W have reached Ty, steady temperature control shall be
kept at least for 10 + 0,1 t (mm) minutes to ensure a uniform temperature distribution into mid-thickness prior to applying
test load.

¢) The machined notch tip can be locally cooled to easily initiate brittle crack. Nevertheless, the local cooling shall not disturb
the steady temperature control across the range of 0,3W~0,7W.

4.2.4 For LTG embrittlement:

a) InLTG system, in addition to the temperature measurements shown in Fig 4, the additional temperature measurement at the
machine notch tip, A, and By is required. Thermocouples positions within LTG zone are shown in Fig 5.

b) The temperatures of the thermocouples across the range of 0,3W~0,7W in both width and longitudinal directions are to be
controlled within + 2°C of the target test temperature, T,,... However, the temperature measurement at 0,3W (location of A,
and B,) shall be in accordance with item f) below.

c) Once the all measured temperatures across the range of 0,3W~0,7W have reached T, steady temperature control shall
be kept at least for 10 + 0,1 t (mm) minutes to ensure a uniform temperature distribution into mid-thickness, then the test load
is applied.

d) LTG is controlled by local cooling around the machined notch tip. LTG profile shall be recorded by the temperature
measurements from A, to A; shown in Fig 6.

e) LTG zone is established by temperature gradients in three zones, Zone I, Zone Il and Zone Ill. The acceptable range for each
temperature gradient is listed Tab 1.

f)  Temperature measurements at A, B, and A;, B; shall be satisfied the following requirements:
T at Ay, T at By < e — 2°C
TatA,<TatA;-5°C
TatB, < TatB;-5°C

g) No requirements for T at A; and T at A, temperatures when T at A; and T at A, satisfy the requirements above. Face B is the
same.

h) The temperatures from A, B, to A;, B; should be decided at test planning stage refer to Tab 1 which gives the recommended
temperature gradients in three zones, Zone |, Zone Il and Zone Ill in LTG zone.

i) The temperature profile in LTG zone mentioned above shall be ensured after holding time at least for 10 + 0,1 t (mm) minutes
to ensure a uniform temperature distribution into mid-thickness before brittle crack initiation.

j)  The acceptance of LTG in the test shall be decided from Tab 1 based on the measured temperatures from A, to A;.
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Figure 4 : Locations of temperature measurement
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Figure 5 : Detail of LTG zone and additional thermocouple A,
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Figure 6 : Schematic temperature gradient profile in LTG zone
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Table 1 : Acceptable LTG range

Zone Locatign from edge, Acceptable range of temperature gradient,
in mm in °C/mm
Zone | 29 -50 2,00 -2,30
Zone I 50-100 0,25-0,60
Zone Il (1) 100 - 150 0,10-0,20
(1) The Zone IlI arrangement is mandatory

4.2.5 For double tension type crack initiation specimen:

Temperature control and holding time at steady state shall be the same as the case of EBW embrittlement specified in [4.2.3] or
the case of LTG embrittlement specified in [4.2.4].

4.3 Loading and brittle crack initiation
4.3.1 Prior to testing, a target test temperature (T, shall be selected.

4.3.2 Test procedures are to be in accordance with ISO 20064:2019 except that the applied stress is to be 2/3 of SMYS of the
steel grade tested.

4.3.3 The test load shall be held at the test target load or higher for a minimum of 30 seconds prior to crack initiation.

4.3.4 Brittle crack can be initiated by impact or secondary tab plate tension after all of the temperature measurements and the
applied force are recorded.

5 Measurements after test and test validation judgement

5.1 Brittle crack initiation and validation

5.1.1 If brittle crack spontaneously initiates before the test force is achieved or the specified hold time at the test force is not
achieved, the test shall be invalid.

5.1.2 If brittle crack spontaneously initiates without impact or secondary tab tension but after the specified time at the test force

is achieved, the test is considered as a valid initiation. The following validation judgments of crack path and fracture appearance
shall be examined.

5.2 Crack path examination and validation

5.2.1 When brittle crack path in embrittled zone deviates from EBW line or side groove in LTG system due to crack deflection
and/or crack branching, the test shall be considered as invalid.

5.2.2 All of the crack path from embrittled zone end shall be within the range shown in Fig 7. If not, the test shall be considered
as invalid.

Figure 7 : Allowable range of main crack propagation path
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5.3 Fracture surface examination, crack length measurement and their validation

5.3.1 Fracture surface shall be observed and examined. The crack “initiation” and “propagation” are to be checked for validity
and judgements recorded. The crack “arrest” positions are to be measured and recorded.

5.3.2 When crack initiation trigger point is clearly detected at side groove root, other than the V-notch tip, the test shall be
invalid.

5.3.3 In EBW embrittlement setting, EBW zone length is quantified by three measurements of Lgg_;, Lggs, and Legg_min, Which are
defined in [3.5]. When either or both of Lg;_;and Ly, are smaller than 150 mm, the test shall be invalid. When Lgg_,.,,, is smaller
than 150 mm - 0,2 t, the test shall be invalid.

5.3.4 When the shear lip with thickness over Tmm in either side near side surfaces of embrittled zone are visibly observed
independent of the specimens with or without side grooves, the test shall be invalid.

5.3.5 In EBW embrittlement setting, the penetration of brittle crack beyond the EBW front line shall be visually examined. When
any brittle fracture appearance area continued from the EB front line is not detected, the test shall be invalid.

5.3.6 The weld defects in EBW embrittled zone shall be visually examined. If detected, it shall be quantified. A projecting length
of defect on the thickness line through EB weld region along brittle crack path shall be measured, and the total occupation ratio
of the projected defect part to the total thickness is defined as defect line fraction (See Fig 8). When the defects line fraction is
larger than 10%, the test shall be invalid.

5.3.7 In EBW embrittlement by dual sides’ penetration, a gap on embrittled zone fracture surface which is induced by miss
meeting of dual fusion lines is visibly detected at an overlapped line of dual side penetration, the test shall be invalid.

Figure 8 : Counting procedure of defect line fraction
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6 Judgement of “arrest” or “propagate”

6.1

"o

6.1.1 The final test judgment of “arrest”, “propagate” or “invalid” is decided by the following requirements of [6.1.2] through
[6.1.6].

6.1.2 If initiated brittle crack is arrested and the tested specimen is not broken into two pieces, the fracture surfaces should be
exposed with the procedures specified in ISO 20064:2019.

6.1.3 When the specimen was not broken into two pieces during testing, the arrested crack length, a,. shall be measured on
the fractured surfaces. The length from the specimen edge of impact side to the arrested crack tip (the longest position) is defined
as aarrest'

6.1.4 For LTG and EBW, a,. shall be greater than LLTG and Lgg_;, Leg_s> OF Leg_min- If NOL, the test shall be considered as invalid.

6.1.5 Even when the specimen was broken into two pieces during testing, it can be considered as “arrest” when brittle crack re-
initiation is clearly evident. Even in the fracture surface all occupied by brittle fracture, when a part of brittle crack surface from
embrittled zone is continuously surrounded by thin ductile tear line, the test can be judged as re-initiation behaviour. If so, the
maximum crack length of the part surrounded tear line can be measured as a,.q. If re-initiation is not visibly evident, the test is
judged as “propagate”.

6.1.6 The test is judged as “arrest” when the value of a,,. is no greater than 0,7W. If not, the test is judged as “propagate”.
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7  Tiests Tarest and CAT determination

71 T determination

7.1.1 It shall be ensured on the thermocouple measured record that all temperature measurements across the range of
0,3W~0,7W in both width and longitudinal direction are in the range of T, + 2°C at brittle crack initiation. If not, the test shall
be invalid. However, the temperature measurement at 0,3W (location of A; and Bs) in LTG system shall be exempted from this
requirement.

7.1.2 If LEg ,y, in EBW embrittlement is no smaller than 150 mm, T can be defined to equal with T, 4. If not, T, shall be
equaled with Ty, + 5°C.

7.1.3 In LTG embrittlement, T, can be equaled with T

7.1.4 The final arrest judgment at T, is concluded by at least two tests at the same test condition which are judged as “arrest”.

7.2 T, determination

7.2.1 When at least repeated two “arrest” tests appear at the same T, brittle crack arrest behaviour at Ty, will be decided
(Tarest = Trarged- When a “propagate” test result is included in the multiple test results at the same Ty, ge;, the Tyygee Cannot to be
decided as T,;,qq-

7.3 CAT determination

7.3.1 When CAT is determined, one “propagate” test is needed in addition to two “arrest” tests. The target test temperature, Tyyge
for “propagate” test is recommended to select 5°C lower than T,y The minimum temperature of T, is determined as CAT.

7.3.2 With only the “arrest” tests, without “propagation” test, it is decided only that CAT is lower than T, in the two “arrest”
tests, i.e. not deterministic CAT.

8 Reporting

8.1

8.1.1 The following items are to be reported:
a) Test material:
grade and thickness
b) Test machine capacity
c) Test specimen dimensions:
thickness t, width W and length L, notch details and length ayy, side groove details if machined
d) Embrittled zone type:
EBW or LTG embrittlement
e) Integrated specimen dimensions:

tab plate thickness, tab plate width, integrated specimen unit length including the tab plates, and distance between the
loading pins, angular distortion and linear misalignment

f) Brittle crack trigger information:

impact type or double tension. If impact type, drop weight type or air gun type, and applied impact energy
g) Test conditions; Applied load; preload stress, test stress:

judgements for preload stress limit, hold time requirement under steady test stress
h) Test temperature:

complete temperature records with thermocouple positions for measured temperatures (figure and/or table) and target test
temperature:

¢ judgements for temperature scatter limit in isothermal region

¢ judgement for local temperature gradient requirements and holding time requirement after steady local temperature
gradient before brittle crack trigger, if LTG system is used

i) Crack path and fracture surface: tested specimen photos showing fracture surfaces on both sides and crack path side view;
Mark at “embrittled zone tip” and “arrest” positions

e judgment for crack path requirement
¢ judgment for cleavage trigger location (whether side groove edge or V-notch edge)
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9

9.1

Embrittled zone information:
e when EBW is used: Lg_¢;, Leg—r and Lgg_min:
- judgement for shear lip thickness requirement
- judgment whether brittle fracture appearance area continues from the EBW front line
- judgement for EBW defects requirement
- judgement for EBW lengths, Lgg_;, Les—so and Lgg_min requirements
e when LTG is used: LLTG
judgment for shear lip thickness requirement
Test results:
¢ when the specimen did not break into two pieces after brittle crack trigger, arrested crack length a, ey
¢ when the specimen broke into two pieces after brittle crack trigger:
judgement whether brittle crack re-initiation or not
If so, arrested crack length a,es:
¢ judgement for a,,. in the valid range
(0,3W < a,eq < 0,7W)
¢ final judgement either “arrest”, “propagate” or “invalid”
Dynamic measurement results:
history of crack propagation velocity, and strain change at pin chucks, if needed.

Use of test for material qualification testing

9.1.1 Where required, the method can also be used for determining the lowest temperature at which a steel can arrest a running
brittle crack (the determined CAT) as the material property characteristic in accordance with [7.3].
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Appendix 3 Approval Scheme of Small-scale Test
Methods for Brittle Crack Arrest Steels

1 Scope

1.1

1.1.1 This Appendix is to be applied according to the scope defined in NR216, Ch 3, Sec 4.

This Appendix specifies the approval scheme of small-scale test methods which are used for product testing (batch release testing)
of crack arrest steels specified in NR216, Ch 3, Sec 4, Tab 5.

1.1.2 Unless otherwise specified in this Appendix, the requirements given in Sec 2, [6] are to be followed.

2 Approval application

21

2.1.1 The following information are to be supplied by the Manufacturer:
a) Application for approval of small-scale test procedure specification
b) Small-scale test procedure specification including the following items:
¢ applicable material grades, thickness range, deoxidation practice, heat treatment, etc.
¢ types and methods of small-scale tests
¢ sampling positions in plate thickness direction and final rolling direction of test specimens
¢ size and dimension of test specimens
¢ number of test specimens
e test conditions, such as test temperature
® acceptance criterion
¢ example of format of test report
e example of product inspection certificate including small-scale test results
¢ handling of the products when small-scale test results do not satisfy the criterion.
¢) Mechanism of achieving the crack arrest properties.

d) Technical background for enabling the evaluation of crack arrest properties by small-scale test methods considering the
mechanism specified in above item c).

e) Procedure of the evaluation for the crack arrest properties by small-scale test results.

f) Data records which validate the correlation between small-scale test results and the large crack arrest test results of crack
arrest steels whose number can satisfy the requirement for minimum data number given in [3.3].

g) Proposed test plan for approval.
2.1.2 Small-scale test procedure specification is to be prepared in accordance with Article [3].

2.1.3 Where the manufacturer proposes to change any part of the approved small-scale test procedure specification, then the
manufacturer is to submit to the Society the documents which can cover all items specified in [2.1.1].

2.1.4 The documents confirming the reason for the change shall be submitted to identify the impact of those changes on the
existing procedure, and the proposed actions to address any such impacts.
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3 Procedure specification for small-scale testing

3.1 General

3.1.1 Small-scale test methods are to be determined based on the manufacturer's own technical philosophy with regard to
achieving the crack arrest properties of crack arrest steels. The description of an appropriate correlation between large scale crack
arrest properties and small-scale test results shall be provided. The acceptance criterion of the small-scale tests are to be
determined, based on the followings:

¢ mechanism of achieving the suitable crack arrest properties

¢ sampling position and direction

e frequency of sampling

¢ small-scale test methodology

¢ demonstrated correlation between crack arrest test results and small-scale test results

¢ derivation of small scale testing acceptance criterion based on the statistical analysis.

3.1.2 The manufacture shall prepare the small-scale test procedure specification in accordance with [3.2] to [3.5].

3.2 Types and methods of testing

3.2.1 Types, methods, dimension and positions as well as direction of test specimens, etc. of small-scale tests are to be specified
by the manufacturer, and approved in accordance with this Appendix.

3.2.2 In general, the test method should reproduce the crack initiation, propagation and arrest feature by such as the following
test method:

e combination of test methods, e.g. NRL drop weight test and V-notch Charpy impact test

¢ one test method, e.g. press-notch Charpy impact test or side-section drop weight test.

3.2.3 In general, crack arrest properties of crack arrest steels are to be predicted using a regression equation on the relationship
between small scale test result (e.g., transition temperature obtained by small scale tests) and large scale crack arrest test result
(e.g., K., or temperature corresponding to the specific crack arrest properties).

Other approaches can be used subject to the approval of the Society.

Note 1: Tab 1 to Tab 3 give the examples of small scale test methods.

3.2.4 The manufacturer shall confirm the applicability of these test methods to their crack arrest steels theoretically taking into
account the methodology of test methods, their own mechanism of achieving the crack arrest properties, and sampling positions
of test specimens (See [3.1.1]) and the technical background (See [2.1.1] d)).

3.3 Testing data

3.3.1 Selection of test plates
Crack arrest tests and small-scale tests are to be conducted for each grade (including all suffixes) of crack arrest steels.

Crack arrest tests and small-scale tests are to be carried out on at least 12 test plates.
Note 1: "One test plate" means rolled unit as defined in NR216,Ch 1,Sec 1,[3.3.3].

In order to ensure appropriate correlation between small-scale test results and crack arrest properties with various manufacturing
conditions of steel plates, the steel plates shall be representative for each combination of thickness range and heat sample to
include:

¢ the intended maximum and minimum plate thickness

o different heats are to be chosen for each thickness.

The above test plates are to include a fixed number of steel plate(s) whose crack arrest properties (i.e. crack arrest test results) do
not comply with the requirements specified in NR216, Ch 3, Sec 4, Tab 5. Such a number is to be at least one, but not exceeding
one quarter of all test plates. Manufacturing process of these test plates can be different (or intentionally altered from the approved
manufacturing process) from that of the crack arrest steels to which the small-scale test method is applied. It is recommended
that the strength grade of these test plates (non-compliant with the relevant requirements of crack arrest properties) are similar to
that of the crack arrest steels.

Where the manufacturer has requested approval for only a single thickness, the thickness of test plates can be only a single
thickness. In this case, at least four steel plates for each combination of thickness (single thickness) and heats (three different
heats) is to be used, and the applicable thickness of the small scale test is only that single thickness condition.

Crack arrest test specimens and small-scale test specimens are to be taken from the same test plate.
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A decrease of the total number of test plates may be accepted by the Society in the following cases:

a) When the manufacturer applies a small-scale test procedure specification to multiple material grades, and the manufacturing
process and mechanism to ensure the crack arrest properties of these different material grades are the same.

b) When a small-scale test procedure specification is already approved by the Society for one or some material grades, and the
manufacturer applies similar small-scale test procedure specification to the other material grade(s), and the manufacturing
process and mechanism to ensure the crack arrest properties of these different material grades are same.

3.3.2 Crack arrest tests

Crack arrest tests are to be carried out for each test plate in accordance with Sec 2, [6.6].
Where crack arrest tests are carried out for evaluation of K,, K, is to be obtained in accordance with Sec 2, [6.6.2].

Where crack arrest tests are carried out for evaluation of CAT, deterministic (actual) CAT is to be obtained in accordance with
App 2, [7.3].

3.3.3 Small-scale tests

Small-scale tests are to be carried out in accordance with small-scale test procedure specification to be approved for each test
plate.

In general, the test specimens of small-scale tests are to be taken with their longitudinal axis parallel to the final rolling direction
of the test plates.

The test specimens of small-scale tests are to be taken from the specified positions in plate thickness direction of the test plates,
as given in Tab 1, Tab 2 and Tab 3.

3.4 Validation of Correlation

3.4.1 A regression equation on the relationship between crack arrest property obtained from crack arrest test and single or
multiple small-scale test results is to be established. For crack arrest properties, a specific temperature (e.g., Tycas000 in CAST,
Tkeasooo in CAS2 or CAT) or the K, value at —10°C may be used.

3.4.2 The validity of the regression equation shall be examined to predict crack arrest properties with enough accuracy. The
correlation in crack arrest properties between the calculated values from small scale tests and the crack arrest test results shall
be assured by using the value of twice the standard deviation (26). When using temperature for crack arrest property, 26 shall
not be greater than 20°C. In other cases (e.g., K., value at =10°C), an upper limit of 2c shall be established with the agreement
of the Society.

Note 1: Calculation procedure of the standard deviation (0) is given as follows:

1 " 2
(N_T)Z(Yi_xi)

o =
i=1

n : Number of test plates

Yi . Crack arrest property obtained from crack arrest test for one test plate

Xi : Crack arrest property estimated from small scale tests for one test plate.

3.5 Acceptance criterion

3.5.1 Acceptance criterion of crack arrest steels by the small-scale tests is to be proposed by the manufacturer based on the
regression equation which is assured in the correlation with crack arrest properties in [3.4]. The criterion is to be determined so
that regression equation can predict crack arrest properties on safety side, considering the scatter of crack arrest properties from
the predicted value by the regression equation.

3.5.2 Unless otherwise agreed by the Society, an acceptance criterion of small-scale tests is to be determined by following
procedures:
a) For correlation by means of temperature

1) The required temperature (see Fig 1) is obtained by subtracting 26 (°C) from the crack arrest steel specification in Tab 3,
that is —=10-20 (°C), where 20 is given in [3.4.2].

T6000 and Ty,8000 in Fig 1 are the temperatures at which the K, value of steel plates equals 6,000 N/mm?3? and 8,000
N/mm?3?, respectively.

2) The temperature predicted from the small-scale test results through the regression equation shall be no higher than the
value of —10-26(°C).
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Figure 1 : Example for determination of acceptance criterion of small-scale test for
correlation by means of temperature
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Note 1: This is only a schematic and may not represent the actual data obtained.

b) For correlation by means of crack arrest toughness (K.,):

1) The required K, (see Fig 2) is obtained by adding 26 (N/mm?>?) to the crack arrest steel specification in NR216, Ch 3,
Sec 4, Tab 5, that is either 6,000+26(N/mm?3?2) for CAS1 or 8,000+26(N/mm?>?) for CAS2, where 26 is given in [3.4.2].

2) The K, value predicted from the small-scale test results through the regression equation shall be no smaller than the value

of 6000+20(N/mm?>?2) for CAS1, or 8000+26(N/mm?3?2) for CAS2.

Figure 2 : Example for determination of acceptance criterion of small-scale test for
correlation by means of crack arrest toughness (K.,)
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Note 2: This is only a schematic and may not represent the actual data obtained.

4 Approval tests

4.1 General

4.1.1 In order to confirm the validity of the submitted technical documents specified in [2.1.1], approval tests are to be carried
out.

4.1.2 Approval test plan is to be approved by the Society prior to testing.
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4.1.3 Considering the contents of the submitted technical documents specified in [2.1.1], the Society may require additional
tests in the following cases:

a) When the Society determines that the number of crack arrest tests or small-scale tests is too few to adequately confirm the
validity of the acceptance criterion of small-scale tests (see [3.3.1])

b) When the Society determines that the testing data obtained for setting the acceptance criterion of small-scale tests varies too
widely (see [3.4.2]), or that the data is clustered producing a biased correlation curve

c) When the Society determines that the validity of crack arrest test results or small-scale test results for setting the acceptance
criterion of small-scale tests is insufficient, or has some flaws during tests and/or for test results (see [3.3.2]), and

d) Others as deemed necessary by the Society.

4.2 Extent of the approval tests

4.2.1 Extent of the approval tests is to be in accordance with Sec 2, [6.4].

4.3 Type of tests

4.3.1 Crack arrest tests
Crack arrest tests are to be carried out in accordance with Sec 2, [6.6].

Where crack arrest tests are carried out for evaluation of K,, K, at a specific temperature (T,6000 or T,8000) is to be obtained
in accordance with Sec 2, [6.6.2].

Where brittle crack arrest tests are carried out for evaluation of CAT, deterministic CAT is to be obtained in accordance with App 2, [7.3].

4.3.2 Small-scale tests
Small-scale tests are to be carried out in accordance with [3.3.3].

5 Results

5.1

5.1.1 Results of test items and the procedures shall comply with the test program approved by the Society.

5.1.2 For the crack arrest test results, the manufacturer is to submit to the Society the crack arrest test reports in accordance with
Sec 2, [6.6.2] for K, and Sec 2, [6.6.4] for CAT.

5.1.3 For small-scale test results, the manufacturer is to submit to the Society the small-scale test reports in accordance with the
example of format of test reports as specified in [2.1.1] b).

6 Approval

6.1

6.1.1 Upon satisfactory completion of the survey and tests, and satisfactory confirmation of the submitted technical documents,
the approval for small scale test procedure specification is granted by the Society.

Table 1 : Example of small-scale test method using NRL drop weight test and
V-notch Charpy impact test (Informative)

Test type NRL drop weight test and V-notch Charpy impact test
Standard ASTM E208:2020 and ISO 148-1:2016
Sampling positions of test specimens NRL drop weight test: at surface

V-notch charpy impact test: 1/4 of thickness

Length direction of test specimen Parallel to the final rolling direction of test plate

Regression equation il
13

Tew = 0 (NDTT+10)+B - T, + 153(t-5)" - 170, 5

Tkea : Temperature at K, of 6,000N/mm?*? or K, of 8,000N/mm?*?, (°C)
NDTT : Nil-ductility transition temperature (°C)

oand B : Constant (1)

s : Transition temperature of the absorbed energy (°C)

t . Thickness

(1) o and B and are to be determined by comparing small-scale test results with crack arrest test results.

G
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Table 2 : Example of small-scale test method using pressed-notch Charpy impact test (Informative)

Test type

Pressed-notch Charpy impact test

Standard

Dimension, shape, introducing method of notch: Manufacturer's proposal
Others: [SO148-1:2016

Sampling positions of test specimens

1/2 of thickness

Length direction of test specimen

Parallel to the final rolling direction of test plate

Regression equation

Tkea = apTEyl +B

Tkea : Temperature at K, of 6,000N/mm?*? or K, of 8,000N/mm?*?, (°C)
o Ty Test temperature at absorbed energy of T (), (°C)

oand B : Constant (1)

Y : Absorbed energy at brittle fracture surface ratio of 3 (%),(J) (1)

(1) o, B, Y and 3 are determined by comparing small-scale test results with crack arrest test results.

Table 3 : Example of small-scale test method using Side-section drop weight test (Informative)

Test type

Side-section drop weight test

Standard

Dimension: P-2 type of ASTM E 208 2020

Sampling positions of test specimens

1/2 of thickness and side-section

t>50 mm

-

—
Rolling direction EY
3y \
-
Center [~
Length direction of test specimen Parallel to the final rolling direction of test plate
Regression equation i
& 9 TKca:oc+TS'de+Y~t“5
NDT
Tkea : Temperature at K., of 6,000N/mm?*? or K., of 8,000N/mm??, (°C)
Teide\ ot Nil-ductility transition temperature obtained by side-section drop weight test,
Q)
o, B and Y: Constant (1)
t : Thickness

(1) o, Band Y are to be determined by comparing small-scale test results with crack arrest test results.
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